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THURSDAY, SEPTEMBER 10, 1885

OUR PRESENT NEEDS

F it be fair to forecast the success of a meeting of the
British Association by the quality of the addresses
delivered by the various presidents, then we may predict
that the meeting of this year at Aberdeen, which began
yesterday, will stand out among its fellows. We think it
would be hard to find any prior occasion on which such a
high standard of excellence had been reached all round.

The growing use as well as the growing feeling for the
need of scientific methods comes out in a most unmis-
takable way, while there is no fear that either hearers or
readers will be lulled into a Sleepy Hollow of satisfaction
or a rest-and-be-thankful feeling. For that much remains
to be done even in the way of initial organisation both
of teaching and working, is frankly and fearlessly acknow-
ledged by several of the speakers.

These present needs may well occupy our attention,
and we may begin by those pointed out by the President
of the Association himself, who speaks both as a man of
Science and a politician. No one knows better than
Sir Lyon Playfair how Science can aid the body
politic, or knows better how each party when in office
neglects or uses this powerful engine for the nation’s good.
He begins by quoting these noble words from the address
of the President at the Aberdeen Meeting in 1859—the
lamented Prince Consort:—“ We may be justified in
hoping . . . that the Legislature and the State will more
and more recognise the claims of Science to their atten-
tion, so that it may no longer require the begging box,
but speak to the State like a favoured child to its parent,
sure of his paternal solicitude for its welfare ; that the
State will recognise in Science one of its elements of
strength and prosperity, to foster which the clearest
dictates of self-interest demand.”

One can get no better idea of the Philistine condition
of the Government and of the House of Commons in
matters of science than from the fact that much of what
follows in the President’s Address has not been said in the
House itself instead of at Aberdeen. The real reason
perhaps is to be gathered from a remark made by Prof.
Chrystal in his address in Section A :—

“We all have a great respect for the integrity of our
British legislators, whatever doubts may haunt us occa-
sionally as to their capacity in practical affairs. The
ignorance of many of them regarding some of the most
elementary facts that bear on every-day life is very sur-
prising.  Scientifically speaking, uneducated themselves,
they seem to think that they will catch the echo of a fact
or the solution of an arithmetical problem by putting
their ears to the sounding-shell of uneducated public
opinion. When I observe the process which many such
people employ for arriving at what they consider truth, I
often think of a story I once heard of an eccentric Ger-
man student of chemistry. This gentleman was idle,
but, like all his nation, systematic. When he had a pre-
cipitate to weigh, instead of resorting to his balance, he
would go the round of the laboratory, hold up the test-tube
before each of his fellow-students in turn, and ask him
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to guess the weight. He set down all the replies, took
the average, and entered the result in his analysis.”

Now if this view of our legislators is shared by
men of such acumen as Sir Lyon Playfair and others in
the House of Commons more or less connected with
science, we can well understand their silence in the
modern council of the nation which so little resembles
the Witanagemote of former times.

In his pleading for more State recognition of science
the President points out the present activity of Germany
and France, and especially of the United States:

‘. . . Both France and Germany make energetic efforts
to advance Science with the aid of their national re-
sources. More remarkable is it to see a young nation
like the United States reserving 150,000,000 acres of
national lands for the promotion of scientific education.
In some respects this young country is in advance of all
European nations in joining Science to its administrative
offices. Its scientific publications, like the great palacon-
tological work embodying the researches of Prof. Marsh
and his associates in the Geological Survey, are an
example to other Governments. The Minister of Agri-
culture is surrounded with a staff of botanists and
chemists. The Home Secretary is aided by a special
Scientific Commission to investigate the habits, migra-
tions, and food of fishes, and the latter has at its disposal
two specially constructed steamers of large tonnage.
The United States and Great Britain promote fisheries
on distinct systems. In this country we are perpetually
issuing expensive Commissions to visit the coasts in order
to ascertain the experiences of fishermen, I have acted
as Chairman of one of these Royal Commissions, and
found that the fishermen, having only a knowledge
of a small area, gave the most contradictory and
unsatisfactory evidence. In America the questions
are put to Nature, and not to fishermen. Exact and
searching investigations are made into the life-history of
the fishes, into the temperature of the sea in which they
live and spawn, into the nature of their food, and into the
habits of their natural enemies. For this purpose the
Government give the cooperation of the Navy, and
provide the Commission with a special corps of skilled
naturalists, some of whom go out with the steamships,
and others work in the biological laboratories at Wood’s
Holl, Massachusetts, or at Washington. . . . The practical
results flowing from these scientific investigations have
been important. The inland waters and rivers have been
stocked with fish of the best and most suitable kinds.
LEven the great ocean which washes the coasts of the
United States is beginning to be affected by the knowledge
thus acquired, and a sensible result is already produced
upon the most important of its fisheries. The United
Kingdom largely depends upon its fisheries, but as yet
our own Government have scarcely realised the value of
such scientific investigations as those pursued with success
by the United States.”

He quotes with approval a passage from Washington’s
farewell to his countrymen : “ Promote as an object of
primary importance institutions for the general diffusion
of knowledge. In proportion as the structure of a
Government gives force to public opinion it is essential
that public opinion should be enlightened.” He next points
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out that it was not till 1870 that England established a
system of education at all, and that now, while all great
countries, except our own, have Ministers of Education,
we have only Ministers who are managers of primary
schools.

Passing on to the State need of abstract knowledge, we
read as follows :—

“ Ali, the son-in-law of Mahomet, the fourth stuccessor
to the Caliphate, urged upon his followers that men of
science and their disciples give security to human pro-
gress. Ali loved to say, ‘Eminence in science is the
highest of honours ;’ and ‘ He dies not who gives life to
learning.” In addressing you upon texts such as these
my purpose was to show how unwise it is for England to
lag in the onward march of science when most other
European Powers are using the resources of their States
to promote higher education and to advance the bound-
aries of knowledge. English Governments alone fail to
grasp the fact that the competition of the world has
become a competition in intellect.”

We have seen how Sir Lyon Playfair twits the heads of
the Education Department with being merely managers
of primary schools. The President of the Chemical
Section, Prof. Armstrong, also shows reason why their
functions must be expanded if science is ever to get on
here. He holds that without State action the difficulties
which at present prevent the existing teaching institutions
from exercising their full share of influence upon the
advancement of our national prosperity are all but in-
superable. He foresees the objection that such an inter-
ference would deprive teaching-centres of their indi-
viduality, but he denies that this must necessarily follow,
and we know no one who has a better right to express an
opinion on such a subject.

Some part indeed of Prof. Armstrong's address is
terrible reading. The present chemical education and
chemical examinations in this country are, according to
him, to a large extent shams, and worse. The students
who come to the centres of higher instruction are scarcely
reasoning beings—they have never been brought to reason ;
and at those centres the instruction has been of too
technical a character, while hardly anywhere is there an
atmosphere of research. We commend this part of
Prof. Armstrong’s address strongly to our readers. He
points out, among many other matters, the vital import-
ance of the research atmosphere, and he frankly states the
difficulties felt by earnest men. On this point, indeed,
we think him a little too sensitive. Many of the remarks
so often made now touching the absence of research in
our chemical laboratories apply not to such men as him,
but to those whose trading spirit and proclivities are well
known—men who discredit the profession to which they
belong. Still, it is well that the difficulties should be
fairly recorded, especially in juxtaposition with a state-
ment that absence of research must always indicate the
absence of teaching worthy of the name.

A complete revision of the present system, both of
teaching and examining in chemistry, is, therefore, ac-
cording to Prof. Armstrong, one of the most pressing of
our present needs.

Are the other sciences better off? Certainly not
mathematics if Prof. Chrystal has a right to speak for
that branch: i

“All men practically engaged in teaching who have
learned enough, in spite of the defects of their own early
training, to enable them to take a broad view of the
matter, are agreed as to the canker which turns every-
thing that is good in our educational practice to evil. It
is the absurd prominence of written competitive examina-
tions that works all this mischief.”

But some may think that in the setting of problems
mathematics teachers have an advantage over others in
preventing unintelligent cramming. This is not Prof.
Chrystal’s opinion :

“The history of this matter of problems, as they are
called, illustrates in a singularly instructive way the weak
point of our English system of education. They origin-
ated, I fancy, in the Cambridge Mathematical Tripos Ex-
amination, as a reaction against the abuses of cramming
bookwork, and they have spread into almost every branch
of science teaching—witness test-tubing in chemistry. At
first they may have been a good thing ; at all events the
tradition at Cambridge was strong in my day, that he
that could work the most problems in three or two and a
half hours was the ablest man, and, be he ever so ignorant
of his subject in its width and breadth, could afford to
despise those less gifted with this particular kind of
superficial sharpness. But, in the end, came all to the
same : we were prepared for problem-working in exactly
the same way as for bookwork. We were directed to
work through old problem papers, and study the style
and peculiarities of the day and of the examiner. The
day and the examiner had, in truth, much to do with it,
and fashion reigned in problems as in everything else.
The only difference I could ever see between problems
and bookwork was the greater predominance of the in-
spiriting element of luck in the former. This advantage
was more than compensated for by the peculiarly dis-
jointed and, from a truly scientific point of view, worthless
nature of the training which was employed to cultivate
this species of mental athletics. The result, so far as
problems worked in examinations go, is, after all, very
miserable, as the reiterated complaints of examiners
show ; the effect on the examinee is a well-known ener-
vation of mind, an almost incurable superficiality, which
might be called Problematic Paralysis—a disease which
unfits a man to follow an argument extending beyond the
length of a printed octavo page.”

As to the crying present need, Profs. Chrystal and
Armstrong are at one. We want a higher ideal of educa-
tion in general and of scientific education in particular :

“Science cannot live among the people, and scientific
education cannot be more than a wordy rehearsal of dead
text-books, unless we have living contact with the working
minds of living men. It takes the hand of God to make
a great mind, but contact with a great mind will make a
little mind greater. The most valuable instruction in any
art or science is to sit at the feet of a master, and the
next best to have contact with another who has himself
been so instructed. No agency that I have ever seen at
work can compare for efficiency with an intelligent
teacher, who has thoroughly made his subject his own
It is by providing such, and not by sowing the dragon’s
teeth of examinations, that we can hope to raise up an
intelligent generation of scientifically educated men, who
shall help our race to keep its place in the struggle o!
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nations. In the future we must look more to men and
o ideas, and trust less to mere systems. Systems have
had their trial. In particular, systems of examination have
been tested and found wanting in nearly every civilised
country on the face of the earth.”

What we have written will show what food for thought
in the matter of our present needs has been provided at
Aberdeen for those gathered together for the advance-
ment of science. Surely the three addresses to which we
have specially referred in the present article suggest a
gap in the organisation of the Association. Why should
there not be a section to deal specially with the question
of Education and Research ?

THE “DECOMPOSITION” OF DIDYMIUM

NDER the above title the Ckemical News has recently
reprinted from the Chemiker Zeitung a notice of
an important piece of work recently communicated to the
Vienna Academy by Dr. C. A. von Welsbach. The work
appears to have resulted in the discovery that the “dyad
or triad element ” didymium with an “atomic weight” of
48 or 96, or 147, according to the text-books employed,
and which since its separation by Mosander in 1841 has
been investigated by Marignac, Hermann, Watts, Bunsen,
Deville, and Erk, not to mention many others, is no
element at all, but is built up of two substances which
can be separated from each other by an ordinary chemical
process. The “decomposition” was in fact effected by
means of the double ammonium or sodium nitrates in
presence of lanthanum salt.

The colours of the salts of the two substances are quite
different. The salts of that which approaches lanthanum
in its chemical characteristics are of a leek-green, those
of the other substance are rose or amethyst red, and it is
this substance which exists in greatest quantity in didy-
mium. Dr. von Welsbach proposes for these two new
substances the names of “ praseodymium” and “neo-
dymium.” .

It will be readily seen that from the chemical point of
view alone these results are of very high interest, but
there is another from which they assume a very great
importance.

The “element” didymium after it was separated by
the chemist had been handed over to the physicists.
Gladstone, we believe, was among the first to note the
characteristic absorption spectrum of the salts. In this
work he was followed by Bahr and Bunsen, Erk and
others. Thalén determined its spark spectrum, and in
our spectroscopic literature didymium has taken its place
by the side of hydrogen and iron as a characteristic
spectrum-giving element.

Now one of the arguments which has been used in
support of the view put forward some time ago of the
dissociation of the cliemical elements at solar tempera-
tures is that at one “heat level” in the sun’s atmosphere
(a term coined because the sun’s atmosphere must get
hotter as we go'down, and we have means of determining
which vapours ascend from hotter regions and which
descend from cooler ones) we get some lines of the spec-
trum of a substance, let us say iron, and at another we
get others ; so that to get the complete spectrum of iron,
as we see it when we use iron in our laboratories, we have

to add together the two sets of lines seen in the spectra
of parts of the sun known to be at different temperatures.

To make our statements more precise we may say that
the lines of iron seen bright in the spectra of solar
prominences and those seen widened in the spectra of
solar spots are so different that it may be said that there
is hardly a line common to both. So much so that, as
was said years ago, if we did not know iron here, and the
fact that its spectrum contains both sets of lines, we
should say that the prominences g#d iron contained one
substance, and the spots gwd iron contained another.

These facts were explained by the hypothesis that there
were in the so-called element iron at least two different
substances or molecular groupings, one of which alone
could withstand the higher temperature of the promin-
ences. The reason that bo/Z sets of lines and many
others are seen in the spectrum of iron in the high-
tension spark is that the temperature of the spark is
sufficient to carry the solid metal through the series of
simplifications, whether many or few, which lie between
the limits formed by the solid state and the temperature
of the prominences.

To this it has been objected that if these things exist in
iron they should be isolated and put in bottles. To this
it has been replied that the bottles themselves must be
incandescent, or the ‘ things” will unite again as they
have done before to form iron as we know it.

Now the real importance of Dr. von Welsbach’s: work
is that what has not yet been done for iron—to prove
beyond all cavil the above hypothesis—he has done for
didymium. He has got into two bottles, which: we may
mentally label “spot bottle,” “prominence bottle,” two
substances from the “element” didymium, each of which
has a characteristic spectrum consisting of different parts
of the spectrum of didymium just as the spots and promin-
ences have spectra gu«d iron, which are different parts of
the spectrum of iron. Further, by mixing the substances
in these two bottles together in proper proportions he can
produce a third, which gives the mapped spectrum: of
didymium exactly as in the general spectrum' of the sun,
in which we get, added together, the absorptions of the
hotter and cooler regions represented by prominences
and spots, we have gud iron, something not unlike the arc
spectrum of that substance.

There is no doubt that the interest of both chemists
and physicists will be keenly excited by Von Welsbach’s
work, and that it will be critically examined and re-
peated. If it be confirmed we may hope that some day
similar work will be undertaken here. The way is open,
and has been cleared in a remarkable way. Formerly it
was imagined that very high temperatures and new
chemical methods were the sple agents to which appeal
could be made in such a' case; it may turn out that
there are reagents to hand if chemists will turn their
attention to them.

It is further clear that the ‘“elements” with high
atomic weight should be the first to be attacked. Those
who consider the spectrum of cerium, for instance, which
in the blue and'violet portion is richer in lines than the
spectrum of the sun itself, to be produced by the vibra-
tion of “the chemical atom” or “ the chemical molecule,”
no matter which, will find themselves in a hopeless
minority, now that the simpler explanation of a mixed
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oligin has apparently received confirmation in the case
of another substance.

But although we have chiefly confined ourselves to the
spectroscopic bearing of the work, it is not too much to
say of it that, if this separation be in the sense as indi-
cated, it is the most important work in mineral chemistry
we have had for many years. By patient work the group
of cerium, didymium, &c., metals has yielded several new
metallic oxides, differing considerably from didymium,
but having the same general reactions, being members of
the same group in fact. The difference in the ordinary
chemical reactions of cerium, lanthanum, didymium,
scandium, terbium, ytterbium, and probably samarium is
generally very slight, and they can only be separated by
long-continued operations, nearly always cases of frac-
tional separation. The close relationship of these metallic
oxides has been long recognised, and the group has been
considered peculiar in this respect, and in consequence
an immense amount of labour has been expended upon
it, more than has ever been expended on groups of other
metallic oxides. Indeed, the notion that heat is the agent
of chemical resolution seems to have gained such a hold
that apparently for the last two, or three, decades, with
the exception of the cerite metals, it is the only reagent
the action of which has been taken as definitive in esta-
blishing a thing to be an element. We are not aware
that any records of patient work on chromium exist,
attempts to isolate any other substance from chromium
oxide other than our ordinary chromium. The general
properties of this, or these, oxides surely invite to further
investigation. And in the case of nickel and cobalt,
which appear almost to be isomers, there is a fine field for
investigation which might be as profitably cultivated
perhaps as an almost infinite series of carbon compounds.

OUR BOOK SHELF

Annuatre géologique unive~ .. et Guide du Géologie antour
de la Terre. Parle Dr. Dagincourt. (Paris: Comptoir
géologique de Paris, 1885.)

THIS is the first annual issue of a geological guide edited
by the Secretary to the Geological Society of France,
which cannot fail to be of the greatest use as a book of
referenceoto those concerned with geology all over the
world. Multum in parvo would be a very suitable motto
for the book, for the amount of information which it con-
tains in a small space is really marvellous. The editor
does not profess to have carried out the whole of the
programme which he has set before himself in the present
issue ; but it was decided to bring out the volume this
year on account of the meeting of the Geological Congress
at Berlin, and also in order that he may be able in the
ensuing issue to profit by private and public criticism.
The best criticism of it will be a bare statement of its
contents. It first describes the history, various meetings
and utility of the Congress of Geologists, with the pro-
ceedings at the meetings in Paris and Bologna. It then
takes the continents in alphabetical order, and the countries
in them in the same way, and supplies a mass of geological
information of all kinds with regard to each. Taking
as an example the first country under the head Europe,
which is Germany (Allemagne), we find a list of books on
the bibliography of German geology, of general (as dis-
tinguished from special and detailed) geological maps,
and of the leading works on certain districts ; these are
succeeded by a general sketch of the geological features
of Germany, and of the occurrence of the various

geological systems';ithen a detailedlaccount of the organisa-
tion for the production of geological maps in the various
countries and provinces composing the German Empire ;
then a sketch of the institutions in which geology 1s
taught, the various universities with their professors,
laboratories, collections, museums, &c., the professors at
the various polytechnic and agronomical schools, the
public and private geological collections, with in some
cases, brief descriptions of the principal features (these
occupy a considerable space), then the various geological
societies, with their organisations; next the periodical
publications, their prices, size, general nature of the con-
tents, divided into five classes—(1) those specially geo-
logical, (2) those containing from time to time geological
papers, (3) geographical periodicals containing geological
papers, (4) those devoted to mining, (5) collections of
geological and palaontological memoirs. These lists are
succeeded by others which form a very important feature
of the work—yviz. the names, addresses, and special fields
of all the geologists in the German empire ; and finally
the titles of all the books and papers which have appeared
during the past year on mineralogy, petrography, geology,
and palaontology, arranged in alphabetical order. This
description of the volume under the head “ Allemagne,”
will give an accurate idea of the scope and arrangement
of the book, for although circumstances have prevented
the scheme being carried out with the same degree of
thoroughness for every part of the globe, the volume will
year by year approach nearer to, doubtless even improve
upon, this standard. In the case of Great Britain, for
instance, the issue for 1886 will contain a thorough study
of our geology, and its teaching in our universities and
other public institutions. Its ultimate completeness must
naturally depend much on the assistance which the editor
receives from geologists all over the world in supplying
information, making the necessary alterations required by
time, offering suggestions and adding corrections ; and
the volume is so useful and full in design that we have
little doubt Dr. Dagincourt’s fellow-geologists will willingly
help him to carry it out in all its details. We observe
that Tasmania has by an error been put amongst Asiatic
countries instead of in Australasia.

LETTERS TO THE EDITOR

[ Zhe Editor does not hold himself responsible for opinions expressed
by his corvespondents, Neither can he undertake to return,
or to correspond with the writers of, rejected manuscripts.
No notice is taken of anonymous communicalions.

[Zhe Editor urgently requests correspondents to keep their letters
as short as possible, The pressure on his space is so greal
that it is impossible otherwise to insure the appearance even
of communications containing interesting and novel facts.)

The Meteoric Cycle and Stonehenge

WE are now passing through the hundredth meteoric cycle of
nineteen years, which commenced with A.D, 1882, and will
terminate with A.D. 1900. These cycles began with the year of om
Saviour’s birth, and our prayer books contain tables showing for
many successive years on what days Easter days and our
movable festivals will occur. At the end of every such cycle
the new and full moons happen within an hour and a half of the
same time of the year as they did at the beginning.

With these cycles is commonly associated the name of Meton,
an astronomer of Athens, who wrote a book on the subject, by
which the Greeks regulated the recurrence of their festivals.
He flourished 432 years B.c. But the knowledge of these cycles
existed in England centuries before the time of Meton, as I will
presently show, and it is probable that the four very ancient
erections supposed to have been temples of the sun near
Penzance, had reference to this cycle of nineteen years, as they
each consisted originally of nineteen stones placed upright and
rising from 3 to 6 feet above the ground in rude circles varying
in diameter from 65 to 80 feet. These temples are still existing,
although some of their stones have fallen, and they are miles
from each other, but are all called in the printed maps, as w!:ll
as immemorially, by one and the same name, viz. ‘‘ Vine
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Maidens,” which is simply an abbreviation for Nineteen
Maidens.

The following quotation from Diodorus Siculus (Book II.
chap. iii. Booth’s Trans., page 139), who flourished about
forty-four years B.C., will be an historical confirmation of what I
have above stated :—

‘“ Amongst those who have written old stories much like
fables, Hecataeus (born 549 years B.C.) and some others say that
there is an island in the ocean over against Gaul (as big as
Sicily) under the Arctic pole, where the Hyperboreans inhabit,
so called because they lie beyond the breezes of the north wind ;
that the soil there is very rich and fruitful, and the climate
temperate, inasmuch as there are two crops in the year.”

This description does not apply to the whole of the island
referred to, but represents Mount’s Bay, its most south-western
extremity, and we may therefore conclude that those from whom
Hecateeus and the others derived their information were the
Pheenician traders who for centuries previously frequented Mount’s
Bay for tin and fish, and who imagined all Britain to possess
the same rich soil and mild climate as Mount’s Bay where still
““ there are two crops in the year.” But to proceed with the
quotation :—

“They say that Latona was born there, that they worship
Apollo above all other gods, and the inhabitants demean them-
se])ves as if they were Apollo’s priests, who has there a stately
grove and a renowned temple of a round form, and that there is
a city likewise consecrated to this god. The sovereignty of this
city ‘and the care of the temple (they say) belong to the
Boreades.”

This city and this ‘‘renowned temple of a round form” are
doubtless those of Old Sarum and Stonehenge, the inner oval of
which, immediately around the altar, consists of precisely nineteen
stones (see the plate in Dr. Stukeley’s ¢ Stonehenge,” page 20).
But the four temples of the sun above described of nineteen
stones each, placed upright ‘‘in a round form” to represent the
cycle of nineteen years, are not mentioned by Diodorus, as they
were probably deemed not worthy of notice after alluding to the
renowned temple of Stonehenge. The passage concludes as
follows :—

“They say, moreover, that Apollo once in nineteen years
comes into the island, in which space of time the stars perform
their courses, and return to the same point, and therefore the
Greeks call the revolution of nineteen years ‘the great year.””

Plymouth, August R. EDMONDS

Nebula in Andromeda

LAsT night the nebula in Andromeda was observed here.
The stellar-like nucleus was distinctly seen. It appeared to be
of a reddish-yellow colour as contrasted with that of the nebula.
We think that a change has certainly taken place, no such
stellar-like centre having previously been seen in the nucleus.
The stellar point was examined with a small prism held between
the eye-piece and the eye. A continuous spectrum was seen.
Dr. Boeddicher and I were both convinced that there were
considerable inequalities in its light, and independently formed
the impression that there was at times a bright band or line in
the green. The colour of the stellar point appeared much the
same as that of Aldebaran, Rosse

Observatory, Birr Castle, September 8

Sunsets

IN July of this year I spent a short time in the Schwarzwald
of Baden. For more than a week the sky was cloudless day
and night, yet the heat was not oppressive. The sunsets were
benutiﬁxl beyond description, and the after-glows magnificent.
One evening in particular will always remain impressed upon
my memory. It was that of July 26, and the place was a few
miles from the town of Neustadt, nearly in the centre of the
forest. 'Wonderful effects began to appear so soon as the sun
touched the crest of the western hills. But these were as
nothing compared with what followed. The moment the lumin-
ary had disappeared behind the hills long streamers began to
radiate high up into the heavens, and for a time, as the daylight
diminished, they increased both in length and intensity, rivalling
any description or figures of the Arctic auroras that I have ever
seen ; at the same time the most vivid and ever-changing glow
lit up the whole western heavens. The scene lasted more than
an hour, and its effect was heightened by, and perhaps partly
due to, a nearly full moon, which rose from behind a slight dip

or pass in the hills on the eastern side of the valley. The in-
habitants of the Schwarzwald are indubitably phlegmatic, and
not easily moved to excitement ; but this display of celestial

yrotechnics was too much for them, and at a small roadside
inn the carters and others who were enjoying their beer inside
turned out en masse to witness it. I am not a strong admirer of
Turner’s pictures, but, in comparing nature with art, one idea
came uppermost—the scene was ‘ Turneresque.”

Lewisham, S.E., September 3 R. MCLACHLAN

Pulsation in the Veins

MR. HippisLEY will find a very simple way of showing pulsa-
tion in the veins, as well as in the arteries, by fixing a long
bristle or thread of sealing-wax over the vessel by means of a
little tallow. The end of the lever will vibrate and produce all
the movements of the sphygmograph. This method was adopted
by Mr. Wilkinson King nearly fifty years ago, and the instru-
ment styled by him the sphygmometer. In his paper in the
Guy’s Hospital Reports for 1837, ““On the Safety Valve Func-
tion of the Right Ventricle of the Heart,” will be found much
valuable matter and discussion about venous pulsation.

August 29 S0 W.

Red Hail

Vu Pintérét que peut offrir la coloration de la gréle, j’espére que
vous voudrez bien insérer ces quelques lignes dans votre journal :
““ La gréle colorée en rouge, observée par Mr. Mullan et dont il
est question dans le No. 812 de ce journal, n’est pas un fait

; ; ey
isolé. On a observé un cas analogue en 1880, le = juin, en
14

Russie. Les grélons de cette chute-la étaient intéressants sous plus
d’un rapport. Leur forme se ramenait & trois types: paralléli-
pipede, cylindre, sphéroide trés-aplati et muni de cavité aux bouts
de la petite axe. Certains de ces grélons étaient percés de part
en part, le long de la petite axe, ce qui leur donnait ’apparence
des anneaux. Certains des grélons étaient colorés en rouge-pile,
d’autres avaient la couleur bleu-pdle, mais pour la plupart les
grélons étaient grisou blanc. L’observateur, M. Lagounowitch,
crut avoir remarqué que la couleur était lide a la forme des
grélons. Je cite ces faits et j'en propose I'explication dans ma
brochure, ¢ Sur I'Origine de la Gréle.””
THEODORE SCHWEDOFF,
Professeur de Physique & I'Université d’Odessa

Odessa, le 15 aofit, 1885
27

On the Terminology of the Mathematical Theory of
Electricity

MR. SUTHERLAND's letter on terminology (NATURE, vol.
xxxii. p. 391) leads me to suggest to Mr. Scott the employment
of the term Jow-pression for depression in his weather forecasts
sent to the newspapers. It is nearly as easily pronounced and
written, and will not have such a tendency to mislead the
general public as to there being a depressing of the air where it
really ascends. HENRY MUIRHEAD

Cambuslang

THE BRITISH ASSOCIATION
Aberdeen, Monday

’I‘HIS place has evidently been astir for days in antici-
pation of the present meeting. Already are the
directions necessary for visitors finding their way to the
various sections put up in conspicuous places in Union
Street and the neighbourhood of Marischal College.
The accommodation in the fine building for reception .

-rooms, committee rooms, reading, sectional, and other

rooms, seems, so far as can be judged at present, every-
thing that could be desired. It is evident that the Local
Committee have been working in earnest to make the
second Aberdeen meeting a success, and their efforts have
been heartily supported by the citizens and country people.
Up to Saturday 1000/, worth of tickets had been sold to
local people alone, and many more will be sold between
this and Wednesday. Of old members of the Association
750 have already written that they intend to be present
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and it is confidently anticipated that quite 2500 people
will take out tickets for the meeting. This great influx of
strangers has tasked the available accommodation in
Aberdeen, and, as might be expected, the charges in hotels
and lodging-houses are somewhat exorbitant.

Of foreigners who are to be present one of the most
distinguished is Prof. O. C, Marsh, the well-known Ameri-
can palzontologist, who. it is expected, will take part in
the proceedings of both C and D. Others are the Abbé
Renard ‘of Brussels, Dr. Max Schuster of Vienna, Dr.
von Dechen of Bonn, and Prof. Radlkofer of Munich.
It is expected that Mr. Im Thurn, the naturalist, who
recently ascended Mount Roraima in British Guiana, will
be able to be here, and tell personally of his ascent and
its important results. .

Of the excursions, that to Balmoral on Saturday is
evidently the favourite, and there will be considerable
competition to be included among the 150, The Earl of
Crawford has for the same day invited sixty members to
visit Dunecht, where the observatory will be inspected,
and where the archaologists will be shown the “ Barnekin
of Dunecht.” - The Earl of Crawford also contributed
several very valuable and interesting objects to a fine
exhibition of antiquities, old books and manuscripts, that
is being arranged. Among the expeditions arranged for
Thursday the 17th, is one specially for geologists, to
Portsoy ; and for the same day the Rev. W. Gordon
invites a party of naturalists to Braemar.

Among the local establishments which will be open to
the inspection of visitors are several of the great granite
works for which Aberdeen is so famous.

Another exhibition of special interest, arranged by the
Scottish Geographical Society, will consist of Scottish
maps, including some 150 different maps, atlases, guides,
and special topographical works,

If one may judge from the present appearance of the
weather, the meteorological conditions promise to be
favourable, and, if so, the meeting will be sure to be
successful, so far as pleasuring is concerned, while the
discussions that have been arranged for the Sections A
and B are likely to give it considerable scientific im-
portance.

INAUGURAL ADDRESS BY THE RIGHT HON. SiR LvoN
PLAYFAIR, K.C,B., M.P., F.R.S., PRESIDENT

1. Visit to Canada.—Our last meeting at Montreal was a
notable event in the life of the British Association, and even
marked a distinct epoch in the history of civilisation. It was
by no mere accident that the constitution of the Association
enabled it to embrace all parts of the British Empire. Science
is truly casholic, and is bounded only by the universe. In rela-
tion to our vast empire, science, as well as literature and art, are
the common possession of all its varying people. The United
Kingdom is limited to 120,800 square miles, inhabited by 35
millions of people ; but the empire as a whole has 84 millions
of square miles, with a population of 305 millions. To federate
such vast possessions and so teeming a population into a political
unit is a work only to be accomplished by the labours and per-
sistent efforts of perhaps several generations of statesmen. The
federation of its science is a subject of less dimensions well
within the range of experiment. No part of the British Empire
was more suited than Canada to try whether her science could
be federated with our science. Canada has lately federated dis-
tinct provinces, with conflicting interests arising from difference
of races, nationalities, and religions. Political federation is not
new in the history of the world, though it generally arises as a
consequence of war, It was war that taught the Netherlands to
federate in 1619. It was war which united the States in
America ; federated Switzerland, Germany, and Austria, and
unified Italy. But Canada formed a great national life out of
petty provincial existences in a time of profound peace, This
evolution gave an immense impulse to her national resources.
The Dominion still requires consolidation in its vast extent, and
applied science is rapidly effecting it. Canada, with its great
expanse of territory, nearly as large as the United States, is
being knit together by the iron bands of railways from the Gulf

of St. Lawrence to the Pacific Ocean, so that the fertile lands qf
Ontario, Manitoba, Columbia, and the North-Western terri-
tories will soon be available to the world. Still practical science
has much to accomplish. England and France, with only one-
fifth the fertile area of Canada, support 8o millions of people,
while Canada hasa population not exceeding 5 millions,

A less far-seeing people than the Canadians might have
invited the applied science which they so much require. But
they knew that without science there are no applications. They
no doubt felt with Emerson—

““ And what if Trade sow cities

Like shells along the shore,

And thatch with towns the prairie broad

With railways ironed o'er:

They are but sailing foam-bells

Along Thought's causing stream,

And take their shape and sun-colour

From him that sends the dream.”
So it was with a far-reaching foresight that the Canadian Govern-
ment invited the British Association for the Advancement of
Science to meet in Montreal. The inhabitants of Canada
received us with open arms, and the science of the Dominion
and that of the United Kingdom were welded. We found in
Canada, as we had every reason to expect, men of manly and
self-reliant character, who loved not less than we did the old
home from which they had come. Among them is the same
healthiness of political and moral life, with the same love of
truth which distinguishes the English people. Our great men
are their great men : our Shakspeare, Milton; and Burns belong
to them as much as to ourselves ; our Newton, Dalton, Faraday,
and Darwin are their men of science as much as they are ours.
Thus a common possession and mutual sympathy made the
meeting in Canada a successful effort to stimulate the progress of
science, while it established, at the same time, the principle that
all people of British origin—and I would fain include our cousins
in the United States—possess ‘a common interest in the intel-
lectual glories of their race, and ought, in science at least, to
constitute part and parcel of a common empire, whose heart may
beat in the small islands of the northern seas, but whose blood
circulates in all her limbs, carrying warmth to them and bringing
back vigour to us. Nothing can be more cheering to our
Assoociation than to know that many of the young communities
of English-speaking people all over the globe—in India, China,
Japan, the Straits, Ceylon, Australia, New Zealand, the Cape—
have founded scientific societies in order to promote the growth
of scientific research., No doubt science, which is only a form
of truth, is one in all lands, but still its unity of purpose and
fulfilment received an important practical expression, by our visit
to Canada, This community of science will be continued by the
fact that we have invited Sir William Dawson, of Montreal, to
be our next President at Birmingham.

11, Science and the State.—1 cannot address you in Aberdeen
without recollecting that when we last met in this city our
President was a great prince.  The just verdict of time is that,
high as was his royal rank, he has a far nobler claim to our
regard as a lover of humanity in its widest sense, and especially
as a lover of those arts and sciences which do so much to adorn
it. On September 14, 1859, I sat on this platform and listened
to the eloquent address and wise counsel of the Prince Consort.
At one time a member of his household, it was my privilege to
co-operate with this illustrious prince in many questions relating
to the advancement of science. I naturally, therefore, turned
to his presidential address to see whether I might not now con-
tinue those counsels which he then gave with all'the breadth
and comprehensiveness of his masterly speeches. T found, as T
expected, a text for my own discourse in some pregnant remarks
which he made upon the relation of science to the State, They
are as follows :—*“ We may be justified in hoping . . . that the
Legislature and the State will more and more recognise the
claims of science to their attention, so that it may no longer
require the begging-box, but speak to the State like a favoured
child to its parent, sure of his paternal solicitude for its welfare ;
that the State will recognise in science one of its elements of
strength and prosperity, to foster which the clearest dictates of
self-interest demand.”

This opinion, in its broadest sense, means that the relations
of science to the State should be made more intimate because
the advance of science is needful to the public weal.

The importance of promoting science as a duty of statecraft
was well enough known to the ancients, especially to the Greeks
and Arabs, but it ceased to be recognised in the dark ages, and
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was lost to sight during the revival of letters in the fifteenth and
sixteenth centuries. Germany and France, which are now in
such active competition in promoting science, have only publicly
acknowledged its national importance in recent times. = Even in
the last century, though France had its Lavoisier and Germany
its Leibnitz, their Governments did not know the value of
science.  When the former was condemned to death in the
Reign ot Terror, a petition was presented to the rulers that his
life might be spared for a few weeks in order that he might
complete some important experiments, but the reply was, ““ The
Republic has no need of savants.” Earlier in the century the
much-praised Frederick William of Prussia shouted with a loud
voice, during a graduation ceremony in the University of Frank-
fort, ‘“An ounce of mother-wit is worth a ton of university
wisdom.” Both France and Germany are now ashamed of these
utterances of their rulers, and make energetic efforts to advance
science with the aid of their national resources. More remark-
able is it to see a young nation like the United States reserving
150,000,000 acres of national lands for the promotion of scien-
tific education. Insome respects this young country is in advance
of all European nations in joining science to its administrative
offices,  Its scientific publications, like the great palaeontclogical
work embodying the researches of Prof. Marsh and his asso-
ciates in the Geological Survey, are an example to other Govern-
ments. The Minister of Agriculture is surrounded with a staff
of botanists and chemists. The Home Secretary is aided by a
special Scientific Commission to investigate the habits, migra-
tions, and food of fishes, and the latter has at its disposal two
specially-constructed steamers of large tonnage. The United
States and Great Britain promote fisheries on distinct systems,
In this country we are perpetually issuing expensive Commis-
sions to visit the coasts in order to ascertain the experiences of
fishermen, I have acted as chairman of one of these Royal
Commissions, and found that the fishermen, having only a
knowledge of a small area, gave the most contradictory and un-
satisfactory evidence. In America the questions are put to
Nature, and not to fishermen. Exact and searching investiga-
tions are made into the life-history of the fishes, into the tem-
perature of the sea in which they live and spawn, into the
nature of their food, and into the habits of their natural ene-
mies, For this purpose the Government give the co-operation
of the navy, and provide the Commission with a special corps
of skilled naturalists, some of whom go out with the steamships
and others work in the biological laboratories at Wood’s Holl,
Massachusetts, or at Washington. The different universities
send their best naturalists to aid in these investigations, which
are under the direction of Mr. Baird, of the Smithsonian Insti-
tution. The annual cost of the Federal Commission is about
40,000/., while the separate States spend about 20,000/ in local
efforts, The practical results flowing from these scientific in-
vestigations have been important. The inland waters and rivers
have been stocked with fish of the best and most suitable kinds.
Even the great ocean which washes the coasts of the United
States is beginning to be affected by the knowledge thus ac-
quired, and a sensible result is already produced upon the most
important of its fisheries, The United Kingdom largely depends
upon its fisheries, but as yet our own Government have scarcely
realised the value of such scientific investigations as those pur-
sued with success by the United States, Less systematically,
but with great benefit to science, our own Government has used
the surveying expeditions, and sometimes has equipped special
expeditions to promote natural history and solar physics, Some
of the latter, like the voyage of the Challenger, have added
largely to the store of knowledge ; while the former, though
not primarily intended for scientific research, have had an in.
direct result of infinite value by becoming training-schools for
such investigators as Edward Forbes, Darwin, Hooker, Huxley,
Wyville Thomson, and others,

In the United Kingdom we are just beginning to understand
the wisdom of Washington’s farewell address to his country-
men when he said : “ Promote as an object of primary import-
ance institutions for the general diffusion of knowledge. In
proportion as the structure of a government gives force to public
opinion, it is essential that public opinion should be enlightened.”
It was only in 1870 that our Parliament established a system of
national primary education. Secondary education is chaotic;
and remains unconnected with the State, while the higher educa-
tion of the universities is only brought at distant intervals under
the view of the State, All great countries except England have
Ministers of Education, but this country has only Ministers who

are the managers of primary schools. We are inferior even to
smaller countries in the absence of organised State supervision
of education. Greece, Portugal, Egypt, and Japan have distinct
Ministers of Education, and so also among our Colonies have
Victoria and New Zealand. Gradually England is gathering
materials for the establishment of an efficient Education Minister.
The Department of Science and Art is doing excellent work in
diffusing a taste for elementary science among the working
classes. There are now about 78,000 persons who annually
come under the influence of its science classes, while a small
number of about 200, many of them teachers, receive thorough
instruction in science at the excellent school in South Kens-
ington, of which Prof. Huxley is the Dean. I do not dwell on
the work of this Government department, because my object is
chiefly to point out how it is that science lags in its progress in
the United Kingdom owing to the deficient interest taken in it
by the middle and upper classes. The working classes are
being roused from their indifference. They show this by their
selection of scientific men as candidates at the next election.
Among these are Profs, Stuart, Roscoe, Maskelyne, and Riicker,
It has its significance that such a humble representative of
science as myself received invitations from working-class con-
stituencies in more than a dozen of the leading manufacturing
towns. In the next Parliament I do not doubt that a Minister
of Education will be'created asfa nucleus around which the
various edvcational materials may crystallise in a definite form.
II1. Secience and Secondary Education.—Various Royal Com-
missions have made inquiries and issued recommendations in
regard to our public and endowed schools. The Commissions
of 1861, 1864, 1868, and 1873 have expressed the strongest dis-
approval of the condition of our schools, and, so far as science is
concerned, their state is much the same as when the Duke of
Devonshire’s Commission in 1873 reported in the following
words :—*“ Considering the increasing importance of science to the
material interests of the country, we cannot but regard its almost
total exclusion from the training of the upper and middle classes as
little less than a national misfortune.” No doubt there are excep-
tional cases and some brilliant examples of improvement since
these words were written, but genernlly throughout the country
teaching in science is a name rather than a reality. The
Technical Commission which reported last year can only point
to three schools in Great Britain in which science is fully and
adequately taught. ‘While the Commission gives us the conso-
lation that England is still in advance as an industrial nation, it
warns us that foreign nations, which were not long ago far
behind, are now making more rapid progress than this country,
and will soon pass it in the race of competition unless we give
increased attention to science in public e({)ucation. A few of the
large towns, notably Manchester, Bradford, Huddersfield, and
Birmingham, are doing so. The working classes are now re-
ceiving better instruction in science than the middle classes.
The competition of actual life asserts its own conditions, for the
children of the latter find increasing difficulty in obtaining em-
ployment., The cause of this lies in the fact that the schools for
the middle classes have not yet adapted themselves to the needs
of modern life. It is true that many of the endowed schools
have been put under new schemes, but as there is no public
supervision or inspection of them, we have no knowledge as to
whether they have prospered or slipped back. © Many corporate
schools have arisen, some of them, like Clifton, Cheltenham,
and Marlborough Colleges, doing excellent educational work,
though as regards all of them the public have no rights and can-
not enforce guarantees for efficiency. A return just issued, on
the motion of Sir John Lubbock, shows a lamentable deficiency
in science teaching in a great proportion of the endowed schools.
While twelve to sixteen hours a week are devoted to classics,
two to three hours are considered ample for science in a large
proportion of the schools. In Scotland there are only six
schools in the Return which give more than two hours to science
weekly, while in many schools its teaching is wholly omitted.
Every other part of the kingdom stands in a better position than
Scotland in relation to the science of its endowed schools. The
old traditions of education stick as firmly to schools as a limpet
does to a rock; though I do the limpet injustice, for it does
make excursions to seek pastures new. Are we to give up in
despair because an exclusive system of classical education has
resisted the assaults of such cultivated authors as Milton,
Montaigne, Cowley, and Locke? There was once an en-
lightened Emperor of China, Chi Hwangti, who knew that his
country was kept back by its exclusive devotion to the classics
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of Confucius and Mencius. He invited 500 of the teachers to
bring their copies of these authors to Pekin, and after giving a
great banquet in their honour, he buried alive the professors
along with their manuscripts in a deep pit. But Confucius and
Mencius still reign supreme, I advocate milder measures, and
depend for their adoption on the force of public opinion. The
needs of modern life will force schools to adapt themselves to a
scientific age.  Grammar-schools believe themselves to be im-
mortal. Those curious immortals—the Struldburgs—described
by Swift, ultimately regretted their immortality, because they
found themselves out of touch, sympathy, and fitness with the
centuries in which they lived.

As there is no use clamouring for an instrument of more
compass and power until we have made up our minds as to the
tune, Prof. Huxley, in his evidence before a Parliamentary
Committee in 1884, has given a time-table for grammar-schools.
He demands that out of their forty hours for public and private
study, ten should be given to modern languages and history,
eight to arithmetic and mathematics, six to science, and two to
geography, thus leaving fourteen hours to the dead languages.
No time-table would, however, be suitable to all schools. The
%reat public schools of England will continue to be the gymnasia
or the upper classes, and should devote much of their time to
classical and literary culture. Even now they introduce into
their curriculum subjects unknown to them when the Royal
Commission of 1868 reported, though they still accept science
with timidity. Unfortunately the other grammar-schools which
educate the middle classes look to the higher public schools as a
type to which they should conform, although their functions are
so different. It is in the interest of the higher public schools
that this difference should be recognised, so that, while they give
an all-round education and expand their curriculum by a freer
recognition of the value of science as an educational power in
developing the faculties of the upper classes, the schools for the
middle classes should adapt themselves to the needs of their
existence, and not keep up a slavish imitation of schools with a
different function. The old classical grammar-schools may view
these remarks as a direct attack upon them, and so it is in one
sense, but it is like the stroke of Ithuriel’s spear, which heals
while it wounds.

The stock argument against the introduction of modern sub-
jects into grammar schools is that it is better to teach Latin and
Greek thoroughly rather than various subjects less completely.
But is it true that thoroughness in teaching dead languages is the
result of an exclusive system? 1In 1868 the Royal Commission
stated that even in the few great public schools thoroughness
was only given to 30 per cent. of the scholars, at the sacrifice of
70 per cent. who got little benefit from the system. Since then
the curriculum has been widened and the teaching has improved.
I question the soundness of the principle that it is better to limit
the attention of the pupils mainly to Latin and Greek, highly as
I value their educational power to a certain order of minds. As
in biology the bodily development of animals is from the general
to the special, so is it in the mental development of man. In
the school a boy shauld be aided to discover the class of know-
ledge that is best suited for his mental capacities, so that, in the
upper forms of the school and in the university, knowledge may
be specialised in order to cultivate the powers of the man to
their fullest extent. Shakspeare’s educational formula may not
be altogether true, but it contains a broad basis of truth—

*“ No profit goes, where is no pleasure ta'en ;—
In brief, sir, study what you most affect.”

The comparative failure of the modern side of school educa-
tion arises from constituting it out of the boys who are looked
upon as classical asses. Milton pointed out that in all schools
there are boys to whom the dead languages are ‘‘like thorns
and thistles,” which form a poor nourishment even for asses. If
teachers looked upon these classical asses as beings who might
receive mental nurture according to their nature, much higher
results would follow the bifurcation of our schools. Saul went
out to look for asses and he found a kingdom. Surely this fact
is more encouraging than the example of Gideon, who ‘‘took
thorns of the wilderness and briars, and with these he Zaught the
men of Succoth.” ! The adaptation of public schools to a scientific
age does not involve a contest asto whether science or classics shall
prevail, for both are indispensable to true education. The real
question is whether schools will undertake the duty of moulding
the minds of boys according to their mental varieties, ~Classics,

1 Judges, viii, 16.

from their structural perfection and power of awakening dormant
faculties, have claims to precedence in education, but they have
none to a practical monopoly. It is by claiming the latter
that teachers sacrifice mental receptivity to a Procrustean
uniformity.

The universities are changing their traditions more rapidly
than the schools. The wia antigua which leads to them is still
broad, though a wia moderna, with branching avenues, is also
open to their honours and emoluments.  Physical science, which
was once neglected, is now encouraged at the universities, As
to the 70 per cent. of boys who leave schools for life-work with-
out going through the universities, are there no growing signs of
discontent which must force a change? The Civil Service, the
learned professions, as well as the army and navy, are now
barred by examinations. Do the boys of our public schools
easily leap over the bars, although some of them have lately
been lowered so as to suit the schools? So difficult are these
bars to scholars that crammers take them in hand before they
attempt the leap ; and this occurs in spite of the large value
attached to the dead languages and the small value placed on
modern subjects, Thus, in the Indian Civil Service examina-
tions, 800 marks as a maximum are assigned to Latin, 600 to
Greek, 500 to chemistry, and 300 to each of the other physical
sciences. But if we take the average working of the system for
the last four years we find that while 68 per cent. of ithe maxi-
mum were given to candidates in Greek and Latin, only 45 per
cent, were accorded to candidates in chemistry, and but 30 per
cent, to the other physical sciences. Schools sending up boys
for competition naturally shun subjects which are dealt with so
hardly and so heavily handicapped by the State.

Passing from learned or public professions to commerce, how
is it that in our great commercial centres, foreigners—German,
Swiss, Dutch, and even Greeks—push aside our English youth
and take the places of profit which belong to them by national
inheritance? How is it that in our colonies, like those in
South Africa, German enterprise is pushing aside English
incapacity? How is it that we find whole branches of manu-
factures, when they depend on scientific knowledge, passing
away from this country, in which they originated, in order to
engraft themselves abroad, although their decaying roots remain
at home?! The answer to these questions is that our systems
of education are still too narrow for the increasing struggle of
life.

Faraday, who had no narrow views in regard to education,
deplored the future of our youth in the competition of the world,
because, as he said with sadness, ‘‘ our schoolboys, when they
come out of school, are ignorant of their ignorance at the end of
all that education.”

The opponents of science education allege that it is not
adapted for mental development, because scientific facts are
often disjointed and exercise only the memory. Those who
argue thus do not know what science is, No doubt an ignorant
or half-informed teacher may present science as an accumulation
of unconnected facts. At all times and in all subjects there are
teachers without wsthetical or philosophical capacity—men who
can only see carbonate of lime in a statue by Phidias or Praxi-
teles ; who cannot survey zoology on account of its millions of
species, or botany because of its 130,000 distinct plants ; men
who can look at trees without getting a conception of a forest,
and cannot distinguish a stately edi%ce from its bricks. To
teach in that fashion is like going to the tree of science with its
glorious fruit in order to pick up a handful of the dry fallen
leaves from the ground. It is, however, true that as science
teaching has had less lengthened experience than that of litera-
ture, its methods of instruction are not so matured. Scientific
and literary teuaching have different methods ; for while the
teacher of literature rests on authority and on books for his
guidance, the teacher of science-discards authority and depends
on facts at first hand, and on the book of Nature for their in-
terpretation. Natural science more and more resolves itself into
the teaching of the laboratory. In this way it can be used as a
powerful means of quickening observation, and of creating a
faculty of induction after the manner of Zadig, the Babylonian
described by Voltaire. Thus facts become surrounded by scien-
tific conceptions, and are subordinated to order and law.

It is not those who desire to unite literature with science who
degrade education ; the degradation is the consequence of the
refusal. A violent reaction—too violent to be wise—has lately

1 See Dr. Perkins’s addres; to the Soc. Chem. Industry, NATURE
August 6, 1855, p. 333
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taken place against classical education in France, where their
own vernacular occupies the position of dead languages, while
Latin and science are given the same time in the curriculum, In
England manufacturers cry out for technical education, in which
classicul culture shall be excluded. In the schools of the middle
classes science rather than technics is needed, because, when the
seeds of science are sown, technics as its fruit will appear at
the appointed time. Epictetus was wise when he told us to
observe that, though sheep eat grass, it is not grass but wool
that grows on their backs. Should, however, our grammar-
schools persist in their refusal to adapt themselves to the needs
of a scientific age, England must follow the example of other
European nations and found new modern schools in competition
with them. For, as Huxley has put it, we cannot continue in
this age *‘ of full modern artillery to turn out our boys to do battle
in it, equ"pped only with the sword and shield of an ancient
gladiator.” In a scientific and keenly competitive age an ex-
clusive education in the dead languages is a perplexing anomaly.
The flowers of literature should be cultivated and gathered,
though it is not wise to send men into our fields of industry to
gather the harvest when they have been taught only to cull the
poppies and to push aside the wheat.

IV. Stience and the Universities.—The State has always felt
bound to alter and improve universities, even when their en-
dowments are so large as to render it unnecessary to support
them by public funds. ‘When universities are poor, Parliament
gives aid to them from imperial taxation. In this country that
aid has been given with a very sparing hand. Thus the univer-
sities and colleges of Ireland have received about 30,000/, an-
nually, and the same sum has been granted to the four univer-
sities of Scotland. Compared with imperial aid to foreign
universities such sums are small. A single German university
like Strassburg or Leipsic receives about 40,000/ annually, or
10,000/. more than the whole colleges of Ireland or of Scot-
land. Strassburg, for instance, has had her university and its
library rebuilt at a cost of 711,000/, and receives an annual
subscription of 43,000/  In rebuilding the University of Strass-
burg eight laboratories have been provided, so as to equip it
fully with the modern requirements for teaching and research.!
Prussia, the most economical nation in the world, spends
391,000/, yearly out of taxation on her universities.

The recent action of France is still more remarkable. After
the Franco-German war the Institute of France discussed the
important question: ‘‘Pourquoi la France n’a pas trouvé
d’hommes supéricurs au moment du péril?” The general
answer was, Because France had allowed university education
to sink to a low ebb. Before the great Revolution Krance had
twenty-three autonomous universities in the provinces. Napo-
leon desired to found one great university at Paris, and he
crushed out the others with the hand of a despot, and re-
modelled the last with the instincts of a drill-sergeant. The
central university sank so low than in 1868 it is said that only
8000/, were spent for true academic purposes. Startled by the
intellectual sterility shown in the war, France has made gigantic
efforts to retrieve her position, and has rebuilt the provincial
colleges at a cost of 3,280,000/, while her annual budget for
their support now reaches half a million of pounds. In order
to open these provincial colleges to the best talent of France,
more than 500 scholarships have been founded at an annual cost
of 30,000/ France now recognises that it is not by the num-
ber of men under arms that she can compete with her great
neighbour Germany, so she has determined to equal her in
intellect. You will understand why it is that Germany was
obliged, even if she had not been willing, to spend such large
sums in order to equip the university of her conquered province,
Alsace-Lorraine. France and Germany are fully aware that
science is the source of wealth and power, and that the only way
of advancing it is to encourage universities to make researches
and to spread existing knowledge through the community.
Other European nations are advancing on the same lines.
Switzerland 1s a remarkable illustration of how a country can
compensate itself for its natural disadvantages by a scientific
education of its people. Switzerland contains neither coal nor
the ordinary raw materials of industry, and is separated from
other countries which might supply them by mountain barriers.
Yet, by a singularly good system of graded schools, and by the

* The cost of these laboratories has been as follows :—Chemical Institute,
35,000/, ; Physical Institute, 28,000/ ; Botanical Institute, 26,000/ ; Ob-
servatory, 25,000/ ; Anatomy, 42,000/ ; Clinical Surgery, 26,000/ ; Physio-
logical Chemistry, 16,000/, } Physiological Institute, 13,900/

great technical college of Zurich, she has become a prosperous
manufacturing country. In Great Britain we have nothing com-
parable to this technical college, either in magnitude or efficiency.
Belgium is reorganising its universities, and the State has [reed
the localities from the charge of buildings, and will in future
equip the universities with efficient teaching resources out of
public taxation. Holland, with a population of 4,000,000 and
a small revenue of 9,000,000/, spends 136,000/ on her four
universities. Contrast this liberality of foreign countries in the
promotion of higher instruction with the action of our own
country. Scotland, like Holland, has four universities, and is
not very different from it in population, but it only receives
30,000/ from the State. By a special clause in the Scotch
Universities Bill the Government asked Parliament to declare
that under no circumstances should the Parliamentary grant be
ever increased above 40,000/ According to the views of the
British Treasury there is a finality in science and in expanding
knowledge.

The wealthy universities of Oxford and Cambridge are
gradually constructing laboratories for science. The merchant
princes of Manchester have equipped their new Victoria Uni-
versity with similar laboratories. Edinburgh and Glasgow
Universities have also done so, partly at the cost of Government
and largely by private subscriptions. The poorer universities of
Aberdeen and St. Andrews are still inefficiently provided with
the modern appliances for teaching science.

London has one small Government college and two chartered
colleges, but is wholly destitute of a teaching university. It
would excite great astonishment at the Treasury if we were to
make the modest request that the great metropolis, with a
population of 4,000,000, should be “put into as efficient
academical position as the town of Strassburg, with 104,000 in-
habitants, by receiving, as that town does, 43,000/, annually for
academic instruction, and 700,000/. for university buildings.
Still, the amazing anomaly that London has no teaching uni-
versity must ere long cease.

It 1s a comforting fact that, in spite of the indifference of
Parliament, the large towns of the kingdom are showing their
sense of the need of higher education. Manchester has already
its university. Nottingham, Birmingham, Leeds, and Bristol
have colleges more or less complete. Liverpool converts a dis-
used lunatic asylum into a college for sane people. Cardiff
rents an infirmary for a collegiate building. Dundee, by private
benefaction, rears a Baxter College with larger ambitions. ~ All
these are healthy signs that the public are determined to have
advanced science teaching, but the resources of the institutions
are altogether inadequate to the end in view. Even in the few
cases where the laboratories are efficient for teaching purposes,
they are inefficient as laboratories for research. Under
these circumstances the Royal Commission on Science advo-
cated special Government laboratories for research. Such labora-
tories, supported by public money, are as legitimate subjects for
expenditure as galleries for pictures or sculpture ; but I think
that they would not be successful, and would injure science if
they failed. It would be safer in the meantime if the State
assisted universities or well-established colleges to found labora-
tories of research under their own care. Even such a proposal
shocks our Chancellor of the Exchequer, who tells us that this
country is burdened with public debt, and has ironclads to build
and arsenals to provide., Nevertheless our wealth is proportion-
ally much greater than that of foreign States which are com-
peting with so much vigour in the promotion of higher education.

hey deem such expenditure to be true economy, and do not
allow their huge standing armies to be an apology for keeping
their people backwards in the march of knowledge. France,
which in the last ten years has been spending a million annually
on university education, had a war indemnity to pay, and
competes successfully with this country in ironclads. Either all
foreign States are strangely deceived in their belief that the
competition of the world has become a competition of intellect,
or we are marvellously unobservant of the change which is
passing over Europe in the higher education of the people.
Preparations for war will not ensure to us the blessings and
security of an enlightened peace. Protective expenditure may
be wise, though productive expenditure is wiser.

"¢ Were half the powers which fill the world with terror,
Were half the wealth bestowed on camps and courts,

Given to redeem the human mind from error—
There were no need of arsenals and forts.

Universities are not mere storehouses of knowledge ; they are
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also conservatories for its cultivation. In Mexico there is a
species of ant which sets apart some of its individuals to act as
honey-jars by monstrously extending their abdomens to store the
precious fluid till it is wanted by the community. Professors in
a university have a higher function, because they ought to make
new honey as well as to store it. The widening of th: bounds
of knowledge, literary or scientific, is the crowning glory of
university life. Germany unites the functions of teaching and
rvesearch in the universities, while France keeps them in separate
institutions. The former system is best adapted to our habits,
but its condition for success is that our science chairs should be
greatly increased so that teachers should not be wholly absorbed
n the duties of instruction.
into various chairs, and gives to the professors special labora-
tories. It also makes it a condition for the higher honours of a
university that the candidates shall give prools of their ability
to make original researches. Undersuch asystem, teaching and
investigation are not incompatible. In the evidence before the
Science Commission many opinions were given that scientific
men engaged in research should not be burdened with the duties
of education, and there is much to be said in support of this
view when a single professor for the whole range of a physical
science is its only representative in a university. But I hope
that such a system will not long continue, for if it do we must
occupy a very inferior position as a nation in the intellectual
competition of Europe. Research and education in limited
branches of higher knowledge are not incompatible. It is true
that Galileo complained of the burden imposed upon him by his
numerous astronomical pupils, though few other philosophers
have echoed this complaint. Newton, who produced order in
worlds, and Dalton, who brought atoms under the reign of order
and number, rejoiced in their pupils. Lalande spread astronomers
as Liebig spread chemists, and Johannes Miiller biologists, all
over the world. Laplace, La Grange, Dulong, Gay Lussac,
Berthollet, and Dumas were professors as well as discoverers in
France. In England our discoverers have generally been teachers,
In fact, I recollect only three notable examples of men who were
not—Boyle, Cavendish, and Joule. It was so in ancient as well
as in modern times, for Plato and Aristotle taught and philo-
sophised. If you do not make the investigator a schoolmaster,
as Dalton was, and as practically our professors are at the present
time, with the duty of teaching all branches of their sciences,
the mere elementary truths as well as the highest generalisations
being compressed into a course, it is well that they should be
brought into contact with the world in which they live, so as to
know its wants and aspirations. They could then quicken the
pregnant minds around them, and extend to others their own
powerand love of research, Goethe had a fine perception of
this when he wrote—

Wer in der Weltgeschichte lebt,
Wer in die Zeiten schaut, und strebt,
Nur der ist werth, zu sprechen und zu dichten:

Our universities are still far from the attainment of a proper
combination of their resources between teaching and research.
Even Oxford and Cambridge, which have done so much in recent
years in the equipment of laboratories and in adding to their
scientific staff, are still far behind a second-class German univer-
sity. The professional faculties of the English universities are
growing, and will diffuse a greater taste for science among their
students, though they may absorb the time of the limited pro-
fessoriate so as to prevent it advancing the boundaries of know-
ledge. Professional faculties are absolatelv essential to the
existence of universities in poor countries like Scotland and
Ireland. This has been the case from the ecarly days of the
Bologna University up to the present time. Originally univer-
sities arose not by mere bulls of popes, but as a response to the
strong.desire of the professional classes to dignify their crafts by
real knowledge. If their education had been limited to mere
technical schools like the Medical School of Salerno which
flourished in the eleventh century, length but not breadth would
have been given to education. So the universities wisely joined
culture to the professional sciences. Poor countries like Scotland
and Ireland must have their academic systems based on the pro-
fessional faculties, although wealthy universities like Oxford and
Cambridge may continue to have them as mere supplements to
a more general education. A greater liberality of support on
the part of the State in the establishment of chairs of science,
for the sake of science and not merely for the teaching of the
professions, would enable the poorer universities to take their
part in the advancement of knowledge.

Germany subdivides the sciences’

I have already alluded to the foundation of new colleges in
different parts of the kingdom. Owens College has worthily
developed into the Victoria University. Formerly she depended
for degrees on the University of London. No longer will she
be like a moon reflecting cold and sickly rays from a distant
luminary, for in future she will be a sun, a centre of intelligence,
warming and illuminating the regions around her. The other
colleges which have formed themselves in large manufacturing
districts are remarkable expressions from them that science must
be promoted. Including the colleges of a high class, such as
University College and King’s College in London, and the three
Queen’s Colleges in Ireland, the aggregate attendance of students
in colleges without university rank is between nine and ten
thousand, while that of the universities is fifteen thousand. No
doubt some of the provincial colleges require considerable im-
provement in their teaching methods ; sometimes they unwisely
aim ata full university curricalum when it would be better for
them to act as faculties.  Still,sthey are all growing in the spirit
of self-help, and some of them are destined, like Owens College,
to develop into universities. This is not a subject of alarm to
lovers of education, while it is one of hope and encouragement
to the great centres of industry. There are too few autonomous
universities in England in proportion to its population. While
Seotland, with a population of 3§ millions, has four universities
with 6500 students, England, with 26 millions of people, has
only the same number of teaching universities with 6000 students.
Unless English colleges have such ambition, they may be turned
into mere mills to grind out material for examinations and compe-
titions. Higher colleges should always hold before their students
that knowledge, for its own sake, is the only object worthy of
reverence. Beyond college life there is a land of research flow-
ing with milk and honey for those who know how to cultivate it.
Colleges should at least show a Pisgah view of this Land of
Promise, which stretches far beyond the Jordan of examinations
and competitions.

V. Science and Industry.—In the popular mind the value of
science is measured by its applications to the useful purposes of
life. It is no doubt true that science wears a beautiful aspect
when she confers practical benefits upon man, But truer rela-
tions of science to industry are implied in Greek mythology.
Vulcan, the god of industry, wooed science, in the form of
Minerva, with a passionate love, but the chaste goddess never
married, although she conferred upon mankind nearly as many
arts as Prometheus, who, like other inventors, saw civilisation
progressing by their use while he lay groaning in want on Mount
Caucasus. The rapid development of industry in modern days
depends on the applications of scientific knowledge, while its
slower growth in former times was due to experiments being
made by trial and error in order to gratify the needs of man,
Then an experiment was less a questioning of Nature than an
exercise on the mind of the experimentalist. For a true ques-
tioning of Nature only arises when intellectual conceptions of
the causes of phenomena attach themselves to ascertained facts
as well as to their natural environments. Much real science
had at one time accumulated in Egypt, Greece, Rome, and
Arabia, though it became obscured by the intellectual darkness
which spread over Europe like a pall for many centuries, The
mental results of Greek science, filtered through the Romans
and Arabians, gradually fertilised the soil of Europe. Even in
ages which are deemed to be dark and unprolific, substantial
though slow progress was made. By the end of the fifteenth
century the mathematics of the Alexandrian school had become
the possession of Western Europe; Arabic numerals, algebra,
trigonometry, decimal reckoning, and an improved calendar
having been added to its stock of knowledge. The old dis-
coveries of Democritus and Archimedes in physics, and of
Hipparchus and Ptolemy in astronomy, were producing their
natural developments, though with great slowness, Many manu-
factures, growing chiefly by experience, and occasionally
lightened up by glimmerings of science throughout the pre-
vailing darkness, had arisen before the sixteenth century. A
knowledge of the properties of bodies, though scarcely of their
relations to each other, came through the labours of the
alchemists, who had a mighty impulse to work; for by the
philosopher’s stone, often not larger than half a rape’s seed, they
hoped to attain the three sensuous conditions of human enjoy-
ment—gold, health, and immortality, By the end of the
fifteenth century many important manufactures were founded
by empirical experiment, with only the uncertain guidance of
science. Among these were the compass, printing, paper, gun-
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powder, guns, watches, forks, knitting-needles, horseshoes, bells,
wood-cutting and copper-engraving, wire-drawing, steel, table
glass, spectacles, microscopes, glass mirrors backed by amalgams
of tin and lead, windmills, crushing and saw mills. These im-
portant manufactures arose from an increased knowledge of facts,
around which scientific conceptions were slowly concreting.
Aristotle defines this as science when he says, ‘‘ Art begins
when, from a great number of experiences, one general concep-
tion is formed which will embrace all similar cases.” Such con-
ceptions are formed only when culture developes the human
mind and compels it to give a rational account of the world in
which man lives, and of the objects in and around it, as well as
of the phenomena which govern their action and evolution.
Though the accumulation of facts is indispensable to the growth
of science, a thousand facts are of less value to human progress
than is a single one when it is scientifically comprehended, for
it then becomes generalised in all similar cases. Isolated facts
may be viewed as the dust of science. The dust which floats in
the atmosphere is to the common observer mere incoherent
matter in a wrong place, while to the man of science it is all-
important when the rays of heat and light act upon its floating

articles. It is by them that clouds and rains are influenced ; it
is by their selective influence on the solar waves that the blue
of the heavens and the beauteous colours of the sky glorify all
Nature. = So, also, ascertained though isolated facts, forming the
dust of science, become the reflecting media of the light of
knowledge, and cause all Nature to assume a new aspect, It is
with the light of knowledge that we are enabled to question
Nature through direct experiment. The hypothesis or theory
which induces us to put the experimental question may be right
or wrong ; still, prudens questio dimidium scientie est—it is half
way to knowledge when you know what you have to inquire.
Davy described hypothesis as the mere scaffolding of science,
useful to build up true knowledge, but capable of being put up
or taken down at pleasure. Undoubtedly a theory is only tem-
porary, and the reason is, as Bacon has said, that the man of
science ‘‘loveth truth more than his theory,” The changing
theories which the world despises are the leaves of the tree of
science drawing nutriment to the parent stems, and enabling it
to put forth new branches and to produce fruit ; and though the
leaves fall and decay, the very products of decay nourish the
roots of the tree and reappear in the new leaves or theories which
succeed.

When the questioning of Nature by intelligent experiment has
raised a system of science, then those men who desire to apply
it to industrial inventions proceed by the same methods to make
rapid progress in the arts. They also must have means to
compel Nature to reveal her secrets. Aineas succeeded in his
great enterprise by plucking a golden branch from the tree of
science. Armed with this even dread Charon dared not refuse
a passage across the Styx ; and the gate of the Elysian fields was
unbarred when he hung the branch on its portal. Then new
aspects of Nature were revealed—

¢ Another sun and stars they know
That shine like ours, but shine below.”
It is by carrying such a golden branch from the tree of science
that inventors are able to advance the arts. In illustration of
how slowly at first and how rapidly afterwards science and its
applications arise, I will take only two out of thousands of
examples which lie ready to my hand.  One of the most familiar
instances is air, for that surely should have been soon understood
if man’s unaided senses are sufficient for knowledge. Air has
been under the notice of mankind ever since the first man drew
his first breath, It meets him at every turn; it fans him with
gentle breezes, and it buffets him with storms. And yet it is
certain that this familiar object—air—is very imperfectly under-
stood up to the present time. We now know by recent re-
searches that air can be liquefied by pressure and cold ; but as
a child still looks upon air as nothing, so did man in his early
state. A vessel filled with air was deemed to be empty. But
man, as soon as he began to speculate, felt the importance of
air, and deemed it to be a soul of the world upon which
the respiration of man and the god-like quality of fire de-
pended. Vet a really intelligent conception of these two
essential conditions to man’s existence—respiration and com-
bustion—was not formed till about a century ago (1775).
No doubt long before that time there had been abundant
speculations regarding air.  Anaximenes, 548 years before
Christ, and Diogenes of Apollonia, a century later, studied
the properties of air so far as their sentes would allow

them ; so, in fact, did Aristotle. Actual scientific experiments
were made on air about the year 1100 by a remarkable Saracen,
Alhazen, who ascertained important truths which enabled
Galileo, Torricelli, Otto de Guericke, and others at a later
period to discover laws leading to important practical applica-
tions,  Still there was no intelligent conception as to the com-
position of air until Priestley in 1774 repeated, with the light of
science, an empirical observation which Eck de Sulbach had
made 300 years before upon the union of mercury with an in-
gredient of air and the decomposition of this compound by heat.
This experiment now proved that the active element in air is
oxygen. From that date our knowledge, derived from an in-
telligent questioning of air by direct experiments, has gone on
by leaps and bounds. The air, which mainly consists of nitro-
gen and oxygen, is now known to contain carbonic acid,
ammonia, nitric acid, ozone, besides hosts of living organisms
which have a vast influence for good or evil in the economy of
the world. These micro-organisms, the latest contribution to
our knowledge of air, perform great analytical functions in
organic nature, and are the means of converting much of its
potential energy into actual energy. Through their action on
dead matter the mutual dependence of plants and animals is
secured, so that the air becomes at once the grave of organic
death and the cradle of organic life. No doubt the ancients
suspected this without being able to prove the dependence.
Euripides seems to have seen it deductively when he describes
the results of decay :—
“ Then that which springs from earth, to earth returns,
And that which draws its being from the sky
Rises again up to the skyey height.”

The consequences of the progressive discoveries have added
largely to our knowledge of life, and have given a marvellous
development to the industrial arts. Combustion and respiration
govern a wide range of processes. The economical use of fuel,
the growth of plants, the food of animals, the processes of hus-
bandry, the maintenance of public health, the origin and cure of
disease, the production of alcoholic drinks, the processes of
making vinegar and saltpetre—all these and many other kinds
of knowledge have been brought under the dominion of law. No
doubt animals respired, fuel burned, plants grew, sugar fer-
mented, before we knew how they depended upon air. But as
the knowledge was empirical it could not be intelligently
directed. Now all these processes are ranged in order under a
wise economy of Nature, and can be directed to the utilities of
life ; for it is true, as Swedenborg says, that human ‘‘ends
always ascend as Nature descends.” There is scarcely a large
industry in the world which has not received a mighty impulse
by the better knowledge of air acquired within a hundred years.
If I had time I could show still more strikingly the industrial
advantages which have followed from Cavendish’s discovery of
the composition of water. I wish that I could have done this,
because it was Addision who foolishly said, and Paley who as
unwisely approved the remark, ‘that mankind required to
know no more about water than the temperature at which it
froze and boiled, and the mode of making steam.”

When we examine the order of progress in the arts, even
before they are illumined by science, their improvements seem
to be the resultants of three conditions :

(1) The substitution of natural forces for brute animal power,
as when Hercules used the waters of the Alpheus to cleanse the
Augean stables ; or when a Kamchadal of Eastern Asia, who
has been three years hollowing out a canoe, finds that he can do
it in a few hours by fire.

(2) The economy of time, as when a calendering machine
produces the same gloss to miles of calico that an African savage
gives to a few inches by rubbing it with the shell of a snail ; or
the economy of production, as when steel pens, sold when first
introduced at one shilling apiece, are now sold at a penny per
dozen ; or when steel rails, lately costing 45/ per ton, can now
be sold at 57 -

(3) Methods of utilising waste ‘products, or of endowing them
with properties which render them of increased value to industry,
as when waste scrap iron and the galls on the oak are converted
intoink ; or the badly-smelling waste of gasworks is transformed
into fragrant essences, brilliant dyes, and fertilising manure ; or
when the effete matter of animals or old bones is changed into
lucifer-matches.

All three results are often combined when a single end is
obtained—at all events, economy of time and production in-
variably follows when natural forces substitute brute animal
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force. In industrial progress the sweat of the brow is lessened
by the conceptions of the brain, How exultant is the old Greek
poet, Antipater,’ when women are relieved of the drudgery of
turning the grindstones for the daily supply of corn. ¢ Woman !
you who have hitherto had to grind corn, let your arms rest for
the future. It is no longer for you that the birds announce by
their songs the dawn of the morning. Ceres has ordered the
water-nymphs to move the heavy millstones and perform your
labour.” Penelope had twelve slaves to grind corn for her small
household. During the most prosperous time of Athens it was
estimated that there were twenty slaves to each free citizen.
Slaves are mere machines, and machines neither invent nor
discover. The bondmen of the Jews, the helots of Sparta, the
captive slaves of Rome, the serfs of Europe, and uneducated
labourers of the present day who are the slaves of ignorance,
have added nothing to human progress. But as natural forces
substitute and become cheaper than slave labour, liberty follows
advancing civilisation, Machines require educated superin-
tendence. One shoe factory in Boston by its machine does the
work of thirty thousand shoemakers in Paris who have still to
go through the weary drudgery of mechanical labour. The
steam power of the world, during the last twenty years, has
risen from 114 million to 29 million horse-power, or 152 per
cent.

Let me take a single example of how even a petty manu-
facture improved by the teachings of science affects the comforts
and enlarges the resources of mankind. When I was a boy the
only way of obtaining a light was by the tinder-box, with its
quadruple materials, flint and steel, burnt rags or tinder, and a
sulphur match. If everything went well, if the box could be
found and the air was dry, a light could be obtained in two
minutes ; but very often the time occupied was much longer,
and the process became a great trial to the serenity of temper.
The consequence of this was that a fire or a burning lamp was
kept alight through the day. Old Gerard, in his herbal, tells us
how certain fungi were used to carry fire from one part of the
country to the other. The tinder-box long held its position as
a great discovery in the arts, The Pyxidicula igniaria of the
Romans appears to have been much the same implement,
though a little ruder, than the flint and steel which Philip the
Good put into the collar of the Golden Fleece in 1429 as a repre-
sentation of high knowledge in the progress of the arts. It con-
tinued to prevail till 1833, when phosphorus matches were
introduced, though I have been amused to find that there are a
few venerable ancients in London who still stick to the tinder
box and for whom a few shops keep a small supply. Phosphorus
was no new discovery, for it had been obtained by an Arabian
called Bechel in the eighth century. HHowever it was forgotten,
and was rediscovered by Brandt, who made it out of very
stinking materials in 1669, Other discoveries had, however, to
be made before it could be used for lucifer matches. The science
of combustion was only developed on the discovery of oxygen a
century later. Time had to elapse before chemical analysis
showed the kind of bodies which could be added to phosphorus
so as to make it ignite readily. So it was not till 1833 that
matches became a partial success. Intolerably bad they then
were, dangerously inflammable, horribly poisonous to the
makers, and injurious to the lungs of the consumers. It required
another discovery, by Schrotter in 1845, to change poisonous
waxy into innocuous red-brick phosphorus in order that these
defects might be remedied, and to give us the safety-match of
the present day. Now what have these successive discoveries in
science done for the nation, in this single manufacture, by an
economy of time? If before 1833 we had made the same
demands for light that we now do, when we daily consume
eight matches per head of the population, the tinder-box could
have supplied the demand under the most favourable conditions
by an expenditure of one quarter of an hour. The lucifer-match
supplies a light in fifteen seconds on each occasion, or in two
minutes for the whole day. Putting these differences into a year
the venerable ancient who still sticks to his tinder-box would
require to spend ninety hours yearly in the production of light,
while the user of lucifer-matches spends twelve hours ; so that
the latter has an economy of seventy-eight hours yearly, or
about ten working days. Measured by cost of production at one
shilling and sixpence daily, the economy of time represented in
money to our population is twenty-six millions of pounds
annually. This is a curious instance of the manner in which
science leads to economy of time and wealth even in a small

¥ *¢Analecta Veterum Gracorum,” Epig. 39, vol. ii. p, 119.

manufacture. In larger industries the economy of time and labour
produced by the application of scientific discoveries is beyond
all measurement. Thus the discovery of latent heat by Black
led to the inventions of Watt ; while that of the mechani_cal
equivalent of heat by Joule has been the basis of the progressive
improvements in the steam-engine which enables power to be
obtained by a consumption of fuel less than one-fourth the
amount used twenty years ago. It may be that the engines of
Watt and Stephenson will yield in their turn to more economical
motors ; still they have already expanded the wealth, resources,
and even the territories of England more than all the battles
fought by her soldiers or all the treaties negotiated by her
diplomatists.

The coal which has hitherto been the chief source of power
probably represents the product of five or six million years
during which the sun shone upon the plants of the Carboniferous
period, and stored up its energy in this convenient form. But
we are using this conserved force wastefully and prodigally ; for
although horse power in steam-engines has so largely increased
since 1864, two men only now produce what three men did at
that date. It is only three hundred years since we became a
manufacturing country. According to Prof. Dewar, in less than
two hundred years more the coal of this country will be wholly
exhausted, and in half that time will be difficult to procure.
Our not very distant descendants will have to face the problem
—What will be the condition of England without coal? The
answer to that question depends upon the intellectual develop-
ment of the nation at that time. The value of the intellectual
factor of production is continually increasing ; while the values
of raw material and fuel are lessening factors. It may be that
when the dreaded time of exhausted fuel has arrived, its impor-
tation from other coal-fields, such as those of New South Wales,
will be so easy and cheap, that the increased technical education
of our operatives may largely over-balance the disadvantages of
increased cost in fuel. But this supposes that future Govern-
ments in Ingland will have more enlightened views as to the
value of science than past Governments have possessed.

Industrial applicationsare but the overflowings of science welling
over from the fulness of its measure, Few would ask now, as
was constantly done a few years ago, ‘‘ What is the use of an
abstract discovery in science?” Faraday once answered this
question by another, ¢ What is the use of a baby?” Yet
around that baby centre all the hopes and sentiments of his
parents, and even the interests of the State, which interferes in
its upbringing so as to ensure it being a capable citizen. The'
processes of mind which produce a discovery or an invention are
rarely associated in the same person, for while the discoverer
seeks to explain causes and the relations of phenomena, the
inventor aims at producing new effects, or at least of obtaining
them in a novel and efficient way. In this the inventor may
sometimes succeed without much knowledge of science, though
his labours are infinitely more productive when he understands
the causes of the effects which he desires to produce.

A nation in its industrial progress, when the competition of the
world is keen, cannot stand still. Three conditions only are
possible for it. It may go forward, retrograde, or perish, Its
extinction as a great nation follows its neglect of higher educa-
tion, for, as described in the proverb of Solomon, ‘‘ They that
hate instruction love death.” 1In sociology, as in biology, there
are three states. The first of balance, when things grow neither
better nor worse ; the second that of elaboration or evolution, as
we see it when animals adapt themselves to their environments ;
and third, that of degeneration, when they rapidly lose the
ground they have made. For a nation, a state of balance is
only possible in the early stage of its existence, but it is im-
possible when its environments are constantly changing.

The possession of the raw materials of industry and the exist-
ence of a surplus population are important factors for the growth
of manufactures in the early history of a nation, but afterwards
they are bound up with another factor—the application of
intellect to their development. England could not be called a
manufacturing nation till the Elizabethan age. No doubt coal,
iron, and wood were in abundance, though, in the reign of the
Plantagenets, they produced little prosperity. Wool was sent
to Flanders to be manufactured, for England then stood to
Holland as Australia now does to Yorkshire. The political
crimes of Spain, from the reign of Ferdinand and Isabella to
that of Philip I1I., destroyed it as a great manufacturing nation,
and indirectly led to Ingland taking its position. Spain,

i through the activity and science of the Arabian intellect, had
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acqu'ired many important industries, The Moors and the
Moriscoes, who had been in Spain for a period as long as from
the Norman Conquest of this country to the present date, were
banished, and with them departed the intellect of Spain. ~ Then
the invasion of the Low Countries by Philip II. drove the
Flemish manufacturers to England, while the French persecu-
tion of the Huguenots added new manufacturing experience, and
with them came the industries of cotton, wool, and silk.
Cotton mixed with linen and wool became freely used, but it was
only from 1738 to the end of the century that the inventions of
Wyatt, Arkwright, Hargreaves, Crompton, and Cartwright started
the wonderful modern development. The raw cotton was im-
ported from India or America, but that fact as regards cost was
a small factor in comparison with the intellect required to convert
it into a utility, Science has in the last hundred years altered
altogether the old conditions of industrial competition, She has
taught the rigid metals to convey and record our thoughts even
to the most distant lands, and, within less limits, to reproduce
our speech.  This marvellous application of electricity has
diminished the cares and responsibilities of Governments, while
it has at the same time altered the whole practice of commerce.
To England steam and electricity have been of incalculable
advantage. The ocean, which once made the country insular
and isolated, is now the very life-blood of England, and of
the greater England beyond the seas. As in the human body
the blood bathes all its parts, and through its travelling corpuscles
carries force to all its members, so in the body politic of England
and its pelasgic extensions, steam has become the circulatory and
electricity the nervous system. The colonies, being young
countries, value their raw materials as their chief sources of
wealth, When they become older they will discover that it is
not in these, but in the culture of scientific intellect, that their
future prosperity depends. Older nations recognise this as the
law of progress more than we do; or, as Jules Simon tersely

uts it—*‘ That nation which most educates her people will
hecome the greatest nation, if not to-day, certainly to-morrow.”
Higher education is the condition of higher prosperity, and the
nation which neglects to develope the intellectual factor of pro-
duction must degenerate, for it cannot stand still. If we felt
compelled to adopt the test of science given by Comte, that its
value must be measured by fecundity, it might be prudent to
claim industrial inventions as the immediate fruit of the tree of
science, though only fruit which the prolific tree has shed. But
the test is untrue in the sense indicated, or rather the fruit,
according to the simile of Bacon, is like the golden apples
which Aphrodite gave to the suitor of Atalanta, who lagged in
his course by stooping to pick them up, and so lost the race.
The true cultivators of the tree of science must seek their own
reward by seeing it flourish, and let others devote their attention
to the possible practical advantages which may result from their
labours.

There is, however, one intimate connection between science
and industry which I hope will be more intimate as scientific
education becomes more prevalent in our schools and universi-
ties. Abstract science depends on the support of men of leisure,
either themselves possessing or having provided for them the
means of living without entering into the pursuits of active
industry. The pursuit of science requires a superfluity of wealth
in a community beyond the needs of ordinary life. Such super-
fluity is also necessary for art, though a picture or a statue is a
saleable commodity, while an abstract discovery in science has
no immediate, or, as regards the discoverer, proximate com-
mercial value. In Greece, when philosophical and scientific
speculation was at its highest point, and when education was
conducted in its own vernacular and not through dead languages,
science, irdustry, and commerce were actively prosperous.
Corinth carried on the manufactures of Birmingham and
Sheffield, while Athens combined those of Leeds, Staffordshire,
and London, for it had woollen manufactories, potteries, gold
and silver work, as well as shipbuilding. Their philosophers
were the sons of burghers, and sometimes carried on the trades
of their fathers, Thales was a travelling oil merchant, who
brought back science as well as oil from Egypt. Solon and his
great descendant Plato, as well as Zeno, were men of commerce.
Socrates was a stonemason ; Thucydides a gold-miner ; Aristotle
kept a druggist’s shop until Alexander endowed him with the
wealth of Asia. All but Socrates had a superfluity of wealth,
and he was supported by that of others, Now, if our universi-
ties and schools created that love of science which a broad edu-
cation would surely inspire, our men of riches and leisure who

advance the boundaries of scientific knowledge could not be
counted on the fingers as they now are, when we think of Boyle,
Cavendish, Napier, Lyell, Murchison, and Darwin, but would
be as numerous as our statesmen and orators. Statesmen, with-
out a following of the people who share their views and back
their work, would be feeble indeed. But while England has
never lacked leaders in science, they have two few followers to
risk a rapid march. We might create an army to support our
generals in science, as Germany has done, and as France is now
doing, if education in this country would only mould itself to
the needs of a scientific age. It is with this feeling that Horace
Mann wrote : “ The action of the mind is like ithe action of
fire : one billet of wood will hardly burn alone, though as dry as
the sun and north-west wind can make it, and though placed in
a current of air; ten such billets will burn well together, but a
hundred will create a heat fifty times as intense as ten—will
make a current of air to fan their own flame, and consume even
greenness itself.”

VI. Abstract Science the Condition for Progress.—The subject
of my address has been the relations of science to the public
weal. That is a very old subject to select for the year 188s.
I began it by quoting the words of an illustrious prince, the
consort of our Queen, who addressed us on the same subject
from this platform twenty-six years ago. But he was not the
first prince who saw how closely science is bound up with the
wellare of States. Ali, the son-in-law of Mahomet, the fourth
successor to the Caliphate, urged upon his followers that men of
science and their disciples give security to human progress. Ali
loved to say, ‘‘ Eminence in science is the highest of honours,”
and *‘ He dies not who gives life to learning.”” In addressing
you upon texts such as these my purpose was to show how un-
wise it is for England to lag in the onward march of science
when most other European Powers are using the resources of
their States to promote higher education and to advance the
boundaries of knowledge. English Governments alone fail to
grasp the fact that the competition of the world has become a
competition in intellect. Much of this indifference is due to our
systems of education. I have ill fulfilled my purpose if, in
claiming for science a larger share in public education, I have in
any way depreciated literature, art, or philosophy, for every sub-
ject which adds to culture aids in human development. I only
contend that in public education there should be a free play to
the scientific faculty, so that the youths who possess it should
learn the richness of their possession during the educative pro-
cess. The same faculties which make a man great in any walk
of life—strong love of truth, high imagination tempered by
judgment, a vivid memory which can co-ordinate other facts
with those under immediate consideration—all these are quali-
ties which the poet, the hilosopher, the man of literature, and
the man of science equalry require and should cultivate through
all parts of their education as well as in their future careers.
contention is that science should not be practically shut out from
the view of a youth while his education is in progress, for the
public weal requires that a large number of scientific men should
belong to the community. This is necessary because science has
impressed its character upon the age in which we live, and, as
science is not stationary, but progressive, men are required to
advance its boundaries, acting as pioneers in the onward march
of States. Human progress is so identified with scientific
thought, both in its conception and realisation, that it seems as
if they were alternative terms in the history of civilisation. In
literature, and even in art, a standard of excellence has been
attained which we are content to imitate because we have been
unable to surpass. But there is no such standard in science.
Formerly, when the dark cloud was being dissipated which had
obscured the learning of Greece and Rome, the diffusion of
literature or the discovery of lost authors had a marked influence
on advancing civilisation, Now, a Chrysoloras might teach
Greek in the Italian universities without hastening sensibly the
onward march of Italy; a Poggio might discover copies of
Lucretius and Quintilian without exercising a tithe of the influ-
ence on modern life that an invention by Stephenson or Wheat-
stone would produce, Nevertheless, the divorce of culture and
science, which the present state of education in this country
tends to produce, is deeply to be deplored, because a cultured
intelligence adds greatly to the development of the scientific
faculty. My argument is that no amount of learning without
science suffices in the present state of the world to put us in a
position which will enable England to keep ahead or even on a
level with foreign nations asregards knowledgeand itsapplications
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to the utilities of life. Take the example of any man of
learning, and see how soon the direct consequences resulting
from it disappear in the life of a nation, while the discoveries of
a man of science remain productive amid all the shocks of
empire. As I am in Aberdeen I remember that the learned
Dutchman Erasmus was introduced to England by the en-
couragement which he received from IHector Boece, the Prin-
cipal of King’s College in this University. Vet even in the
case of Erasmus—who taught Greek at Cambridge and did so
much for the revival of classical literature as well as in the pro-
motion of spiritual freedom—how little has civilisation to ascribe
to him in comparison with the discoveries of two other Cam-
bridge men, Newton and Cavendish. The discoveries of New-
ton will influence the destinies of mankind to the ¢nd of the
world. When he established the laws by which the motions of
the great masses of matter in the universe are governed, he
conferred an incalculable benefit upon the intellectual develop-
ment of the human race. No great discovery flashes upon the
world at once, and therefore Pope’s lines on Newton are only a
poetic fancy :—
“Nature and Nature’s laws lay hid in night,
God said, ‘ Let Newton be,” and all was light."”
No doubt the road upon which he travelled had been long in
preparation by other men. The exact observations of Tycho
Brahe, coupled with the discoveries of Copernicus, Kepler, and
Galileo had already broken down the authority of Aristotle and
weakened that of the Church. But though the conceptions of
the universe were thus broadened, mankind had not yet rid
themselves of the idea that the powers of the universe were still
regulated by spirits or special providences. Even Kepler moved
the planets by spirits, and it took some time to knock these
celestial steersmen on the head. Descartes, who really did so
n.uch by his writings to force the conclusion that the planetary
movements should be dealt with as an ordinary problem in
mechanics, looked upon the universe as a machine, the wheels
of which were kept in motion by the unceasing exercise of a
divine power. Vet such theories were only an attempt to regu-
late the universe by celestial intelligences like our own, and by
standards within our reach. It required the discovery of an all-
pervading Jaw, universal throughout all space, to enlarge the
thoughts of men, and one which, while it widened the concep-
tions of the universe, reduced the earth and solar system to true
dimensions. It is by the investigation of the finite on all sides
that we obtain a higher conception of the infinite—
“Willst du ins Unendliche schreiten,
Geh nur im Endlichen nach allen Seiten.”
Ecclesiastical authority had been already undermined by earnest
inquirers, such as Wycliffe and Huss, before Luther shook the
pillars of the Vatican, They were removers of abuses, but
were confined within the circles of their own beliefs. Newton’s
discovery cast men’s minds into an entirely new mould, and
levelled many barriers to human progress. This intellectual
result was vastly more important than the practical advantages
of the discovery. It is true that navigation and commerce
mightily benefited by our better knowledge of the motions of
the heavenly bodies. Still these benefits to humanity are in-
compardbly less in the history of progress than the expansion of
the human intellect which followed the withdrawal of the cramps
that confined it. Truth was now able to discard authority, and
marched forward without hindrance. Before this point was
reached Bruno had been burned, Galileo had abjured, and both
Copernicus and Descartes had kept back their writings for fear
of offending the Church.

The recent acceptance of evolution in biology has had a like
effect in producing a far profounder intellectual change in human
thought than any mere impulse of industrial development,
Already its application to sociology and education is recog-
nised, but that is of less import to human progress than the
broadening of our views of Nature.

Abstract discovery in science is then the true foundation upon
which the superstructure of modern civilisation is built ; and
the man who would take part in it should study science, and, if
he can, advance it for its own sake and not for its applications.
Ignorance may walk in the path lighted by advancing know-
ledge, but she is unable to follow when science passes her, for,
like the foolish virgin, she has no oil in her lamp.

An established truth in science is like the constitution of an
atom in matter—something so fixed in the order of things that
it has become independent of further dangers in the struggle for
existence, The sum of such truths forms the intellectual treasure

which descends to each generation in hereditary succession:
Though the discoverer of a new truth is a benefactor to humanity,
he can give little to futurity in comparison with the wealth ©
knowledge which he inherited from the past. We, in our
generation, should appreciate and use our great possessions—

* For me your tributary stores combine,
Creation’s heir j the world, the world is mine.”

SECTION A.
MATHEMATICAL AND PHYSICAL SCIENCE.

OPENING ADDRESS BY PROF. G. CHRYSTAL, M.A., F.R.8.E.,
PRESIDENT OF THE SECTION,

WHEN a man finds himself unexpectedly in some unusual
situation his first impulse is to look around and see how others
have done in like circumstances. I have accordingly run through
the addresses of my predecessors in the honourable office of
president of Section A, which is fated this year to be filled some-
what unworthily. This examination has, I am bound to say,
comforted me not a little. I have found precedents for all kinds
of addresses, long and short, even apparently for none at all.
The variety of subjects is also suggestive of great latitude. 1
have found reviews of the progress of mathematical and physical
science, discussions of special scientific subjects, dissertations on
the promotion of scientific research, and on the teaching and
diffusion of science, all chosen in their turn for the subjects of
this opening address.

Following some of the most eminent of my forerunners, T pro-
pose to be brief ; following the last of them, Prof. Henrici,
I shall take for my subject, so far as T have one, the Diffusion of
Scientific Knowledge, Apart from the fact that Prof. Henrici’s
address greatly interested me, and that I find many of his con-
clusions in agreement with the results of my own experience, and
that, therefore, T wish to second him with all my power, T have
other reasons for this choice, For more than half the year Tam
employed with absolute continuity in teaching mathematics, and
it has happened for the last eight years or so that the other half
has been mainly occupied in a variety of ways with science-
teaching generally. This is the thing concerning which T have
had most experience, and I hold it to be the most respectful
course towards my audience to speak to them on the subject that
I know best.

Ever since I began to study science I have been deeply in-
terested in the question of how it could best be taught. I believe
my meditations in that direction were awakened by some un-
successful boyish efforts to apply to the satisfaction of a plough-
man, who was my friend and confidant, certain principles of
natural philosophy to explain the action of his plough. Wisely
and unwisely I have always been ardent about the improvement
of scientific teaching. I was so long before I dreamt that I should
one day be called upon to put my ideas through the cold ordeal
of practice. It would not be becoming that I should speak at
any time, more particularly to-day, regarding the success of my
own efforts, or even regarding my alternate fits of hopefulness
and despair. It is enough to say that, in such a cause,

‘“"Iis better to have loved and lost,

Than never to have loved at all.”

The British Association, by its title, exists for the advancement
of science. Now, I hold that one of the essential conditions for
that advancement is the existence of a scientific public—a public,
like the Athenians of old, eager to hear and tell of some new
truth ; eager to discuss and eager to criticise ; ready to appreciate
what is novel ; to receive it if sound, to reject it if unsound. It
is to such a public that the British Association appeals, and
certainly in the past it has not found its public wanting in
generosity. What I should wish to see is less of mere friendly
onlooking and more participation in the dance.

I am not speaking now merely of a professional public, such
as is so prominent in Germany for instance, made up of teachers
and others professionally concerned with science, I refer mainly
to that amateur but truly expert public which has always been so
honourable a feature of English science, as examples of which I
may mention Boyle and Cavendish in former days, and Joule
and Spottiswoode in our own. It is quite true that much of that
scientific public came in days of yore from the leisured class,
whose ratio to the rest of the nation will not improbably decrease
in the course of our social development, I think, however, that
the loss we may thus sustain will be more than compensated by
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the continual increase of those who have received higher educa”
tion of some kind or other, and whose daily occupations give
them an interest, direct or indirect, in one or more branches of
science.

It may not be amiss to insist for a little on the advantages to
science of a great body of men unofficially engaged in scientific
research, in writing regarding science, or even in merely turning
scientific matter over in their minds. It will not have escaped
the notice of those among you who have studied the history of
science, that few scientific ideas spring up suddenly without
previous trace or history. It is perfectly true that in many cases
some mind of unwonted breadth and firmness is required to
formulate the new doctrine, and carry it to manifold fraition ;
but a close examination always shows that the sprite was in the
air before the Prospero came to catch him. It is very striking to
notice, in the history of Algebra for instance, long periods in
which great improvements were effected in the science, which
cannot be traced to any individual, but seem to have been due
merely to the working of the minds of scientific men generally
upon the matter, one giving it this little turn, another that, in the
main always for the better. Like every other thing that has the
virtue of truth in it, science grows as it goes, not like the idie
gossiping tale by the casual accretion of heterogeneous matter,
but by the chemical combination of pure element with pure
element in reasonable proportion.

I know of no greater advantage for science than the existence
of an army of independent workers sufficiently enlightened for
self-criticism, who shall test the results and theories of their day.
Great and indispensable as are the uses of professional schools
of scientific workmen, they are open to one great and insidious
danger. The temptation there to swear by the word of the
master is often irresistible. Not to speak of its being often the
veadiest avenue to famz and profit, it is the perfectly natural
consequence of the contact of smaller mind with greater.

There are few things where the want of an enlightened
scientific public strikes an expert more than the matter of scientific
text-books. - If the British public were educated as it ought to
be, publishers would not be able to palm off upon them in this
guise the ill-paid work of fifth-rate workmen so often as they do;
nor would the scientific articles and reviews in popular journals
and magazines so often be writt2n by men so palpably ignorant
of their subject.

We all have a great respect for the integrity of our British
legislators, whatever doubts may haunt us occasionally as to their
capacity in practical affairs. The ignorance of many of them
regarding some of the most elementary facts that bear on every-
day life 1s very surprising. Scientifically speaking, uneducated
themselves, they seem to think that they will catch the echo of
a fact or the solution of an arithmetical problem by putting their
ears to the sounding-shell of uneducated public opinion. When
I observe the process which many such people employ for arriving
at what they consider trath, I often think of a story I once heard
of an eccentric German student of chemistry, This gentleman
was idle, but, like all his nation, systematic. When he had a
precipitate to weigh, instead of resorting to his balance, he would
go the round of the laboratory, hold up the test-tube before each
of his fellow-students in turn, and ask him to guess the weight.
He then set down all the replies, took the average, and entered
the result in his analysis.

I will not take up your time in insisting upon the necessity of
the diffusion of science among that large portion of the public
who are, or ought to be, appliers of scientific knowledge to prac-
tical life. That part of my theme is so obvious, and has been of
late so much dwelt upon, that I may pass it by, and draw your
attention to another place in which the shoe pinches. All of you
who have taken any practical interest in the organisation of our
educational institutions must be aware of the great difficulty in
securing the services of non-professional men of sufficient scien-
tific knowledge to act on School Boards, and undertake the
direction of our higher schools. It is no secret among those who
carefully watch the course of the times in these matters that our
present organisation is utterly insufficient ; that it has not solved,
and shows every day less likelihood of solving, the problems of
higher education. This arises, to a great extent, from the fact
that a scientifically educated public of the extent presupposed by
the organisation really does not at present exist.

If the existence of a great scientific public be as important as
I think I have shown it to be, it must be worth while to devote
a few moments to the consideration of the means we adopt to
produce it both in the rising and in the risen generation,

It would naturally be expected that we should look carefully
to the scientific education of our youth, to see that the best men
and the best means that could be had were devoted to it ; that
we should endeavour to make for them a broad straight road to
the newest and best of our scientific ideas ; that we should exer-
cise them when young on the best work of the greatest’masters ;
familiarise them early with the great men and the great feats of
science, both of the past and of the present ; that we should avoid
retarding their progress by making the details and illustrations or
particular rules and methods end in themselves. Granting that
it is impossible to bring every learner within reach of the fallest
scientific knowledge of his time, it would surely be reasonable to
take care that the little way we lead him should not be alony
some devious by-path, but towards some eminence from which
he might at least see the promised land. The end of all scien-
tific training of the great public I take to be, to enable each
member of it to look reason and nature in the face, and judge for
himgelf what, considering the circumstances of his day, may be
known, and not be deceived regarding what must to him remain
unknown. If this be so, surely the ideal of scientific education
which I have sketched is the right one : yet it is most certainly
not the ideal of our present system of instruction, To attain
conviction on that head it is sufficient to examine the text-books
and examination papers of the day.

Let us confine ourselves for the present to the most elementary
of all the exact sciences, viz., geometry and algebra. These two,
although among the oldest, are, as Professor Cayley very justly
reminded the Association last year, perhaps the most progressive
and promising of all the sciences. Great names of antiquity are
associated with them, and in modern times an army of men of
genius have aided their advance. Moreover, it cannot be said
that this advance concerns the higher parts of these sciences
alone. On the contrary, the discoveries of Gauss, Lobat-
schewsky, and Riemann, and of Poncelet, Mdbius, Steiner,
Chasles, and Von Standt, in geometry, and the labours of De
Morgan, Hamilton, and Grassman, not to mention many others,
in algebra, have thrown a flood of light on the elements of both
these subjects. What traces of all this do we find in our school
books ? To be sure antiguity is stamped upon our geometry, for
we use the text-book of Euclid, which is some two thousand years
old ; but where can we point to the influence of medern progress
in our geometrical teaching ? For our teaching of algebra, I am
afraid, we can claim neither the sanction of antiquity nor the
light of modern times. Whether we look at the elementary, or
at what is called the higher teaching of this subject, the result is
unsatisfactory, ~ With respect to the former, my experience
justifies the criticism of Professor Henrici ; and I have no doubt
that the remedy he suggests would be effectual. In the higher
teaching, which interests me most, I have to complain of the
utter neglect of the all-important notion of algebraic form. I
found, when I first tried to teach University students co-ordinate
geometry, that I had to go back and teach them algebra over
again, The fundamental idea of an integral function of a cer-
tain degree, having a certain form and so many coefficients, was
to them as much an unknown quantity as the proverbial x. I
found that their notion of higher algebra was the solution of
harder and harder equations, The curious thing is that many
examination candidates, who show great facility in reducing ex-
ceptional equations to quadratics, appear not to have the remotest
idea beforehand of the number of solutions to be expected ; and
that they will very often produce for you by some fallacious
mechanical process a solution which is none at all. In short,
the logic of the subject, which, both educationally and scienti-
fically speaking, is the most important part of it, is wholly
neglected. The whole training consists in example grinding.
What should have been merely the help to attain the end has
become the end itself. The result is that algebra, as we teach
it, is neither an art nor a science, but an ill-digested farrago of
rules, whose object is the solution of examination problems.

The history of this matter of problems, as they are called,
illustrates in a singularly instructive way the weak point of our
English system of education. They originated, I fancy, in the
Cambridge Mathematical Tripos Examination, as a reaction
against the abuses of cramming bookwork, and they have spread
into almost every branch of science teaching—witness test-
tubing in chemistry. At first they may have been a good thing ;
at all events the tradition at Cambridge was strong in my day,
that he that could work the most problems in three or two and a
half hours was the ablest man, and, be he ever so ignorant of his
subject in its width and breadth, could afford to despise those
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less gifted with this particular kind of superficial sharpness. But,
in the end, came all to the same : we were prepared for problem-
working in exactly the same way as for bookwork. We were
directed to work through old problem papers, and study the style
and peculiarities of the day and of the examiner. The day and
the examiner had, in truth, much to do with it, and fashion
reigned in problems as in everything else. The only difference
I could ever see between problems and bookwork was the
greater predominance of the inspiriting element of luck in the
former. This advantage was more than compensated for by the
peculiarly disjointed and, from a truly scientific point of view,
worthless nature of the training which was employed to cultivate
this species of mental athletics. The result, so far as problems
worked in examinations go, is, after all, very miserable, as the
reiterated complaints of examiners show ; the effect on the
examinee is a well-known enervation of mind, an almost incur-
able superficiality, which might be called Problematic Paralysis
—a disease which unfits a man to follow an argument extending
beyond the length of a printed octavo page. Another lament-
able feature of the matter is that an enormous amount of
valuable time is yearly wasted in this country in the production
of these scientific trifles. Against the occasional working and
propounding of problems as an aid to the comprehension of a
subject, and to the starting of a new idea, no one objects, and it
has always been noted as a praiseworthy feature of English
methods, but the abuse to which it has run is most pernicious.

All men practically engaged in teaching who have learned
enough, in spite of the defects of their own early training, to
enable them to take a broad view of the matter, are agreed as to
the canker which turns everything that is good in our educa-
tional practice to evil. It is the absurd prominence of written
competitive examinations that works all this mischief. The end
of all education nowadays is to fit the pupil to be examined ; the
end of every examination not to be an educational instrument,
but to be an examination which a creditable number of men,
however badly taught, shall pass. We reap, but we omit to
sow. Consequently our examinations, to be what is called fair
—that is, beyond criticism in the newspapers—must contain
nothing that is not to be found in the most miserable text-book
that any one can cite bearing on the subject. One of my
students, for example, who was plucked in his M. A, examination,
and justly so if ever man was, by the unanimous verdict of three
examiners, wrote me an indignant letter because he believed, or
was assured, that the paper set by the examiners could not have
been answered out of Todhunter’s Elementary Algebra, I have
nothing to say, of course, against that or any other text-book,
but who put it into the poor young man’s head that the burden
lay with me to prove that the examination in question ought to
contain nothing but what is to be found in Todhunter’s Elemen-
tary Algebra? The course of this kind of reasoning is plain
enough, and is often developed in the newspapers with that
charming simplicity which is peculiar to honest people who are,
at the same time, very ignorant and very unthinking. First, it
follows that lectures should contain nothing but what is to be
found in every text-book ; secondly, lectures are therefore useless,
since it is all in the text-book ; thirdly, the examination should
allude to nothing that is not in the text-books, because that
would be ‘unfair ; fourthly, which is the coach or crammer’s de-
duction, there should be nothing in the text-book that is not
likely to be set in the examination. The problem for the writer
of a text-book has come now, in fact, to be this—to write a
book so neatly trimmed and compacted that no coach, on
looking through it, can mark a single passage which the candi-
date for a minimum pass can safely omit. Some of these text-
books I have seen, where the scientific matter has been, like the
lady’s waist in the nursery song, compressed “so gent and sma’,”
that the thickness of it barely, if at all, surpasses what is devoted
to the publisher’s advertisements. We shall return, I verily
believe, to the Compendium of Martianus Capella. The result
of all this is that science, in the hands of specialists, soars higher
and higher into the light of day, while educators and the
educated are left more and more to wander in primeval
darkness,

When our system sets such mean ends before the teacher, and
encourages such unworthy conceptions of education, is it to he
wondered at that the cry arises that pupils degenerate beneath
even the contemptible standards of our examinations? These
can hardly be made low enough to suit the popular taste. Itisno
merit of the system we pursue, but due simply to the better educated
among our teachers—men, many of them, who work for little

reward and less praise—that we have not come to a worse pass
already. Some even of the much-abused crammers have concep-
tions of a teacher’s duty far higher than the system-mongers o!
the day, whom it is their special business to outwit ; and it is but
fair to allow to such of these also as deserve it part of the credit
of stemming the torrent of degeneration. 'We place our masters
in positions such that their very bread depends upon their doing
what many of them know and will acknowledge to be wrong.
'J'hei’r’ excuse is, *‘We do so and so because of the examina-
tion.

The cure for all this evil is simply to give effect {o a higher
ideal of education in general, and of scientific education in par-
ticular. Science cannot live among the people, and scientific
education cannot be more than a wordy rehearsal of dead text-
books, unless we have living contact with the working minds of
living men. It takes the hand of God to make a great mind,
but contact with a great mind will make a little mind greater.
The most valuable instruction in any art or science is tositat the
feet of a master, and the next best to have contact with another
who has himself been so instructed. No agency that I have ever
seen at work can compare for efficiency with an intelligent teacher,
who has thoroughly made his subject his own. Itis by providing
such, and not by sowing the dragon’s teeth of examinations, that
we can hope to raise up an intelligent generation of scientifically
educated men, who shall help our race to keep its place in the
struggle of nations. In the future we must look more to men
and to ideas, and trust less to mere systems, Systems have had
their trial,  In particular, systems of examination have been tested
and found wanting in nearly every civilised country on the face
of the earth. Backward as we are here, we are stirring. The
University of London, after rendering a great service to the
country by forcing the older universities to give up the absurd
practice of restricting their advantages to persons professing a
particular shade of religious belief, has for many years pursued
its career as a mere examining body. It has done so with rare
advantages in the way of Government aid, efficient organisation,
and an unsurpassed staff of examiners, Vet it has been a failure
as an instrument for promoting the higher education—foredoomed
to be so, because, as I have said, you must sow before you can
reap. At the present time, with great wisdom, the managers of
that institution have set about the task of really fitting it out for
the great end that it professes to pursue. If they succeed in so
doing, they will confer upon the higher education one of the
greatest benefits it has yet received. They have an opportunity
before them of dethroning the iron tyrant Examination which is
truly enviable. This movement is only one of the signs of the
times. Among the younger generation I find few or none that
have any belief in the ‘“learn when you can and we will examine
you” theory ; and small wonder, for they have tasted the bitter-
ness of its fruit. ZLaissez faire as a method in the higher edu-
cation no longer holds its place, except in the minds of inexpe-
rienced elderly people, who cling, not unnaturally, to the views
and fashions which were young when they were so.

All the same, the task of reformation is not an easy one. Ex-
aminations have a strong hold upon us, for various reasons, some
good, some bad, but all powerful. In the first place, they came
in as an outlet from the system of patronage, which, with many
obvious advantages, some of which are now sorely missed, had
become unsuited to our social conditions. There is a certain
advantage in examinations from the organiser’s point of view,
which any one who, like myself, has to deal with large quantities
of pretty raw material, will readily understand. Again, there is
an orderly bustle about the system that pleases the business-loving
eye of the Briton. Yearly the printed sheets go forth in every
corner of the land. The candidates meet and, in the solemn
silence of the examination hall, the inspector, the local magnate,
or the professor, sits, while for two or three busy hours the pens
go scratching over the paper. A feeling of thankfulness comes
over the important actor in this well-ordered scene, that the
younger generation have such advantages that their fathers never
knew. It is only when the answers are dissected in the examiner’s
study that the rottenness is revealed underlying the fair outward
skin, But then the examiner must go by his standards ; he must
consider what is done elsewhere, and what is to be reasonably
expected. Accordingly he takes his report and quickly writes so
many per cent. passed. Then the chorus of reporting examiners
lift up their voices in wonderful concordance ; and all, perhaps
even the examiners, are comforted. There is something attrac-
tive about the whole thing that I can only compare to the pleasure
with which one listens to the hum of a busy factory or to the



Sept. 10, 1885]

NATURE

449

roaring of the forge and ringing of the anvil. But what avails
the hum of the factory if the product be shoddy, and what the
roar of the forge and the ring of the anvil if the metal we work
be base?

In conclusion, let us consider for a moment what might be done

for the risen generation, who are too old to go formally to school,
and yet not too old to learn. In their education such bodies as
the British Association might be very helpful. Indeed, in the
past, the British Association has been very helpful in many ways.
It can point to an admirable series of reports on the progress of
science, for which every one who, like myself, has used them, is
very grateful. It is much to be desired that these reports should
be continued, and extended to many branches of science which
they have not yet covered.
. The Association has at present, I believe, a committee of
Inquiry into science-teaching generally. This is typical of a kind
of activity which the Association might very profitably extend.
This Association, with its long list of members bristling with the
names of experts in every science, not drawn from any clique or
particular centre, but indiscriminately from the whole land, might
take upon itself to look into the question of scientific text-books
and treatises. Even if it did not set up a censorship of the
scientific press, which might be an experiment of doubtful wis-
dom, although some kind of interference seems really wanted
now and then, it might set itself to the highly useful work of
filling the gaps in our scientific literature. There is nothing from
which the English student suffers so much as the want of good
scientific manuals. The fact is that the expense of getting up
such books in this country is so great, and the demand for them,
though steady, yet so limited, that it will not pay publishers to
issue them, let alone remunerate authors to write them. In my
student-days the scarcity was even greater than it is now, and
in fact thenno one could hope to get even a reasonable acquaint-
ance with the higher branches of exact science unless he had
some familiarity with French or German at the very least—a
familiarity which was rare among my fellow-students either in
England orin Scotland. Might not the British Association now
and then request some one fitted for the task to write a treatise
on such and such a subject, and offer him reasonable remuneration
for the time, labour, and skill required ?

Another field in which the Association might profitably extend
its labours appears to me to be the furnishing of reports, from time
to time, on the teaching of science in other countries, and the
drawing up of programmes of instruction for the guidance of
schoolmasters and of those who are reading for their own instruc-
tion. There is no need to impose these programmes on any one.
I would leave as much freedom to the teacher as I would to the
private student. The programme drawn up by the Society for
the Improvement of Geometrical Teaching, for example, has
been very useful to me as a teacher, although I do not follow it
or any other system exclusively. The great thing is not to fall
asleep over any programme or system. For the matter of that,
Euclid would do very well in the earlier stages of school instruc-
tion at least, provided he were modernised, and judiciously dis-
carded at that part of the student’s career where a lighter vehicle
and more rapid progress becomes necessary. In such programmes
as I contemplate the bearing of recent discovery on the elements
of the various sciences could be pointed out, and the general
public kept in this way from that gross ignorance into which they
are at present allowed to fall.

The British Association has of late, I believe, given its atten-
tion to the encouragement of local scientific activity. There can
be no doubt that much could be done in this way that is not done
at present. The concentration of scientific activity in metro-
politan centres is beginning to have a depressing effect in Great
Britain, This is seen in the singularly unequal way in which
Government aid is distributed over the country. ILarge sums
are spent—sometimes we outsiders think not to the best purpose
—through certain channels, simply because these channels happen
to have a convenient opening in some Government office in
London, or in some place in that important city which has easy
access to the ruling powers ; while applications on behalf of other
objects not less worthy are met with a refusal which is sometimes
barely courteous. The result is that local effort languishes, and
men of energy, finding that nothing can be done apart from
certain centres, naturally gravitate thither, leaving provincial
desolation to become more desolate,

I think our great scientific societies—the Royal Societies of
London and Edinburgh and the Royal Irish Academy—might
do more than they do at present to prevent this languishing of

local science, which is so prejudicial to the growth of a scientific
public. Besides their all-important publishing function, these
bodies have for a considerable time back been constituted into a
species of examining and degree-conferring bodies for grown-up
men, That is to say, their membership has been conferred upon
a principle of exclusion. Instead of any one being admitted who
is willing to do his best, by paying his subscription or otherwise,
to advance science, every one is exc/uded who does not come up
to the standard of a certain examining body. So far is this
carried in the case of the Royal Society of London, that there
is an actual competitive examination, on the result of which a
certain number of successful candidates are annually chosen.
Now, against this proceeding by itself I have nothing to say,
except that it appears to belong to the pupillary age both of men
and nations. It is not the honouring of the select few that I
think evil, but the exclusion of the unhonoured many. The
original intention in founding these societies was to promote the
advancement of science. How that is done by excluding any
one, be it the least gifted among us, who is honestly willing to
contribute his mite towards the great end, fairly passes m
comprehension. If it is thought necessary, for the proper culti-
vation of the scientific spirit among us, that the degree-conferring
function should be continued, let there by all means be an inner
court of the temple, a place for titular immortals ; but let there
be also a court of the Gentiles, where those whose fate or whose
choice it is to serve science unadorned may find a modest recep-
tion. I believe that the adoption of this suggestion would
enormously extend the usefulness of our great scientific societies,
and give to their voice a weight which it never had before. At
all events, if the trammels of tradition, or some better reason
with which I am unacquainted, should prevent them from
broadening their basis in the way I indicate, nothing prevents
the British Association, with its more liberal constitution, from
considering what may be done for the scientific plebeian.

There is one other function of the British Association in
connection with which I wish to venture another suggestion.
During the annual meeting, scientific men have an opportunity
of making each other’s acquaintance. Great men exchange ideas
with great men ; and, most important of all, young and little
men have a chance, rarely otherwise afforded, of taking a nearer
view of the great. What I would suggest for consideration is,
whether it might not be possible to form an organisation which
would in a certain sense carry this advantage through the whole
year. I have already alluded more than once to the difficulties
that the scientific public—and here I include professional men
generally, in fact all but the leaders of science—have in keeping
pace with recent advances. 'Would it not be possible to have an
arrangement enabling at least every large centre of the higher
education to have periodically the benefit of communion with
and instruction from the high priests of the various branches of
science? How glad we, the teachers of science in Edinburgh
for example, would be to have a course of lectures once every
three or four years from Professors Cayley, Sylvester, Stokes,
Adams, Tord Rayleigh. In this way effect would be given to
the principle which cannot be too much insisted upon, that the
];Iower of the spoken word far exceeds that of the written letter.

ot only should we learn from the mouths of the prophets them-
selves the highest truths of science, but the present generation
would thus come to know face to face, as living men, those whose
work will be the glory of their time and a light for future ages.
From the want of a proper circulating medium, the influence of
great scientific men very often does not develop until they and
the secrets of their insight have gone from among us. The
object of what I propose 1s to make these men more of a living
power in their own lifetime.

SECTION B
CHEMICAL SCIENCE

OPENING ADDRESS BY PROF. HENRY E. ARMSTRONG, PH.D.,
F.R.S., Sec. C.S., PRESIDENT OF THE SECTION

IN the Chemical Section of the British Association for the
Advancement of Science the advancement of chemistry through-
out the British Empire must be a subject of commanding in-
terest.  Signs of such advancement are not wanting:— the
rapid establishment of science colleges in one after another of
our large towns ; the establishment of the Society of Chemical
Industry, which now, only in the fifth year of its existence,
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numbers over 2,000 members ; the granting of a Royal charter to
the Institute of Chemistry ; the changes introduced at the London
University in the regulations for the D.Sc. degree ; the report of
the Royal Commission on Technical Education, in which the
value to chemical manufacturers of advanced chemical know-
ledge is so fully recognised ; the important conference on educa-
tion held at the Health Exhibition last year ; the recent agitation
to found a teaching university in London with adequate provision
for research—surely all these are signs that the value of higher
education must and will, ere long, be generally recognised.

The neglect of chemical research in our British schools has
often been forcibly commented upon—of late, especially, by an
eminent past-President of this section, Dr. Perkin, whose opinion
is of peculiar value, as he is not only world renowned as a
chemist, but also as a manufacturer: indeed, as the founder of
two distinct important chemical industries. There can be no
doubt of the fact and of the dire consequences to our country of
such neglect : how is it, then, that such pronounced complaints
have been so coldly received ; that hitherto they have produced
comparatively so little effect ; and that such slight encourage-
ment is being given to those who, notwithstanding the many
difficulties in their way, have steadfastly devoted themselves to
research work ? I question whether the value of such work has
yet been brought home to teachers generally, let alone the public :
the ““cui bono?” cryis almost invariably met by pointing to
some discovery of great pecuniary value as the outcome of re-
search., This arzument educationalists very properly refuse to
recognise. Too little has been said as to the cause of the neg-
lect so bitterly and p:operly complained of. Hence it is that I
propose again to take up what many may regard asa somewhat
threadbare theme,

Lvery one will agree with Prof. Sir Henry Roscoe, who in his
address last year to this Section said ‘‘ that those who are to be-
come either scientific or industrial chemists should receive as
sound and extensive a foundation in the theory and practice of
chemical science as their time and abilities will allow, rather
than they should be forced prematurely ”—the italics are mine—
‘“into the preparation of a new series of homologous compounds,
or the investigation of some special reaction, or of some possible
new colouring matter, though such work might doubtless lead to
publication.”  We must also cordially agree with him that the
aim should be, as he tells us his has been, ‘‘ to prepare a young
man by a careful and fairly complete general training to fill with
intelligence and success a post either as teacher or industrial
chemist, rather than to turn out mere specialists, who, placed
under other conditions than those to which they have been
accustomed, are unable to get out of the narrow groove in which
they have been trained.” If it were necessary to show that Sir
Henry Roscoe is a believer in research in its proper place, ample
proof would be afforded by his statement, ‘*that, far from under-
rating the educational advantages of working at original subjects,
he considers this sort Jof training of the highest and best
kind, I,)ut only useful when founded upon a sound and general
basis.”

But I venture to think that something has to be added in order
to completely define the position of those who deplore the slight
amount of original work which is being done in British labora-
tories. We maintain that no one can really /il with intelli-
gence and success a post either as teacher or industrial chemist ”
who has not been trained in the methods of research ; and that,
owing to the neglect of research, the majority of students are of
necessity trained in a narrow groove. The true teacher and the
industrial chemist are daily called upon to exercise precisely
those faculties which are developed in the course of original in-
vestigation, and which it is barely possible—many would say,
perhaps with justice, it is impossible—to sufficiently cultivate in
any other manner. In a works the ckemist is scarcely required
as long as all goes well. The quality of the materials used or
produced can be controlled by purely routine processes of analysis
by the works analyst, or by well-trained laboratory boys. But
things never do go well for any long period of time : difficulties
are always arising ; obscure points have to be investigated ; and,
if the manufacturer understand his business, improvements have
to be effected—which cannot be done unless the conditions under
which he is working be understood, as well as the character of
the changes which are taking place. Investigation is therefore
necessary at every step. No amount of instruction, such as is
ordinarily given, in the mere theory and practice of chemical
science will confer the habits of mind, the acuteness of vision
and resourcefulness required of an efficient chemist in a works,

any more than the mere placing of the best tools in a workman's
hands will make him a skilful operator.

Such being our position, we maintain that it is essential to
make research an integral portion of the student’s course in every
college which pretends to educate chemists. It will not suffice
occasionally to set a promising student to investigate,’but a num-
ber of students, as well as the staff, must always be engaged in
original work : in fact, an atmosphere of rescarch must pervade
the college. It cannot be too clearly recognised that it is this
which characterises and distinguishes the German schools at the
present time. The student does not learn so much from the one
special piece of work with which he is occupied, but a number
of his fellow-students being also similarly engaged, the spirit of
inquiry is rife throughout the laboratory : original literature is
freely consulted, and they thus become acquainted with the
methods of the old masters ; vigorous discussions take place,
not only in the laboratory, but also at that most useful institution,
the ¢ Kneipe" ; the appearance of each new number of the
scientific periodicals is keenly welcomed ;—in fact, a proper spirit
of inquisitiveness is awakened and maintained, until it gradually
becomes a habit. Probably there is less actual routine teaching
done by the staff in the German schools than in our own. Iam
proud to own my indebtedness to one of them, and I can without
hesitation say that I never truly realised what constituted the
science of chemistry until I came under its influence.

But to realise the state which I have pictured—Zo create an
atmosphere of research in our science colleges in order that it may
be possible for our students to oblain complete training in chem-
istry, several things are required. In the first place, it will be
necessary that the students come to them better prepared than
they are at present : as a rule they are so ill-prepared that it is
very difficult, if not impossible, in the time at disposal to give
such preliminary instruction as is indispensable before higher
work can be attempted. Their mathematical knowledge is so
ill-digested that it is more often than not necessary to begin by
teaching simple proportion, and they look aghast at a logarithm
table. They cannot draw ; so far have we advanced in our
civilisation that the subject is more often than not an ‘“extra”
in our schools, They understand a little French ; but German,
which may almost be called the language of modern science,
is indeed an unknown tongue to them. I do not complain of
their want of knowledge of science subjects, but of the un-
scientific manner in which they have been trained at school, and
especially of the manner in which their intellectual faculties have
become deadened from want of exercise, instead of developed
and sharpened. Too many have never acquired the habit of
working steadily and seriously ; they have not learnt to appre-
ciate the holiness of work,! so that they render the office of
teacher akin to that of slave-driver instead of to that of friend.
What is perhaps worst is their marked inability, often amount-
ing to downright refusal, either to take {)roper notice of what
happens in an experiment or to draw any logical conclusion from
an observation. Man is said to be a reasoning being, but my
experience as an examiner and teacher would lead me to believe
that this fact is altogether lost sight of by the average school-
master, who appears to confine himself almost exclusively to
the teaching of hard dry facts, and makes no attempt to cultivate
those very faculties which are supposed to characterise the
human race ; or he is so ill-prepared for his work that he fails
to understand his duty. These are harsh words, but the evil is
of such magnitude that it cannot be too plainly stated ; those
who, like myself, are brought full face to it fail in their duty if,
when opportunity occurs, they do not take occasion to call
attention to ils existence.

Probably the only remedy—certainly the most effectual, and
that which can be most easily applied—is the introduction of a
rational system of practical science teaching into all our schools,
whatever their grade ; one effect would be that all the school
subjects would of necessity soon be taught in a more scientific
manner. I am not one of those who would eschew the teachin
of classics, and I d» not wish to see science teaching introduce
into schools generally, in order that the students who come to
me may already have gained some knowledge of science : under
existing circumstances I prefer that they shall not ; but I desire
its introduction because the faculty of observing and of reasoning
from observation, and also from experiment, is most readily

* In my experience, the bzhaviour of ordinary day male students is, in this
respect, particularly striking in comparison with that of female and evening
students : the evening students, who come with a desire to learn, and the
female students are invariably most attentive, and make the fullest use of
the opportunities afforded them.
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developed by the study of experimental science : this faculty, which
is of such enormous practical value throughout life, being, I
believe—as I have said elsew here—left uncultivated after the
most careful mathematical ard literary training. No one has
stated this more clearly than Charles Kingsley. We are told
that, speaking to the boys at Wellington College, he said : *‘ The
first thing for a boy to learn, after obedience and morality, is a
habit of observation—a habit of using his eyes. It matterslittle
what you use them on, provided you do use them. They say
knowledge is power, and so it is—but only the knowledge which
you get by observation. Many a man is very learned in books,
and has read for years and years, and yetheis useless, He knows
about all sorts of things, but he can’t @o them.” This is precisely
our complaint—the average schoolboy may know a gocd deal
about things, but he can’t do them. The ordinary school
system of training does not, in fact, develop the ‘¢ wits,”
to use a popular and expressive term for the observing
and reasoning faculties; but it is certain that the
wits require training. It is because the teaching of experi-
mental science tends to develop the wits that those among us
who know its power are so anxious for its introduction. This
cannot be too clearly stated, the popular view—to judge from
newspaper discussions—being apparently that science is to be
classed with ““extras” : that it is good for those who can afford
it, but can be dispensed with by those who cannot. This un-
doubtedly is true of the ““science ” which is taught the specialist,
and I fear even of much of the ‘‘science” which is at present
taught in schools : let us hope that ere long other views will
prevail when the object which it is sought to gain by teaching
science is made clear.

\While blaming the schoolmaster for his neglect, it must not
be forgotten that the teaching of sciences in schools meets with
comparatively little encouragement at the hands of our examin-
ing bodies and the universities, Again, examinations are too
often entrusted to those who have no educational experience,
and with most unfortunate results : in no case, probably, is in-
experience so inexcusable as in an examiner. Too often, also,
the examinations are in the hands of pure specialists, who take
too formal a view of theirduty, and expect from boys and girls
at school as much as from their own students, who are older and
devote more time to the work. Such examiners are prone to
discourage science by marking too severely ; and as their ques-
tions govern the teaching, instruction is given in schools without
due reference to educational requirements, and in a purely
technical style: this, T fear, is the effect of some of the
universities’ local examinations,

I have it on good authority, that the recent changes in the
scheme of the examinations for admission at Sandhurst have
forced one large school, well known for the attention paid in it
to the teaching of science, to cease to give instruction in science
to those of its pupils who propose to compete at these examina-
tions, at once on their deciding to do so. Then, not only are
the science scholarships at the universities few in proportion,
but the great majority of students pass through their university
career without being called uponto gain the slightest knowledge of
physical science : yet, more often than not, the teachers are chosen
from these. A large proportion become clergymen, and consider-
ing the demands upon them and the unbounded opportunities
which they have of imparting useful information, there cannot be
a doubt that to no other class of the community is a knowledge of
natural science likely to be of more value.! Let us hope that
the time is near when our universities will no longer be open to
this reproach.? Whatever steps they may elect to take, it is
before allsthings important that it be not forgotten that their
main purpose must be to influence the schools, so that experi-
mental science may be used as an educational weapon at the
most appropriate time, and not when the faculties to be fashioned

¥ I sometimes dream,” said Kingsley, “of a day when it will be con-
sidered necessary that every candidate for ordination should be required to
have passed creditably in at least one branch of physical science, if it be only
to teach him the method of sound scientific thought.”

# 1 learnt with the most lively satisfaction, but a few days ago, that Dr.
Percival, the late head-master of Clifton College, speaking at a meeting of
Convocation at Oxford last term, said: ““If twenty years ago this university

d said : from this time forward the elements of natural science shall take
their glace in responsions side by side with the elements of mathematics, and
shall be equally obligatory, you would long ago have effected a revolution in
school education.” "Dhis remark elicited some warm expressions of approval.
Dr. Percival has, I am sure, the approval of all science teachers, and he
will earn their gratitude, and deserve that of the public at large, if he can
succeed in inducing his university to take action in accordance with his
enlightened views,

by it have become atrophied through neglect, as I fear is too
often the case, ere the university is reached.

We must carefully guard against being satisfied with the mere
introduction of one or more science subjects into the school cur
riculum : some of those who strenuously advocate the introduc-
tion of science teaching perhaps do not sufficiently bear this in
mind. Chemistry, physics, &c., may be—and I fear are, more
often than not—taught in such a way that it were better had no
attempt whatever been made to teachthem. I hold that it is of
no use merely to set lads to prepare oxygen, &c., orto make ex-
periments which please them in proportion as they more nearly
resemble fireworks ; and it is not the duty of the schoolmaster
to train his boys as though they were to become chemists, any
more than it is his duty to fit them to enter any other particular
profession or trade : the whole of the science teaching in a school
should be subservient to the one object of developing certain
faculties. Unfortunately, two great difficulties stand in the way
at present—viz. the want of suitable books and of a rational
system of teaching science from the point of view here ad-
vocated ; and the requirements of the universities and other
examining bodies. Both books and examinations are of too
special a character: they may suit the specialist, but do not meet
educational requirements. I have already somewhat fully ex-
pressed my views on this subject in a paper read at the Educa-
tional Conference in London last year. Although much more
might be said, I will now only call attention to the important
service which we may render in removing these difficulties,

The reform most urgently needed, in which, as members of
the community, not merely as chemists, we are all most in-
terested, is the introduction of some system which will insure a
proper training for teachers. Engineers, lawyers, medical men,
pharmacists, have severally associated themselves to found in-
stitutions which require those who desire to join the profession to
obtain a certain qualification ; even chemists are seeking to do
this through the Institute of Chemistry. But schoolmasters,
although members of what is probably the most responsible,
onerous, useful, and honourable of any of the professions, have
as yet neither made, nor shown any inclination to make, a united
effort to insure that all those who join their profession shall be
properly qualified. ~Surely the time has come when' the subject
must receive full public attention ; the country cannot much
longer remain content that the education of all but those of its
sons and daughters who come within the province of the School
Board should be carried on without any guarantee that it is being
properly conducted.

Glaring as are the faults in the existing school system, and
although it rests with the universities and other teaching and
examining bodies—if the public do not intervene—to prescril-e
a proper course of instruction for potential schoolmasters and to
enforce a rational system of training all the mental faculties, we
science teachers may meanwhile do much by introducing more
perfect methods into our own system of teaching. The students
attending our courses belong to various classes: some will
become chemists, and require the highest and most complete
training ; others will be teachers in colleges or schools ; many
will occupy themselves as consulting chemists or analysts ; many
others will have to take charge of manufacturing operations in
which a knowledge of chemistry is of more or less direct im-
portance and value ; not a few will become medical men ; and
a large proportion, let us hope, will be those who have no direct
use for chemistry, although the knowledge will be of great ser-
vice to them in many ways : among such we may include archi-
tects and builders, engineers, farmers, and even country gentle-
men. Have we sufficiently considered the several requirements
of all these various classes? I submit, with all due deference,
that we have not! Our attention has been too exclusively
directed to the training up of the future analyst ; the instruction
has been of too technical a character,

I know it is rank heresy to say so, but I maintain that in
future far less time must be devoted to the teaching of ordinary
qualitative and quantitative analysis, and that Zecknical instruc-
tion as now given in these subjects must find its place later in the
course. Our main object in the first instance must be to fully
develop the intellectual faculties of our students; to encourage
their aspirations by inculcating broad and liberal views of our
science, not an infinite number of petty details. We must not
merely teach them the principles and main facts of our science,
but we must show them how the knowledge of those facts and
principles has been gained ; and they must be so drilled as to
have complete command of their knowledge. The great
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majority will not be required to perform ordinary analyses, either
qualitative or quantitative ; it will be sufficient for them to have
gained such an amount of practical experience that they
thoroughly understand the principles of analysis ; that they shall
have learnt to appreciate the racredness of accuracy ; and that
they shall have acquired sufficient manipulative skill to be
able when occasion requires to carry into execution the
analytical process which their text-books tell them is applic-
able, and even, if necessary, to modify the process to suit
circumstances.

Chemistry is no longer a purely descriptive science. The
study of carbon compounds and Mendeljeff’s generalisation have
produced a complete revolution! The faults in our present
system are precisely those which have characterised the teaching
of geography and history, and which are now becoming so
generally recognised and condemned ; in fact, no better state-
ment of the manner in which I conceive chemistry should be
taught could be given them by broadly applying to the teaching
of chemistry what was said by Professor Seeley at the Inter-
national Conference on education last year, in an important paper
on the teaching of history.

The necessity for some change must, I venture to think, be
patent to all thoughtful teachers, and especially to those who
are called upon to fulfil the painful duties of an examiner. The
railway book-stalls have made us acquainted with ‘‘Confessions ”
of all sorts, but if the ‘‘Confessions of an Ixaminer ” were to
be written they would be far more heartrending than any.
The examiner in chemistry, let him go where he will, scarcely
dare to ask a question to which the answer cannot be directly
read out from a text-book. He will be told *‘that such and
such a compound is formed by the action of so and so upon so
and so,” but he will usually find blank ignorance of the phrase
“by the action of,” and as to the mode of performing the
operation. The examiner would, however, be bound to agree
with the teacher that it is almost impossible to induce students
to'seek information outside the lecture-room, and except in the
ordinary cram text-books, and that it is hopeless to expect them
to devote attention to anything unless it will pay in a subsequent
examination—in fact that the old university spirit of acquiring
knowledge for its own sake is almost unknown among our
science students, Herein lies one of the teacher’s most
serious difficulties, as he is more often than not bound to teach
in a particular way, or to teach certain subjects, in entire oppo-
sition to his own views, in order to qualify his students to pass
a particular examination ; for example, many of our colleges
now distinctly state that their courses are intended to qualify
students to pass the examinations of the London University, and
hence they are governed by the requirements of that university,
which vary more or less as the examiners are periodically
changed. The examiner, on the other hand, is often placed in
a difficult position : it is clear to him that the system under which
the students he is called upon to examine have been taught is a bad
one ; yet he feels that he has no right to set questions such as
he honestly believes should direct the teaching into proper chan-
nels, because he knows that the teacher is immovable, and it is
not fair to make the examinees the victims of a system for which
they are ot responsible. Hence, perforce, the teacher goes on
teaching badly and the examiner examining badly. Difficulties
of this kind are bound to make themselves felt at a transition
period like the present, and will only disappear if we recognise
the grave responsibility which rests upon ourselves and improve
our methods of teaching and our text-books : these, in too many
instances, are unsuited to modern requirements, and are being
made worse by stereotyping, and the practice which is gradually
creeping in of merely changing the date on the title page and the
numeral before the word *“edition,” thus engendering the belief
that the information is given up to date.

Both in teaching and examining two important changes ought
forthwith to be made : our students ought at the very beginning
of their career to become familiar with the use of the balance ;
and the imaginary distinction between so-called inorganic and
organic compounds should be altogether abandoned. I do nat
mean that students should be taught quantitative analysis as
ordinarily understood, but that instead of endeavouring to make
clear to them by explanation only the meaning of terms such as
equivalent, for example, we should set them to perform a few
simple quantitative exercises in determining equivalents, &c. It
can easily be done, and terms which otherwise long remain
mythica. ucyuire a real meaning in the student’s mind, That
the elements of the chemistry of carbon compounds do not find

a place at a very early period in the course of instruction is one
of those riddles connected with our system which it is impossible
to answer. Attention was once pithily directed to the fact in
my hearing by a scientific friend—not a chemist—who said he
had often felt astonished that, although he had learnt a good
deal of chemistry, the chemistry of the [twrcakfast-table was prac-
tically a sealed book to him, common salt being the one object
of which he felt he knew something.

I may here urge that there is one great error which we must
avoid in the future, that of overworking our students, in the
sense of obliging them to pay attention to too many subjects at
a time. This is done more or less, I believe, in all our science
schools, and medical students are peculiarly unfortunate in this
respect. It is to some extent necessitated by the deficient pre-
liminary education of our students; but I believe that I am
justified in stating that it is also partly, perhaps mainly, due to
the fact that the curriculum is too often imposed by lecturers
who are directly interested in the attendance of students at their
lectures. This is one of the great difficulties in the way of higher
education, and the continuance of the evil is probably in a mea-
sure due to inappreciation of what constitutes higher education
and culture ; neither consist in a smattering of knowledge of
a variety of subjects such as is too often required at present.

The more general appreciation of the value of science undoubt-
edly depends to a considerable extent on improvements such as I
have indicated being introduced. When such is the case,we may
hope that a large number of students will enter our chemical
schools, not with the intention of becoming chemists, but be-
cause it will be recognised that the training there given is of a
high educational value, and that a knowledge of chemistry is of
distinct service in very many avocations.

We may also hope that it will be possible ere long to teach
chemistry properly to medical students. Seeing that the practice
of medical men largely consists in pouring chemicals into that
delicately organised vessel, the human hody, and that the
chemical changes which thereupon take place, or which nor-
mally and abnormally occur in it, are certainly not more simple
than those which take place in ordinary. inert vessels in our
laboratories, the necessity for the medical man to have a know-
ledge of chemistry—and that no slight one—would appear to
ordinary minds to stand to reason ; that such is not generally
acknowledged to be the case can only be accounted for by the
fact that they never yet have been taught ckemistry, and that the
apology for chemistry which has been forced upon them has been
found to be of next to no value. No proof is required that the
student has ever performed a single quantitative exercise ; and I
have no hesitation in saying that the examinations in so-called
practical chemistry, even at the London University, are beneath
contempt : after more than a dozen years' experience as a teacher
under the system, I can affirm that the knowledge gained is of
no permanent value, and the educational discipline #z/. Here the
reform must be effected by the examining boards : it is for them
to insist upon a satisfactory preliminary training, and they must
so order their demands as to enforce a proper system of practical
teaching ; and if chemistry is to be of real service to medical
men, more time must be devoted to its study. Physiological
chemistry is taught nowhere in our country, either at the uni-
versities or atany of our great medical schools ; let us hope that
the publication of works like those of Gamgee and Lauder
Brunton may have some effect in calling attention to this grievous
neglect of so important a subject.

Having dealt with the educational aspect of the question, let
me now briefly refer to some other difficulties which seriously
hinder research. It has been more or less openly stated that the
teachers in our chemical schools might themselves do far more.
Is this the case? I do not think so; I believe it is not the staff,
in most cases, who are primarily in fault. Under our peculiar
system of placing the government of science schools in the hands
of those who have little, if any, experience as educationalists, and
little knowledge of or sympathy with science, the appointments
are sometimes made without the slightest reference to capability
of inciting and conducting original investigation, and without
any proof having been given either of a desire to promote higher
education in the only possible way—by research ; nevertheless
experience shows that, as a rule, fair use is made by teachers of
their opportunities. The opportunities afforded us are indeed
few. In the first place, the amount of actual routine teaching we
are called upon to perform is very considerable, many of us having
to conduct evening as well as day classes ; and the work is often
of the most harassing description, owing to the want of interest
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displayed by the students. The assistance provided is also too
often inadequate, and much which should be done by assistants
1s therefore thrown upon the principals. Higher work under
these conditions is practically out of the question, not so much
because it is impossible to snatch at intervals a few hours per
week, but because the attention is so much taken up in the pre-
paration of lectures and laboratory and tutorial teaching that it
1s impossible to secure that freedom of mind and concentrated
attention which are essential to the successful prosecution of re-
search, Bad, however, as is often the position of the principals,
that of the junior staff is usually far worse. During official hours
they are entirely occupied in tutorial work, and what little energy
remains must more often than not be devoted to coaching or
literary work, to supplement the too modest income which the
salary attached to their official position affords. Under these
circumstances, it is remarkable that so much enthusiasm should
prevail among them on the subject of research. The tradition
which prevails in the German schools, that the junior staff are
bound to find some time for original work, is almost unknown in
this country, and too often di%iculties are raised, rather than
facilities afforded, when the desire is manifested : we do not, in
fact, sufficiently honour the assistant as the potential professor.
It has also often struck me as remarkable, and it must have
struck others who understand the German system, that in this
practical country we have not adopted that cheap luxury—the
Privat-Docent, who costs nothing and exercises a most important
function in promoting higher education. The explanation of
this and many other anomalies lies in the fact that very few
among us realise what a university is: a clear exposition of the
Scotch and German systems would be of great value in these
days of new universities and university colleges.

1 believe that in most, if not all, of the German chemical
schools a private research assistant is placed at the disposal of
the professor. Will this ever be the case here? The want
material assistance is not only felt in this respect, however:
few of our chemical schools are really efficiently equipped ;
most of them are seriously in want of larger and more expensive
apparatus, of suitable specimens, &c. ; the annual grant barely
suffices for the purchase of the ordinary chemicals and the pay-
ment of unavoidable current expenses, so that, as a rule, nothing
remains to meet the expenses of research work—i.e., of higher
education. In point of fact, nearly all of those who are en-
gaged in research are doing so at their own expense ; important
assistance, for which we cannot be too thankful, is indeed
received from the various research funds, but the proportion
which the grants bear to the total sum expended is not large. I
am sure we all recognise that each one of us is bound, according
to his abilities and the opportunities he has, to add to the stock
of knowledge, and that the keenest intellectual pleasure is
derived therefrom ; but it must not be forgotten that the results
we obtain are very rarely of immediate practical value, and that
as a rule we reap no pecuniary advantage. I venture to think, in
act, that it is remarkable that so much, not that so little, is done,
and that reproach rests very lightly apon the profession in this
matter. Whether our national pride will prevent our being much
longer beholden to foreigners for by far the greater number of
new facts in chemistry is a difficult question to answer, and must
rest with the public !

The occasions on which we teachers of science subjects are
able to bear witness in public are of necessity few. Deeply
sensible, not only of the honour, but also of the responsibility of
my position as President of this Section, I felt that it was my
duty to avail myself of this opportunity, Being a teacher who
is interested in teaching ; being convinced of the existence of
most serious faults m our educational system ; feeling that the
present is a most critical period : I have not hesitated to speak
very freely. Some of the difficulties to which I have referred
might soon disappear if science teachers generally would agree
to consider them together, and I believe that it would be a very
great advantage if an association for the discussion of educational
questions were formed of the staffs of our science colleges
throughout the country. The special difficulties which surround
our science colleges, and prevent them from exercising their full
share of influence upon the advancement of our national prosperity
might also be removed at no distant date ; but I see only one
way of accomplishing this, and I fear it will hardly find favour :
it 1s by their all becoming vested in the State, In this country
we like to do things in our own way, and the objection will at
once be raised that this would deprive all the colleges of their in-
dividuality, and would tend to crush originality and to stereotype

teaching. If I thought so I should never make the sugges-
tion. But it would not, provided that complete academic
freedom were secured to the staff, and each college were left to
adjust itself to local requirements ; efficiency would be maintained
by the competition 0(1i the various colleges. ILocal enterprise,
which has hitherto been trusted to, is clearly breaking down
under the tremendous strain of modern educational requirements :
some change must ere long be made.

(70 de continued.)

SECTION C
GEOLOGY

OPENING ADDRESS BY Pror. J. W. Jubp, F.R.S., Skc., G.S.,
PRESIDENT OF THE SECTION.

As this city is the only place within the limits of the Scottish
Highlands where our Association holds its annual gatherings, it
is fitting that the attention of those who meet in this section
should, on the present occasion, be specially directed to the
grand problems of Highland geology. Six-and-twenty years
have passed since the members of this section assembled here,
under the presidency of my dear friend, my revered master,
Charles Lyell. Few now present can have actually listened to
the stormy discussions of that memorable occasion, but all are
familiar with the nature of the problems which in the year 1859
were here so keenly debated. It is true that the fires of these
controversies have now almost died out, and from their ashes
have arisen the new problems which confront us to-day; but it
will not, I think, be without profit to direct your attention for
a few minutes to those two subjects which constituted the
““burning questions” of that day—the age of the Crystalline
Rocks of the Highlands, and the geological position of the
Reptiliferous Sandstone of Elgin.

With respect to the first of these questions, there are especial
reasons why I should briefly review the discussions which have
taken place in connection with it. It was in the meetings of
this section of the British Association that the successive stages
of the controversy were gradually developed. It was at a former
meeting of the Association in this city that James Nicol sub-
mitted to the scientific world that splendid solution of a difficult
problem, which is now universally admitted to have been the
correct one. This university was, during the last twenty-seven
years of his active, useful, and honoured life, the scene and
centre of the labours of that profound but modest thinker to
whom we owe so much. Lest it should seem presumption on my
part to speak on the question, I may add that for some years
before his death it was my good fortune to enjoy the friendship
and confidence of the late Prof. Nicol, with whom I had several
opportunities of discussing the great questions at issue between
himself and Murchison. Seeing, as I do to-day, his own great
claims too often forgotten or ignored, I feel that, should I, on
this occasion, hold my peace—**the very stones would cry out.”
It will indeed be an unfortunate day for our republic of science
when the palm of recognition—withheld from him whom modesty
and self-respect restrain from clamorous self-assertion—is per-
mitted to be snatched away by the bold and noisy advertiser of
his own claims,

Nearly seventy years ago, John Macculloch—that distinguished
pioneer in Scottish geology—was able to prove that in our
Western Highlands there exists a grand formation, made up of
red sandstones and quartzite, both exhibiting unmistakable
evidence of a sedimentary origin. He also pointed out that,
associated with these red sandstones and quartzites, are beds of
limestone, which are often altogether destitute of crystalline
characters, and are sometimes bituminous, while they occasion-
ally contain fossils.

Macculloch strongly insisted that this great system of strata,
which covers large areas in Sutherland and Ross, extending also
into some of the Western Isles, is distinct alike from the Old-
and the New-Red Sandstone ; he asserted that it belongs to a
far older period than either of those formations, and, employing
the phraseology of the early geologists, he gave to it the name
of the “ Primary Red Sandstone” (Zrans. Geol. Soc. ser. I,
vol. ii. p. 450, &c.  *“ Western Isles of Scotland ” (1819), vol.
il. p. 89, &c.  ““System of Geology” (1831).

Macculloch showed clearly that the strata of his ‘ Primary
Red Sandstone Formation ” are often found resting unconform-
ably upon the gneissose and schistose rocks of the Highlands ;
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but that in other places they appear to be overlain conformably
by, and even to alternate with, crystalline schists and gneisses.
He was further able to state that the quartzites of his ‘“ Primary
Red Sandstone Formation” contain organic remains, some of
which he correctly identified as the burrows of marine worms,
while others he recognised as Orthoceratites (*“ Western Isles of
Scotland ”” (1819), vol. ii. pp. 512, 513). It is almost painful to
have to add that his want of appreciation of the value of
palaontological evidence, a weakness which Macculloch shared
with so many of the early Scottish geologists, prevented any
attempt on his part at the correlation of this *‘Primary Red
Sandstone” with the rocks of other districts ; and thus for more
than forty years this important discovery remained almost entirely
fruitless.

The next step in the history of our knowledge of these High-
land strata which we have to record, was unfortunately a
retrograde one. Sedgwick and Murchison, who visited the
district in 1827, maintained that Macculloch had fallen into
grievous error, and that his ¢ Primary Red Sandstone Formation ”’
was in fact no other than an outlying part of the Old Red
Sandstone (Z7ans. Geol. Soc. ser. 2, vol. iii. p. 155).

This view was strongly protested against by Hay Cunningham,
who, writing in 1839, after a careful curvey of Sutherland,
demonstrated the justice of Macculloch’s conclusions, and even
went beyond that geologist in showing the very intimate connec-
tion between the quartzile and limestone. He clearly illustrated
by numerous sections the unconformity of the ¢‘Primary Red
Sandstone Formation,” consisting of red sandstone, quartzite,
and limestone, upon the gneissose rocks, and the apparently
conformable superposition to it of other schists and gneisses
(““On the Geognosy of Sutherlandshire,” by R. J. H. Cunning-
ham, M.W.S. ; Zransactions of the Highland and Agricultural
Society of Scotland, vol. xiii. (1839).

Such was the state of geological opinion when, in the winter
of 1854, the attention of geologists was recalled to this ancient
formation of Macculloch by the discovery in it of fossils by one
who fully recognised their value and importance—Mr. Charles
Peach. These fossils, though imperfect, were sufficient to prove
that the strata containing them must be of Pa’@ozoic age.

Three of the leaders of geological science at that day appear
to have been deeply impressed with the importance of this dis-
covery of Mr. Peach’s; but for a time, at least, the fruits of
that discovery were missed, through the unfortunate retrograde
teachings of Sedgwick and Murchison in 1827,

Hugh Miller, whose splendid researches in the Old Red
Sandstone had made him ready to welcome any extension of its
boundaries, suggested that the fossils of Durness might belong
to the marine Devonian.

Roderick Murchison, who in his younger days had worthily
conquered a kingdom in Siluria, and by successive annexations
in his later years had sought to convert this kingdom into an
empire—one which should embrace all the Lower Pal®ozoic
rocks of the globe—was not unwilling to claim his native High-
lands as part of this ever-growing realm,

James Nicol, who had been the first to discover graptolites in
the rocks of the Scottish Borderland, and had thus demonstrated
their Silprian age, was so struck by the resemblance of some of
the slaty rocks of the Highlands to the fossiliferous shales of his
native district, that, ten years before Peach made his important
discovery, he had suggested the probability of the Highland
schists and gneisses being simply the Borderland shales and
greywackes in an altered state (‘* Guide to the Geology of Scot-
land” [1844]). Hence Nicol, equally with Murchison, was
prepared to accept the Silurian age of the Durness limestone,
and of the rocks associated with it.

Murchison, still full of his old enthusiasm for discovery,
determined to lose no time in putting to the test the truth of the
suggestion made by his old friend Nicol and himself; and
accordingly, shortly before the meeting of the British Association,
which was fixed to take place in the year 1855 at Glasgow, we
find the two friends making their way into the wild district of
North-west Sutherland.

Unfortunately the time was too short and the weather too
unpropitious for the task they had set before themselves.

When this Geological Section assembled at Glasgow,
Murchison declared his conviction that the limestone of Dur-
ness, which had yielded the fossils to Mr. Peach, was of Silurian
—that is, as he employed the term—of Lower Palmozoic age.
But he, at the same time, maintained the truth of his old views,
that the red sandstones of Applecross and Gareloch are in

reality nothing but Old Red Sandstone (‘‘Brit. Ass. Rep.”
1855) 5 Z7ams. of Sec. p. 87), and in this latter contention he
received the warm support of Sedgwick, who was also present
at the meeting (Geikie’s ¢ Memoir of Sir Roderick Murchison’
(1875), vol. ii. p. 207).

Nicol, on the other hand, appears to have been greatly
dissatisfied with the results of this hasty and inauspicious journey
to Sutherland. While, however, withholding his judgment as
to the age of the several rock-masses, he insisted, in opposition
to the views of Murchison and Sedgwick, that the whole of the
vast series of Red Sandstones in Applecross and Torridon is, as
Macculloch showed, inferior to the quartzite and limestone
(see Nicol’s “Geology of the North of Scotland” (1866),
Appendix, p. 96).

In the summer of the next year, 1856, Nicol, so soon as he
was released from his teaching work in this university, hastened
back to the Western Highlands to try and resolve some of the
doubts which troubled him concerning the age and succession of
the strata. This cummer’s labour was productive of great and
important discoveries, In the first place, he was able to com-
pletely confirm the conclusions of Macculloch and Hay Cunning-
ham, that a// the Red Sandstone of the Western Islands, with
the exception of some small patches of ‘“ New Red,” belong to
an old formation underlying the quartzite and limestone. But
his researches also enabled him to show that Macculloch’s
‘ Primary Red Sandstone ” in reality consists of #eo formations,
the lower—to which he subsequently gave the name of the
“Torridon Sandstone”’—lying unconformably on the gneiss,
and the upper (consisting of quarzite and limestone, containing
fossils) resting everywhere unconformably upon, and overlapping,
the sandstones.! It is a very noteworthy circumstance that while
Nicol admitted the accuracy of the descriptions of Macculloch
and Hay Cunningham which seemed to point to a conformable
superposition of beds of gneiss to the quartzite and limestone,
the results of this first summer’s work had already raised serious
misgivings in his mind as to the correctness of this conclusion,
for he wrote as follows :—* The fact of the overlying gneiss
having been metamorphosed ¢7 siZu, and not pushed up over the
quartzite, is one requiring further investigation” (Quart. Fourn.
Geol. Soc. vol. xiiL, 1857, p. 35). Itis not surprising, how-
ever, to find that Nicol was so staggered by the magnitude of
the faults which would be required to bring about such a result,
that for more than a year he hesitated to accept this, which we
now know to be the true, explanation of the phenomena.

There was a suggestion—and it was nothing more than a sug-
gestion—made by Nicol at this time, which has often been very
unfairly quoted to his disadvantage. Convinced that Macculloch
was right as to the infraposition of the Torridon Sandstone to
the quartzite and limestone, and strongly inclined to accept
Murchison’s confident assertion that this Torridon Sandstone was
simply the ¢ Old Red,” Nicol pointed out that the only possible
way of harmonising these two views was to suppose that the
quartzites and limestones were of Carboniferous age; and he
showed that the imperfect fossils which had been up to that time
obtained at Durness were not sufficient to negative such a sup-
position (Quart. Four, Geol, Seoc. vol, xiii., 1857, p. 36).

But during the summers of 1857 and 1858, Nicol continued
his labours in the Western Highlands, with the result of clearing
away many of his difficulties and perplexities. Murchison, too,
had revisited the district, and seen that his idea of the ‘* Old-
Red” age of the Torridon Sandstone would have to be finally
abandoned, and that Macculloch’s views, as amended by Nicol,
concerning the relations of the Highland rock-masses must be
accepted. Salter, too, examining more perfect specimens of
fossils which had in the meanwhile been obtained from the
Durness limestone by the indefatigable Mr. Charles Peach,
showed that they were certainly of /ower Palaozoic age (Silurian
of Murchison).

The position taken up by Murchison, and on which he made
his final stand, was simply arrived at by combining the strati-
graphical conclusions of Macculloch and Nicol with the pale-
ontological results of Peach and Salter.

Murchison attended the meetings of this Association at Dublin
in 1857, and at Leeds in 1858, on both occasions making use of
the opportunity for explaining in detail his ideas concerning the
age and succession of the Highland rocks. On the latter

1 Colonel Sir Henry James is said to have made similar observations
during the same scason, the summer of 1856, and to have communicate
them to Sir Roderick Murchison by letter. But there can be no doubt that
Niﬁ;:gl'ﬁ 't;liscovery was made quite independently, and he was the first to
publish it,
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occasion, he challenged his old friend Nicol to meet him at the
forthcoming meeting at Aberdeen to discuss the question, and
the challenge was accepted.

When Murchison arrived at this city, in September 1859, he
brought with him a redoubtable champion in the person of Prof.
(now Sir Andrew) Ramsay, the director of the Geological Sur-
vey, who had been conducted to Assynt and shown the section
there, It may perhaps serve as a caution against hasty general-
Isations, drawn from a single section imperfectly examined, to
remember that so excellent a field-geologist as Ramsay un-
doubtedly was not only failed to see the weakness of Murchison’s
position, but threw all the weight of his great authority into the
scale against Nicol in this memorable controversy.

Nicol, however, laid before this meeting a paper which, after-
wards published in detail in the Fournal of the Geological
Society,! must be admitted to have really established the main
facts concerning the geology of the Highlands as accepted by all
geologists at the present day; though his views, as is not un-
commonly the case with great and original discoveries, were met
for a long time with nothing but bitter opposition or cold neglect.
Permit me to state, as briefly as possible, the conclusions which
Nicol, as the result of three years of patient work in the
Western Highlands, was able to announce in this place, just
twenty-six years ago.

1. He maintained with Macculloch and Hay Cunningham,
and in opposition to the views originally propounded by Sedg-
wick and Murchison, that there exists in the Western Highlands
an enormously thick series of red sandstones, quartzites, and
limestones, which rest unconformably upon the ancient gneisses
and schists, and belong to a far older geological period than the
Old Red Sandstone.

2. He showed that this series of strata really constitutes fwo
distinct formations, and that the older of these, the Torridon
Sandstone, consists of red sandstones and conglomerates, in
which no organic remains could be detected.

3. The younger of these formations was shown by him to lie
unconformably upon the Torridon Sandstone, and to consist of
three members, which Nicol named the Quartzite, the Fucoid
Beds, and the Limestone (Quart. Fourn, Geol. Soc. vol. xvii.,
1861, p. 92, &c.). It is this formation which has yielded the
interesting fossils of Lower Palaozoic age.

4. The apparent repetition of beds of quartzite and limestone,
which was insisted upon by Murchison, was shown to be due to
faulting and overthrow, and thus the ‘‘ Upper Quartzite ” and
the ¢ Upper Limestone” of that author were proved to have no
real existence (Quart. Fourn. Geol. Soc. vol. xvii.,, 1861, pp.
98, 108, 109, &c.).

5. What so many authors had taken for a conformable up-
ward succession of this older Palaozoic formation into overlying
schist and gneiss, was asserted by Nicol to be an altogether
fallacious appearance, due to the thrusting of the crystalline
rocks over the sedimentary ones by great overthrow-faults.

6. The relations between these crystalline and sedimentary
strata in the Scottish Highlands were shown to be precisely
similar to those which are constantly produced by lateral pressure
in all great mountain-chains, and consist of sharp foldings, in-
versions, and faulting on the very grandest scale. Ixamples of
overthrow-fanlts, similar to those of the Scottish Highlands, were
instanced by Nicol as occurring in the Alps (Quart. Fourn.
Geol. Soc. vol. xvii., 1861, pp. 108, 109, 110).

We cannot perhaps better illustrate the position maintained by
Nicol in this remarkable paper than by quoting the following
passage : “ Until some rational theory is produced of the mode
in which an overlying formation, hundreds of square miles in
extent and thousands of feet in thickness, can have been meta-
morphosed, whilst the underlying formation of equal thickness
and scarcely less in extent has escaped, we shall be justified in
admitting inversions and extrusions” (Z.e., of older masses on
younger, as he explains his meaning to be) ‘‘equal to those of
the Alps” (Quart. Fourn. Geol. Soc. vol. xvii., 1861, p. 110).

The only serious error into which Nicol fell—and after all it is
a very inconsiderable one judged in comparison with his un-
doubtedly great achievements—was that of attaching too much
importance to the influence of igneous intrusions in connection
with the tremendous inversions and overthrow-faults to which he
so clearly showed that these Highland rocks have been subjected.
We now know that many of these supposed intrusive masses,

1 Quart. Journ. Geol. Soc. vol. xvii., 1861, pp, 85-113. This paper was
read on December 5, 1860 ; although its title is sli§hlly different, the whole

course of the argument is the same with that of the paper read here in the
September of the previous year.

though really of igneous origin in all probability, were of ol/der
date than the Palwxozoic rocks in the midst of which they lie ;
and that they were brought into their present positions, not by
intrusion in a liquid state, but by complicated faulting. It must
be remembered that these ‘‘granulites,” as Nicol very justly
called them (Quart. Fourn. Geol. Soe. vol. xvii., 1861,
p. 89) for they present a wonderful analogy with the typical
rocks of Saxony which are known by that name, have long been
regarded by geologists as among the most difficult and perplexing
of rocks to explain the origin of, though the recent researches of
Dr. Lehmann have now done something towards the solution of
the problem.

Calmly reviewing, in the light of our present knowledge, the
grand work accomplished single-handed by Nicol, I have no
hesitation in asserting that when this Association’ met here
twenty-six years ago, he had already mastered the great Highland
problem in all its essential details, and that his results were
distinctly proclaimed during the meetings of this section.

If, then, Nicol had so fully solved this great problem of
Highland geology twenty-six years ago, how is it, may not un-
veasonably be asked, that we have waited so long for the justice
of these views to be admitted ?

A variety of circumstances have contributed to bring about this
unfortunate result, Murchison was at the time too old and
infirm to examine in careful detail the wild districts where those
rock-masses are exhibited. Hence Nicol’s oft-repeated invita-
tions to view the sections in his company remained unheeded,
and we find the great geologist of Aberdeen writing in 1866 his
concluding plaintive words in this memorable discussion: I
must express my most sincere regret that my illustrious opponent
—from whom only the most thorough conviction that my views
are well founded, and that the question was one on which it
became a teacher of geology in Scotland to give no uncertain
utterances, could have compelled me to differ—has never found
it convenient to meet me again in the North. I am convinced
that we agree in so many essential points, that a few hours
together in the field would bring us nearer in opinion than
whole volumes of controversy.” (*‘Geology of the North of
Scotland, p. 96.”)

The phalanx of eminent geological authorities opposed to the
views of Nicol, including Professors Harkness, Ramsay, Archi-
bald Geikie, and Hull, for a long time cariied all before them ;
but it is now admitted that each of these excellent observers was
deceived by having seen only portions of the evidence, and that
they based their conclusions on imperfect data. Nicol, though
during the later years of his life he declined unavailing coa-
troversy, still continued to study the Highlands year by year, re-
examining every joint in his armour and satisfying himself of its
soundness.

In the year 1877 I had an opportunity of visiting for the first
time the interesting sections of Assynt and Loch Broom, in
company with Dr. Taylor Smith, F.G.S., and Mr. Richard D.
Oldham, now of the Geological Survey of India. Although I
entered upon this task with the strongest prepossessions in
favour of the Murchisonian hypothesis, yet what I saw there
during several weeks of work convinced me that the theory of
an ‘“ Upper Quartzite” and an ‘‘ Upper Limestone ”’ was alto-
gether untenable, and that, so far as these two sections were
concerned, Nicol’s interpretation was undoubtedly the correct
one. I was greatly impressed with the proofs of enormous
folding and faulting among these Highland rocks, and when,
shortly afterwards, 1 had an opportunity of meeting Prof. Nicol
in this place, and of hearing (rom his lips many details of his
later work, I strongly urged him to republish his conclusions
with the fuller illustrations and arguments which he was then so
well able to supply. To all my pleadings he made but one
reply : important as he knew these discoveries to be, yet in his
advancing years he thought but little of the glory of them com-
pared to their painful consequences to himself—the breach of the
old friendly relations with one he, to the end, so greatly loved
and honoured. He strongly deprecated at that time the re-
opening of a controversy associated for him with such bitter
memories ; but he expressed his full conviction that when suffi-
ciently accurate topographical maps were in existence, and the
whole district should be surveyed by competent geologists, the
truth of all the essential parts of his teaching would be
established.!

1 In my two earlier papers ‘‘On the Secondary Rocks of Scotland,”
published in 1873 and 1874 respectively, I had employed the Murchisonian
nomenclature for the older rocks of the Highlands whenever I had occasion
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Most completely have these anticipations of Nicol been ful-
filled. During the last seven years many of the sections of the
Western Highlands have been visited by different geologists,
Dr., Hicks leading the way, and not a few papers have been pub-
lished embodying the results of these new studies of some of the
disputed points.  Such an able review of this recent work has
been lately drawn up by my friend, Prof. Bonney, in his
Anniversary Address to the Geological Society, that I need not
go over the ground again, but will content myself by referring
to that address and to two exhaustive papers read by Dr. Hicks
before the Geologists’ Association for full details concerning this
later work. It will be seen that while new methods of study
have enabled them to improve or correct Nicol’s petrological
nomenclature, the principal conclusions of nearly all these writers
concerning the relations of the several rock-masses entirely
support his views on the subject.

But very recently Nicol’s work has been tested in the way
which he himself so earnestly desired. Prof. Lapworth, who,
like Nicol, was especially prepared for the task by long and
patient study of the crumpled Silurian rocks of the Borderland,
taking advantage of the newly published Ordnance maps of
Sutherland, proceeded in the summer of 1882 to Eriboll, bent
on the task of unravelling the complicated rocks and of mapping
them upon the large scale of 6 inches to the mile. Prof.
Lapworth’s detailed maps and sections were exhibited to the
Geological Society on May 9, 1883, during the reading of a
paper by Dr. Callaway, in which the views of Nicol also received
a considerable amount of valuable support,

In the same year, 1883, a detachment of the Geological Survey
of Scotland, under the superintendence of Messrs. B. N. Peach
and J. Horne, commenced the detailed mapping of the Durness-
Eriboll district. How admirably these gentlemen have per-
formed their task we all know, and I hope that some interesting
information concerning their conclusions will be laid before the
present meeting. In offering them—as I am sure that I am
empowered by you to do—the hearty congratulations of the
Geological Section of the British Association upon the auspicious
commencement of this great undertaking, I cannot refrain from
reminding you that, of the leaders in this important enterprise,
one is the son of the discoverer of the Durness fossils, the
veteran Mr. Charles Peach to whom we owe so much, while
the other ds a very active and efficient local secretary of this
Section,

Nor should I do justice to my own sentiments on the subject
if I failed to bear tribute to the judgment displayed by the
present chief of the Geological Survey in his choice of a base
from which to attack this difficult problem, to his loyalty in
accepting results so entirely opposed to his published opinions,
and to his promptitude in making his fellow-workers in geology
acquainted with these important discoveries. Unfortunately
called upon while still young, and with but little of that ripe
experience which he has since gained, to grapple with the most
intricate of problems—problems which the most practised of
field-geologists might be forgiven for failing to solve—his own
judgment yielded, though rot without serious misgivings (see
* Memoirs of Sir Ioderick Murchison ” (1875), vol. ii, p. 238)
when opposed to the ardent confidence of a companion and
friend whose reputation in the scientific world commanded his
respect, and whose previous achievements had won his complete
reliance. If, like your own Randolph at Bannockburn, he has
““lost a rose from his chaplet’’ at the commencement of this
great Highland campaign, we are well assured that the error will
be worthily repaired in its subsequent stages.

The conclusions arrived at by Nicol, by Professor Lapworth,
and by the officers of the Geological Survey, are, in all their
main features, absolutely identical ; and the Murchisonian theory
of Highland succession is now, by universal consent, abandoned.

In the second of the great cintroversies to which we have
alluded as having occupied the attention of this Geological
Section in- 1859—that concerning the age and relations of the
Reptiliferous Sandstone of Elgin—the combatants were found
ranged in quite a different order. Nicol is seen battling shoulder
to shoulder with Murchison, Ramsay, and Harkness, in favour
of the Paleizoic age of the beds in question ; while Lyell, sup-
ported by Symonds of Pendock and Moore of Bath, is as stoutly
maintaining their Secondary age.

The finding by Mr. Patrick Duff, in the year 1852, of the
to refer to them ; but in the third of this series of papers, published in 1878

(Quart. Fourn. Geol. Soc. vol. xxxiv. p. 660), 1 had no hesitation in aban-
doning this terminology for that of Nicol.

little fossil lizard called Zelerpeton, and the determination of its
true nature by Mantell and Owen, constitute a discovery com-
parable in importance and fruitfulness to Mr. Peach’s detection
of the fossiliferous character of the limestone of Durness ; up to
that time no doubt had ever been entertained as to the ““ Old
Red” age of the yellow sandstone of Elgin. For bringing
together the remarl)r;able fossils of these rocks, geologists are
indebted to the untiring labours of Dr. Gordon of Birnie—whom,
full of years and honours, and the object of such universal respect
and love as indeed make grey hairs a ‘“crown of glory,” we
rejoice to have still in our midst. Studying Dr. Gordon’s im-
portant collections, Professor Huxley was able, shortly before
the previous meeting of the Association in this city, to announce
that a crocodilian (Stagonolepis), and a second lizard of Triassic
affinities (Hyperodapedon), existed at the period when these beds
were deposited, so that even in 1859 the paleontological evidence
in favour of the Mesozoic age of these rocks was admitted to be
almost overwhelming.

But this evidence has been very greatly strengthened since that
date ; for Professor Huxley has shown that the genus /7y peroda-
pedon is represented in the Trias of Warwickshire, of Devon-
shire, and of India. In the same reptiliferous sandstone, with
its abundant footprints, the teeth of Cerafodus, a fish unknown
in the Palaozoic rocks, have been found, together with the re-
mains of a reptile which Professor Huxley permits me to state is,
in his opinion, probably Dinosaurian. 1 am sure that you will
all join with me in the hope that the health of the President of
the Royal Society may soon be so far restored that he may be
able to return to the examination of these fossil reptiles of Elgin,
in the study of which some of the earliest of his great paleonto-
logical discoveries were achieved.

The manner in which the yellow sandstones, which have
yielded these reptilian remains, are at many different points
found associated with beds containing Holoptychius and other
Old Red Sandstone fish, appeared to many geologists altogether
inexplicable on any other hypothesis than that the strata are all
of the same geological age.

In spite, however, of these appearances, and the interesting
observations of Dr. Gordon and Dr. Joass on the rocks of the
Tarbet peninsula, which seemed to support the hypothesis just
referred to, I am able to announce that proof of the most clear
and convincing character now exists of the distinction between
the fish-bearing ‘“ Old Red ” and the reptiliferous ‘‘ New Red ”
of the neighbourhood of Elgin, In the year 1873 I showed that
rocks, identical in character with the reptiliferous sandstone of
Elgin, and the overlying calcareous and cherty rock of Stotfield,
exist on the northern side of the Moray Firth, in the county of
Sutherland, and that they there conformably underlie Rhztic
and Liassic strata. Very recently Dr. Gordon has added a
crowning discovery to his long list of previous ones, by detecting
in the same quarry the rocks containing the reptilian and fish
remains respectively. I find, however, that while the two series
of beds present well-marked differences in their ; mineral
characters, the yellow sandstones with fish remains clearly over-
lie the undoubted Upper Old Red, and are separated from it by
a well-marked bed of conglomerate. In other quarries in the
district, the manner in which these two series of strata have
been thrown side by side by the action of great faults is very
clearly exhibited. I hope that full details of the evidence on
this interesting subject will be laid before you during the present
meeting.

The facts relied upon by the Palxontologist and the Strati-
graphist respectively are thus found to be no longer otpposed to
one another. By a complicated series of parallel faults, the
Devonian and Triassic sandstones, which happen to have a
general resemblance in their mineral characters, are found again
and again thrown side by side with one another in the Elgin dis-
trict, so that the error into which geologists fell before the
discovery of the distinctive fossils of the two sets of rocks, was
a very pardonable one.

A retrospect of these two controversies, now so happily laid
at rest, is not, I think, without its uses for the student of High-
land geology, for it may serve to furnish him with some useful
warnings which are in great danger of being overlooked at the
present time.

The discovery of a few fossil remains in strata where they
were previously unknown, has completely revolutionised our
ideas concerning the age of rock-masses of enormous extent
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thickness. Resemblances in mineral character have been proved
not only to have been, at their best, very unsafe guides indeed,
but to have actually betrayed those who trusted in them into the
most serious errors. But for the discoveries of Charles Peach
on the one hand, and of Patrick Duff and Dr. Gordon on the
other, geologists would probably still continue to class the sand-
ﬁogeﬁ of Torridon and Elgin respectively with the ¢ Old
ed.

_ But perhaps the consideration of greatest importance which
is impressed upon us by this retrospect is, that in these High-
land districts we must be always prepared to meet with rock-
masses of very different geological ages, thrown into puzzling
Juxtaposition by the gigantic movements to which this part of
the earth’s crust has been subjected. He who enters on the
study of Highland geology without being prepared to encounter
at every step complicated foldings, vast dislocations, and stupen-
dous inversions of the strata, can scarcely fail to be betrayed
into the most disastrous and fatal errors.

The early history of Scotland is inextricably interwoven with
that of Scandinavia. This proposition, true as it is of the in-
significant periods of which human history takes cognizance,
applies with even greater force to the vast epochs that fall within
the ken of the geologist. To us the separation of Scotland and
Scandinavia is an event of very recent date indeed ; it is not
only an accident, but an uncompleted accident ! The Scottish
Highlands, with the Hebrides and Donegal on the one hand,
with Orkney and Shetland on the other, must be regarded—to
use a technical phrase—as mere ¢ outliers ” of the Scandinavian
Peninsula.

We must acknowledge, at the outset, that the study of the
geological history of this Scandinavian peninsula and its outliers
1s a task bristling with difficulties,. The problems presented to
us in our Scottish Highlands are vast, complicated, and at times
seemingly insoluble. ~But they are precisely the same problems
that confront our brother geologists in Scandinavia, And if our
tasks, our doubts, our perplexities are the same, we equally
share in the advantages and triumphs of discovery.

The geologists of Scandinavia—and right worthy sons of
Thor they are—have the advantage of possessing a territory
almost limitless in its vastness, and seemingly infinite in its
variety. But the very extent of their splendid country, with its
sparse population and restricted means of communication, in-
creases the difficulties of their task, ¢ The harvest truly is
plenteous, but the labourers are few !”  With our smaller area,
if we cannot expect so much variety, we may hope to gain some-
thing from the number of our students and the greater access-
ibility of our fields of labour.

Nor would I undervalue, in this connection, the importance
of the union of this country with England. I allude, of course,
not to events of yesterday, like the Accession of James VI. to
the English throne and the Parliamentary Act of Union, but to
operations that preceded these by many millions of years! It
is no small advantage that a country like Scotland, in which the
rock-formations are found hopelessly crushed and crumpled
together, or broken into a thousand illfitting fragments that seem
to defy all attempts to reduce them to order, should be united to
one like England, where, by comparison, all is orderly and
simple, the strata lying in regular sequence like well-arranged
volumes in a library, and only await the touch of the geologist’s
hammer to display the wealth of their fossil contents,

The great Scandinavian massif, with its outlying fragments,
constitutes the ‘“basal-wreck ”—to employ Darwin’s expressive
term—of a great Alpine chain. On other occasions I have
endeavoured to show how much our study of the nature and
products of volcanic action is facilitated by the existence of
similar ‘“ basal-wrecks ” of volcanic mountains, like those which
exist in your beautiful Western Isles. In the same way, 1
believe we may learn more by the study of this dissected moun-
tain-chain, concerning the operations by which these grand
features of our globe have originated, than by the most pro-
longed examination of the superficial characters of the Alps or
the Himalayas.

Here the scalpel of denudation has laid bare the innermost
recesses of the mountain-masses, and what we can only guess at
in the Alps and the Himalayas, here stands in our own High-
lands clearly revealed to view.

It is a well ascertained fact that all the existing lofty moun-
tain-chains have been formed at a very recent geological period.
The reason of this it is not difficult to divine. In the higher
regions of the atmosphere, the forces of denudation work so

rapidly that within a very short period—geologically speaking—
the vastest mountain-chain is razed to its very foundations—

“ They melt like mists, the solid lands,
Like clouds they shape themselves, and go ! ”

It is not surprising then to find Powell and Gilbert, fresh from
the study of the grand mountain-masses of the American Con-
tinent, giving expression to these thoughts in the following
words : ‘“ All large mountains are young mountains, and, from
the point of view of the uniformitarian, it is equally evident that
all large mountains must be growing mountains ; for if the pro-
cess of growth is continuous, and if a high mountain melts with
exceptional rapidity before the play of the elements, it is illogical
to suppose that the uprising of any mountain, which to-day is
lofty, has to-day ceased.”

The Scandinavian Alps wzre aliving and a growing mountain-
chain in the far distant Palaeozoic period. Now it is not only
dead, but stretched on the dissecting table of the geologist—its
outer integuments and softer tissues stripped away, and its very
skeleton bared to our view—a splendid ‘ subject” for the student
of mountain anatomy.

One of the first to recognise this value of our Scottish High-
lands to the student of Orographic Geology was the late Daniel
Sharpe. He had made himself familiar with many of the
characteristic details of Alpine architecture—so far as it was
then understood—and was able to show that the foliated masse s
of our Highland districts exhibit precisely those relations which
would be seen if the contorted and fan-like masses of the Alps
were planed away by denudation. Nor in suggestions of this
kind, as we have seen, was James Nicol far behind Sharpe ;
but at that time many of the most important features of moun-
tain-structure were unrecognised or misinterpreted, and the con-
clusions of these geological pioneers were little more than
guesses—though very valuable and suggestive guesses—after
truth,

It is to our geological brethren over the Atlantic that we are
especially indebted, not only for many important discoveries in
the mechanics of mountain-formation, but for clearing away
many of the clouds of error in which the subject had become in-
volved. To Henry Darwin Rogers, who, after a career of
valuable geological work in his native State of Pennsylvania,
accepted the hospitality of this country, and spent the last decade
of his useful life as Professor of Natural History and Geology in
the sister university of Glasgow, must be assigned the foremost
place in that school of orographic geologists which has grown up
in America.

The first sketch of the important theory of mountain-building
to which Rogers and his fellow-geologists were led by the study
of the Appalachian chain, was published in 1842, but it was not
till 1858 that the complete evidence on which this theory was
founded could be published.

The conclusion at which Rogers arrived was, briefly expressed,
as follows :—The Appalachian mountains were carved by denu-
dation out of an enormously thick mass of stratified deposits,
thrown into a series of parallel wave-like folds. To the west-
ward of the mountain range ‘‘ the crust-waves flatten out, recede
from one another, and vanish into general horizontality ; ” but
towards the heart of the mountain-mass the same flexed strata
become greatly crowded together, their ‘‘axis-planes,” become
more and more inclined, till at last their folds, yielding at their
apices to the tremendous lateral thrust, fractures twenty to
eighty miles in length, and attended with a displacement of
20,000 feet or more, were produced.

Unfortunately Rogers accompanied these just views of moun-
tain structure with certain crude speculations and untenable
hypotheses concerning the methods by which they were produced.
But in the minds of other American geologists, among whom
may especially be mentioned Dana, Le Conte, and Vose—the
fruitful ideas of Rogers have undergone development and ex-
pansion, while they have received abundant illustration through
the labours of that active band of pioneers—the United States
Geological Survey—including Clarence King, Powell, Emmons,
Hague, Dutton, Gilbert, and many others.

Nor have the brilliant results attained by these investigators in
the New World been without their effect on the geologists of
Europe. Lory, Suess, Heim, Baltzer, and others have shown
that the clue to the right understanding of the structure of the
Alps, which had been so diligently sought and so long missed by
Von Buch and De Beaumont, by Studer and Favre, was now
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i)laced in our hands by the researches of the American geo-
ogists.

In Northern Europe, Kjerulf, Dahll, Brogger, Reusch, and
other geologists have ably illustrated the same peculiarities of
structure in the denuded mountain-chain near the southern ex-
tremity of which we are now assembled ; and in a recent valu-
able and suggestive essay ‘“On the Secret of the Highlands”
Professor Lapworth has shown how perfectly these structures
are exemplified in the western district of Sutherland.

In offering a few remarks on some of the still unsolved prob-
lems of Highland geology I shall not hesitate to treat, as be-
longing to the same geological district, both Scandinavia and
Scotland. Not only is the succession of geological deposits in
the two areas almost completely identical, but the characters
of the several formations and their relations to one another in the
one country are almost the exact counterpart of what they are
in the other.

The problems which await solution in Scotland are the same
which confront our brethren in Scandinavia ; their difficulties
are our difficulties, their successes our successes ; if they share
the benefits of our discoveries, we equally partake with them in
the fruits of their achievements. Important links in the chain
of geological evidence, absolutely wanting in the one area, may
perchance be found in the other. Every advance, therefore,
which is made in the knowledge of the rocks of the one country,
must necessarily re-act upon the opinions and theories which
prevail among geologists in the other.

At the base, and forming the foundation of this greatly
denuded mountain-chain, there exist enormous masses of highly
foliated, crystalline rocks. These, in great part at least, under-
lie the oldest known, fossiliferous strata, and are therefore of
pre-Cambrian or Archeean age, In spite of the labours of
Kjerulf, Dabll, Brogger, Reusch, Tornebohm, and many others
in Scandinavia, and of Macculloch, Nicol, and their succes-
sors in this country, much still remains to fbe done in studying
the petrographical characters and the geognostic relations of
these widespread formations.

Some thirty years ago it was suggested by Sir Roderick
Murchison that among these Archaan rocks there exists a
‘“ fundamental gneiss,”-a formation which is the counterpart and
contemporary of the rocks in Canada, to which Sir William
Logan gave the name of ‘‘ Laurentian.” Since that time other
similar attempts have been made to identify portions of these
Archzean rocks in the Fighlands and Scandinavia with crys-
talline rock-masses in different parts of the New and Old
World.

I confess that, speaking for myself, I am not sanguine as to
the success of such endeavours. ‘The miserable failures which
we have seen to have attended similar attempts, in the case even
of far less altered rocks, where identifications have been based
on mineralogical resemblances only (and in connection with
which definite palaontological or stratigraphical evidence has
been subsequently obtained) ought surely to teach us caution in
generalising from such uncertain data. It has been argued that,
where palaontological evidence is wholly wanting, and strati-
graphical relations are doubtful or obscure, then we may be
allowedvto avail ourselves of the only data remaining to us—
those derived from mineralogical resemblances. But surely, in
such cases, it is wiser to admit the insufficiency of the evidence,
and to say ‘“ We do not know !” rather than to construct for
ourselves a ““fool’s paradise,” with a tree of pseudo-knowledge
bearing the Dead-Sea fruit of a barren terminology! The
impatient student may learn with the blind poet that

They also serve, who only stand and waits

It is thought by some that the application of the microscope
to the study of rock-masses may reveal peculiarities of structure
that will serve as a substitute for palaontological evidence con-
cerning the age of a rock when the latter is wanting, Greatly
as I value the insight afforded to us by the microscope when it is
applied to the study of the rocks, and highly as I esteem the
opinions of some of those who hold these views, yet I fail to see
that any such connection between the minute structure and the
geological age of a rock has as yet been established.

Although the bold generalisation which sought to sweep all
the crystalline rocks of our central Highlands into the great
Silurian net has admittedly broken down, yet it by no means
follows that the whole of these rock-masses are of Archaean age.
Nicol always held that among the complicated foldings of the
Highland rocks many portions of the older Palaozoic formations,

in a highly altered condition, were included (see Quart. Journ.
Geol. Soc. vol, xix. (1864), P 184, and ‘‘ Geology and Scenery
of the North of Scotland,” 1866). The same view has been
persistently maintained by Dr. Hicks, to whose researches among
the more ancient rock-masses of the British Isles geologists are
so greatly indebted, and also by Prof. Lapworth.

To the settlement of this very important question we may feel
sure that the effort of the officers of the Geological Survey will
be especially directed. The geological surveyors of Scandinavia
have been so fortunate as to detect, in rocks of an extremely
altered character, a number of fossils sufficiently well preserved
for generic and sometimes even for specific identification. Fail-
ing the occurrence of such a fortunate accident, I confess that it
has always appeared to me that the disturbances to which these
Highland rocks have been subjected are so extreme, and the dif-
ficulty of making out the original planes of bedding so great,
that but little can be hoped for from general sections constructed
to show the relations of the rocks of the Central and Southern
Grampians to the fossiliferous deposits of the North-West of
Sutherland.

Lying unconformably upon these Archaean crystalline rocks in
our North-West Highlands we find great masses of arkose or
felspathic grit, with some conglomerates, the whole of these
well-stratified deposits attaining a thickness of several thousands
of feet. These rocks, in their characters and their relations, so
greatly resemble the ‘‘ Sparagmite Formation” of Scandinavia.
that it is impossible to refrain from drawing comparisons between
them. The Scandinavian formation, however, includes calcareous
and slaty deposits, which are wanting in its Scottish analogue.
The *¢ Sparagmites” of Scandinavia, as a whole, appear to
underlie strata containing Cambrian (Primordial) fossils, but in
the very highest portion of the * Upper Sparagmite Formation ”
of Southern Norway there have been found, according to Kjerulf,
specimens of Paradoxides.

The Scottish formation has, on the other hand, yielded no
undoubted organic remains. Murchison, on the ground of its
unconformable infraposition to his Silurian strata, and its resem-
blance to certain beds in Wales which he called Cambrian, re-
ferred it in his later years to that system. Although an identifi-
cation, based on such grounds, must be admitted to be of small
value indeed, yet the discovery of ¢ Primordial ” fossils in the
very similar rocks of Scandinavia may be admitted to lend it
some slight support. In the present state of our knowledge,
however, it is surely wiser to admit that the question of the age
of these beds is still an open one, and to call it by the name
suggested by Nicol—¢ The Torridon Sandstone.” Kjerulf be-
lieves there is evidence that the Scandinavian Sparagmite, in
places, passes horizontally into true gneiss, and similar appear-
ances are not wanting in the case of our Torridon Sandstone.

(70 be continued.)

NOTES FOR THE OPENING OF A DISCUSSION
ON ELECTROLYSIS, TO BE HELD IN
SECTION B, AT THE BRITISH ASSOCIA-
TION IN ABERDEEN, SEPT., 1885, BY
PROFESSOR OLIVER LODGE

I. JWHAT is an Electrolyte? The question has two distinct
meanings :
(@) Is a given substance an electrolyte at all ; 7e, when
alone.
(#) Is it the electrolyte in any particular case ; 7.e. when
mixed with other substances.

In answering (@) remember that the fact of bad conductivity
does not imply that what there is is non-electrolytic. An
clectrolyte is one whose conduction is wholly electrolytic.
Distinction between metallic - and electrolytic conduction.
Obedience to Ohm’s law shown by electrolytes.

Tests of Electrolytic conduction. 1. Visible decomposition.
2. Polarisation.
3. Non - agreement
Volta’s series-law.
4. Transparency.

In answering ()3 the fact of bad conductivity gives a decided
negative, but substances which almost insulate when alone may
conduct when mixed ; e.g. H,0 + HCL

To the question, What is the real conductor when a salt (or
acid) is dissolved in water? there are four possible answers :

with
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(1) The salt only,
(2) The water only,
(3) Both the salt and the water,
(4) A hydrate of the salt.
(1) is to be held by those who regard the water as unchanged
by the addition of sait
(2) is to be held by those who suppose the water-molecules
o be dissociated, or mechanically knocked asunder, by the
massive salt-atoms
(3) and (4) are mere modifications of one another, not easily
Lo be distinguished.
In deciding this question (4) we really decide what are the
Primary and what are the secondary products of electrolysis.
Di-cussion of experimental evidence bearing on the point.
Hittorf’s and Buff’s experiments on mixed Electrolytes.
.~ Magnus and others on the effect of current-intensity. (With
Intense currents you are more likely to get the real ions liberated
because secondary actions have hardly time to occur).
Direct experiment suggested by observing the place of appear-
ance of free acid ; and preliminary reply in favour of (3) or (4).
Valid objection suggested by Smee to regarding any of these
experiments as crucial ; but possible means of evading the
objection.
. Experiments of Hisinger, Berzelius and Davy on electrolytes
in serie: sometimes throw light on the question, which are the
real ions.

Do ions in salt-
And, in any case, at

I1. Questions aboul the *“ migration of ions.”
solutions travel at different rates?
what rate do they travel ?

Distinction between fused and dissolved compounds.

There being simple experimental evidence that solutions often
concentrate near anode and weaken near cathode, or perhaps
occasionally @ice wersd : what is the explanation ?

Several possible hypotheses :

(1) Hittorf’s that the salt is primarily decomposed and that
its ions travel at different speeds.

(2) Hittorf’s resort in exceptional cases, that per-salts are
electrolysed into sub-salts and radical.

(3) Burgoin’s, that a hydrate of the salt is electrolysed and
that the water travels mostly with the cation.

(4) D’Almeida’s, that a free acid envelop is formed around
anode and is electrolysed in series with the salt.

(5) Quincke’s, that opposite ions have charges differing in
magnitude as well as in sign, and are therefore urged with
different forces. &

(6) Wiedemann’s, that the entire salt molecules electrify them-
selves by contact with the water and are thus urged bodily either
with or against the current.

(7) Kohlrausch’s, that every ion has its own definite rate of
propagation in a given fluid when urged by a given force ; and
that this rate is calculable from conductivity, concentration, and
migration, data.

(8) Suggested, that opposite corresponding ions*must always
travel at equal opposite rates, but that in solutions the water may
conduct more or less of the current.

Mode in which this hypothesis (8) can explain migration ; and
limitation to its explanation,

Easy calculation of total or resultant velocity of ions, but
difficulty in apportioning the right fraction of this velocity to each
ion in accordance with Kohlrausch’s theory.

Reasons for supposing it necessary that opposite ions must
travel at the same pace.
| Wiedemann’s, Quincke’s, and Helmholtz's theories of electric
Endosmose, and proof by Wiedemann that it is independent of
““migration”’ phenomena.

Bearing of experiments with electrolytes in series on the
question of relative migration velocities ; and other suggested
migration experiments.

III. Quantitative Laws of Electrolysis.
(@) Ohm’s law of electrolytic conduction.
(#) Faraday’s two laws,
(1) The voltametric law.
(2) The law of electro-chemical equivalence.
And () dependence of decomposition EMF on, chemical
combinationrenergy.
Nature of experimental evidence in favour of these laws.
_Question whether Ohm’s law will be exactly obeyed for
violent currents. Very important consequences of the law, if
exact for feeble currents.

Physical consequences of Faraday’s two laws ; to be asserted
of all substances for which they are accurately true.

Law (1) asserts that no such electrolyte possesses a trace of
metallic conduction ; z.e. that electrolytic conduction and chemical
decomposition are precisely correlative. In Helmholtz’s words,
‘“Through each section of an electrolytic conductor we have
always equivalent electrical and chemical motion.” Or again,
in other words, with a spice of natural hypothesis (first due
perhaps to Ampere), Electrolysis is a kind of electrical conzection
rather than conduction, each atom carrying a charge with it;
and the charge conveyed by every atom of a given substance is
the same.

Law (2) extends this last important statement to all electrolytes,
and enables us to ccnclude that a definite quantity of electricity
belongs to each unit of affinity of every atom of whatever kind,
and that fractional portions of such atomic charges are, in
electrolysis at least, unknown.

This last is a most astounding statement, for it suggests that
electricity may be ¢‘ atomic” as well as matter.

Calculation of magnitude of this atomic charge ; enormous
value of it in proportion to size of atoms (107! electrostatic units,
probably, per monad atom).

IV. Questions concerning Polarisation ; and the EMF needed to
send a current through an electrolyte.

The chemical changes which go on in a circuit wholly electro-
lytic, or in any homogeneous portion of a circuit, are decom-
position and identical recomposition, and consume no energy :
accordingly no finite EMF is needed to send a current through
an electrolyte when the force is really applied to it, and Ohm’s
law is obeyed by electrolytes exactly as hy metals.

But at junctions of metals with electrolytes, or of electrolytes
with one another, permanent chemical changes may occur, and
at these places a finite EMF may be situated ; and this may be
either negative, when it is called polarisation, or positive, when
the whole arrangement is called a battery.

Calculation of such EMFs from thermo-chemical data.

Joule’s proof that the heat of chemical action is a secondary
result—electric currents being the primary. The EMF (whether
positive or negative) of any arrangement is obtained in volts, if
the total heat produced by the chemical changes per dyad
gramme-equivalent be divided by 46,000.

Total polarisation may be regarded as the sum of two kinds :

(@) Temporary polarisation, existing during continuance of
current.,

(4) Residual polarisation, existing afterwards.

(#) is caused by a more or less permanent alteration of the
surface of the electrodes by the clinging or combined ions.

(@) is caused, according to Helmholtz's theory, by a Leyden
jar action of the charged atoms straining across molecular dis-
tance of the surface of each electrode, and unwilling to part
with their charges. When the ions are able to combine with
the electrode, or otherwise retain their charges, this (¢) portion
is very small.

Effect of secondary actions in destroying polarisation, and
rendering possible a permanent current even when apparently
insufficiently propelled. Helmholtz's air-free cell.

Intense currents diminish the amount of secondary action ;
and also modify maximum polavisation values, raising them
above their customary amounts.

V. Mechanism of Electrolytic Conduction.

Electrolylic conduction is certainly a convection of Electricity
by atoms of matter; but coacerning the mode in which the
atoms make their way through the fluid there are several
hypotheses :

(1) The molecular chain of Grotthus ; modified and accepted
by Faraday and many others, modified further by Hittorf to
explain migration.

(2) The dissociation hypothesis of Clausius and Williamson ;
virtually accepted by Maxwell, modified by Quincke to explain
migration, and shewn by Kohlrausch to explain the facts of
conductivity.

(3) The electrostatic hypothesis of Helmholtz,

Because Ohm’s law is obeyed, it is certain that no polarisation
can exist inside a homogeneous electrolyte : in other words,
there is no chemical cling of the atoms there, but only a frictional
rub. Wiedemann’s view that conductivity is inversely propor-
tional to ordinary viscosity.

Probable independence of conductivity and tenacity of
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combination. Such facts as these, if well established, render
necessary some jform of dissociation hypothesis.

A Grotthus chain of quite equidistant atoms might serve,
instead of actual dissociation, or a momentary dissociation
would be sufficient ; but no hypothesis which involves a tearing
asunder of molecules in the #nerior of a homogeneous electro-
lyte can be permitted.

Herein lies the great distinction between electrolytes and
dielectrics.

Hypotheses (1) and (2) may be held in either of two forms :

(@) The electrical influence of the electrodes may be supposed
to reach every molecule of the fluid. This was Grotthus’s form
of (1), and is Quincke’s form of (2).

(#) The electrical influence of each electrode may only extend
within molecular distance of its surface, while the adjustments
occurring in the main body of the fluid are effected by ordinary
diffusion. This was probably Faraday’s form of (1) and it is
Maxwell’s form of (2).

Helmbholtz’s hypothesis (3) emphasises the (&) aspect of the
matter by appealing to electrostatic interactions of the atoms to
maintain uniformity of composition. And within a range of
1078 centimetres of each electrode there is supposed to exist an
ordinary electrostatic strain, like that in an ordinary dielectric
condenser plate.

The great magnitude ot the atomic charges explains the
feebleness of the difference of potential required to effect de-
composition on electrostatic principles. And the same thing
suggests a mainly electrical theory of chemical affinity.

To separate an atom from its charge requires expenditure of
work, hence Helmholtz’s theory of a specific attraction between
matter and electricity, which he uses to explain Volta’s
““ contact-force,” the charge of atoms in a molecule, frictional
electricity, and many other phenomena.

V1. Addenda.

Calculation of EMF needed to effect decomposition—
(a) of a dielectric,
(4) of an electrolyte,
on electrostatic principles.
Suggested theory of disruptive discharge.
Possible  distinction between chemical
molecular aggregates.
Discussion of various phenomena from the point of view of a
possible ‘“atomic” theory of electricity.

compounds and

NOTES

SINCE our last issue Dr. Harting, of the Dorpat Observatory,
has announced an apparent variation in the great nebula of
Andromeda, which has caused some excitement in the astrono-
mical world. As represented in all our drawings, and, still
better, in a photograph which Mr. Common was fortunate
enough to obtain last year, the centre of the nebula appeared to
be only moderately condensed. There was no star or stellar
point. Now, on the contrary, there is a most unmistakable star
of the eighth or ninth magnitude. The question is, is this a
stella nova in the line of sight of the nebula, or has the pheno-
menon been produced by a new condensation in the centre of
the nebula itself? Opinion inclines to the latter view, as, ac-
cording to some accounts, other accompanying changes have
been seen with large instruments, &c. But, on the other hand,
spectroscopic evidence that the apparent nebula is not a very
distant cluster is absent. By our next issue we may hope for a
large harvest of telescopic and spectroscopic observations of this
new object.

THE International Congress of Schoolmasters was opened in
the Grand Theatre at Havre on the afternoon of the 6th instant,
Mr. Goblet, the Minister of Public Instruction, presiding.

THE Severn tunnel has now been completed, and on Saturday
last a train containing officials and their friends passed through
it from end to end.

A cASE of Asiatic cholera has occurred at Cardiff, A labourer,
loading a vessel which had recently arrived from Barcelona,

drank water which had been put into a cask at that port, and
which was described by the medical inspector as totally unfit to
drink, having the appearance of discoloured milk, and being
putrid. The man died in a few hours of Asiatic cholera.

ON August 25 and subsequent days was held in Turin the
International Congress of Alpine Clubs. The principal topic of
discussion was the better management of refuges erected in
different parts of the Alps, new regulations for guides, and
pensions to be granted to them. The honorary president was
the King of Italy, His Majesty being represented by M. Loyi ;
the acting president was Prof. Ferrati. The readings of mini-
mum and maximum thermometers were also collected and dis-
cussed.  Several excursions took place at the close of the
session.

THE German Meteorological Society met for its third congress
at Munich last month. Prof. Bezold, of Munich, who delivered
the address of the meeting, took for his subject ‘“ The Advances
of Meteorology during the last Ten Years,” dwelling mainly on
the alterations made by the introduction of the synoptical method
in connection with telegraphy.

THE eleventh Bulletin of the United States Geological Survey
is a paper on the quaternary and recent mollusca of the Great
Basin, with descriptions of new forms, by Mr. R. Ellsworth
Call, with an introduction containing a sketch of the quaternary
lakes of the Great Basin, by Mr. G. K. Gilbert.

REPEATED severe shocks of earthquake have occurred in the
south-east of Lower Austria and in the north of Styria, and have
been followed by further shocks in Bonia, described as moving
from east to west.

WE have received Prof. Holden'’s account of the progress of
astronomy in 1884, and Prof. Rockwood’s account of vulcanology
and seismology for the years 1883 and 1884, reprinted from the
Smithsonian Report for 1884 ; also Mr, Albert Williams’s report
on placer mines, and mining districts, from the repirt of the
tenth census of the United States on the statistics and technology
of the precious metals.

THE programme of the technological examinations of the City
and Guilds of London Institute for the Advancement of Technical
Education for the session 1885-86 has been published. It con-
tains a detailed syllabus of the examinations for the different
grades on each subject, and copies of recent examination papers.
It is to be obtained at the offices at Gresham College, and at
Exhibition Road.

MRr. G. J. SymoNns, who has examined the trees recently
damaged by lightning in Richmond Park, has communicated
the results of his observations to the Zimes. They are two of a
group of oaks in the eastern part of the park, slightly south-west
of, but very near, the White Lodge. They were fine trees,
their girth at 3 feet being 11 and 12 feet respectively ; the trunks
are 23 feet apart, and one is nearly due north of the other.
There are three other trees quite close to them (within 40 feet),
which are uninjured, except by the branches which were thrown
upon them. The injury to one tree, though fatal to it, is un-
important, but the other tree affords a tremendous instance of
disruptive power. It appears to have been cut through horizont-
ally at about 3 feet above the ground ; the upper portion shows
comparatively little injury, but the lower part is not merely
stripped of its bark, but burst open in a very intense way }
spikes of the stem, several inches thick and 10 to 15 feet long,

' stand out from the trunk somewhat like the ribs of an umbrella

before it is fully opened, and grip between themselves and the
centre of the trunk branches which fell from the upper part
before they had time to reclose, while the ground for perhaps
200 feet around is strewn with the bark and fragments of
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the trunk, from scraps like lucifer-matches to pieces which some
men could not lift. From this state of facts Mr. Symons suggests
some problems : Why one tree rather than another should be
struck if it be not the tallest ? why, as in this case, the wreck of
one tree is greater than that of the other 23 feet away? what
produces this disruptive force ? &c. A curious questionis, Why
oaks and elms are especially liable to be struck? It was stated
in 1787 that the elm, chestnut, oak, and pine were the trees
most often struck in America; in 1860 Mr. Symons himself
stated, in a paper read to the British Association, that the elm,
oak, ash, and poplar were the most frequently struck in this
country. The last number of Das Wetter of Magdeburg con-
tains an abstract of ten years’ records of trees injured ; 265 are
reported, and of these 165 were oaks; the only other trees of
which the number was more than trifling were : Scotch firs, 34 ;
pines, 223 and beeches, 20. It has been suggested that the
frequency with which oaks are struck is due to the presence of
iron in the wood.

It is strange to contrast the weather which we have had
during the summer in England, and indeed in Western Europe,
with that prevailing in China, Japan, and the rest of Eastern
Asia.  While here it has been exceedingly dry, with as a rule a
hot sun during the day, in Japan it rained almost without inter-
mission throughout June and July, and the sun was rarely seen. It
has been in fact a season of unusually heavy rainfall ; while with
us the reverse has been the case. When the latest mails left,
landslips and inundations were of daily occurrence. Between
Yokohama and Tokio the railway line was blocked in several
places by masses of earth which had fallen, a great part of the
country was under water ; and the same reports come from Osaka
in the south of the main island. Here the water invaded the
line, washing away the ballast, and rendering passage imposs-
ible ; the inundations had rendered many people homeless, and
great distress prevailed in many places. The same story comes
from China. In the south, in the Kwangtung province, the
rivers which debouche at Canton had become swollen with the
constant rains, overflowed their banks, and spread desolation
far and wide. Whether there is any connection between the
extreme dryness here and the extraordinary rains in the'far East,
and whether either, as has been suggested, has any connection
with the unusual seismic activity prevailing at present, must be
left to meteorologists to determine ; but as this activity, whether,
as volcanic eruptions or as earthquakes, appears impartially dis-
tributed all over the globe, from Hungary to South America,
from the Eastern Archipelago and Japan to Cashmere, it is not
easy primd facie to see how it could be the cause of, or have any
connection with, such strikingly'different phenomena in different
parts of the Old World.

Tur Awk (vol. ii. Nos. 2, 3), published at Boston for the
American Ornithologists’ Union by Messrs. Estes and Lauriat,
continues to furnish evidence of the great activity with which
ornithology is prosecuted in North America, though the students
of that branch of science still affect rather the particular than the
general, much as did most British ornithologists some thirty
years ago, and as many do now. This perhaps is only to be
expected, and since the avifauna of North America is so enor-
mously larger than that of the British Islands, the condition may
very likely last longer there than here. Nearly every paper in these
two numbers (for April and July of the present year)—reviews
of books apart—refers only to the birds of the Nearctic Region
or Sub-region ; but most of them seem to the eye of a European
to be good of their kind. It looks as if the nomenclatural
Paroxysm, which lately afflicted our esteemed brethren in the
United States, were gradually passing away, and we trust that
they will then have time to apply their energies to more im-
portant subjects. Dr, Stejneger, however, has a fifth series of

his ““ Analecta Ornithologica.” His views are in the main so
entirely in accordance with what has generally been held in
England to be orthodox, that we cannot object to his labours,
whatever be the trouble they may cause ; and we greatly regret
the rare occasions in which we think him mistaken. One of
them is in his present paper (pp. 183, 184), where he strives,
and we consider fails, to make out that the generally accepted
name of Scops for a genus of Owls ought to be dropped. Because
Briinnich in 1762 turned Brisson’s Scopus into Scops, the latter
term was obviously not thereby established ; and the former
being, as Brisson tells us (Ornithologie, v. p. 503), his own
coinage from the Greek owiwd (wmébra) properly a shadow, but
taken by him to mean also the colour umber—a signification it
seems never to ha ve possessed—it is a wholly different thing from
the classical okdy, which has always meant an Owl of some sort.
Thus the two words are absolutely distinct, and Briinnich can
be only regarded as having made a misdirected attempt at gram-
matical emendation. We therefore hold that even the ornitho-
logists of America, who recognise Briinnich’s generic names (which
the ornithologists of Europe in general do not), will be fullyjustified
in retaining the name Scops in the sense in which Savigny used
it. Dr. Merriam has a notice (p. 312) headed ‘“ The eggs of the
Knot ( 77inga canutus) found at last!” but we must beg leave
to remind him that sixty-five years ago this bird was found to
breed abundantly on the Parry Islands, and, though admittedly
no eggs are now forthcoming in collections, it has always been
understood that specimens were then brought thence. It does
not now appear that Lieut. Greely brought home any, though
we trust he may have done so ; but if he did not we are much in
the same position as before in regard to that oological desidera-
tissimum. Mr. Ernest E. T. Seton has a letter (p. 316), admir-
able for its common sense, on ‘‘ The popular names of Birds,”
which in a new country, inhabited by English-speaking men and
women, is by no means a matter to be neglected. We have to
congratulate Mr. Allen on his promotion to the Curatorship of
the Central Park Museum in New York City, and Mr. Brewster
on succeeding to the appointment at Harvard University thereby
vacated. Both these gentlemen are so well known by name to
English ornithologists, that it is quite unnecessary to point out
their eminent qualifications for the posts they now respectively
hold, and we hope will long continue to enjoy. The name of
Dr. Coues does not appear as a contributor in either of these
numbers, which fact is, we suppose, attributable to his departure
westward, where we trust he will continue those field-observa-
tions for which he became distinguished so long ago. We miss
also any important communication from Dr, Shufeldt. Migh
we venture to suggest that the quantity of small type used in
this excellent journal is rather trying to some eyes? It unfor-
tunately happens that even ornithologists are not exempt from
some of the bodily inconveniences of advancing years, however
young they may continue mentally ; and at present the volume
of the Au# is not so obese but that it might wax fatter without
losing its volant powers.

CoL. YoLrLAND, C.B., F.R.S., one of the Inspectors of Rail-
ways under the Board of Trade, died on Friday last at Baddesley
Vicarage, Atherstone, Warwickshire. He was born in 1810,
was admitted into the Royal Military Academy, and obtained
his commission in the Royal Engineers in 1828. He rose by
regular promotion until he became lieutenant-colonel in 1855,
and a brevet colonel in the army in 1858. After being employed
in Canada till 1835, he was employed successively at the
Ordnance Survey at the Tower of London, at Southampton,
Dublin, and Enniskillen. During this interval he superintended
the publication of astronomical observations, first those made
with Ramsden’s zenith sector, and afterwards with Airy’s, the
latter observations being for the purpose of determining the
latitudes of various trigonometrical stations in Great Britain and
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Ireland. He also compiled an account of the measurement of
the Loch Foyle base, which was made during the years 1827--29.
The article on geodesy, which forms part of the mathematical
text-book used at the Royal Military College, was written by
Col. Yolland. In 1854 Col. Yolland was appointed one of the
Inspectors of Railways under the Board of Trade. In 1856 he
was selected as the engineer member of the Commission
appointed by the Secretary of State for War to consider the best
mode of reorganising the system of training officers of the
scientific corps, with the special intention of abolishing patron-
age and opening the commissions in those corps to competition.
The Commissioners, the other two of whom were Col. W. J.
Smith, R.A., and the Rev. W. C. Lake, visited France,
Prussia, Austria, and Sardinia, and, after studying the methods
of appointment in use in those countries, drew up a report,
which was printed by order of the House of Commons.

DRr. SCHOMBURGK’S Report on the Progress and Condition of
the Botanic Garden and Government Plantations in South
Australia for the year 1884, which is dated from the Botanic
Garden, Adelaide, in March last, gives, as usual, a good deal of
interesting matter on the cultivation of useful plants. The co-
operation, which has of late years been so much extended
between the botanic gardens in all our colonial and foreign pos-
sessions, has been the means of inciting the several directors to
increased energy in the development of new resources and the
interchange of valuable plants, so that matter of a similar
character, or treating of the same plants, often appears in reports
from gardens widely separated geographically from each other.
Thus we find in the report before us notes on the suitability or
otherwise for Australian culture of many plants that have been
similarly reported on from other parts of the world. Amongst
those reported upon by Dr, Schomburgk may be mentioned
mustard, rape, sesamum, ground nut, tobacco, hops, canary
seed, chicory, capers, esparto, &c., &c. Speaking of esparto
grass (Macrochloa tenacissimz), which is a native of Spain,
Portugal, and North Africa, and is, we are reminded, exported
into England alone to the amount of 140,000 to 150,000
tons a year, so that it is becoming scarcer cvery day,
and consequently fetching higher prices, Dr. Schomburgk
says : ‘“Considering the similarity of our climate with that
of Spain, I' endeavoured to introduce this valuable grass
into the Colony, which, after many difficulties, I succeeded
in accomplishing; and' I' have not been disappointed in its
acclimatisation in South Australia. The grass which I have
now cultivated for the last five years grows admirably with
us, notwjthstanding the most severe droughts we have to
contend with. It is propagated by seed. The question will
naturally be asked, “Suppose we succeed in growing the grass
here; where shall we find a market for it?” Our enterprising
and go-ahead neighbours in Victoria have already established
two paper mills, and I understand Sydney also possesses one,
so that, if we succeed, the market for the grass is close at hand,
and I think it would even pay to export the grass to England, as
by means of hydraulic pressure the bulk would be considerably
reduced.” Another industry which seems to promise well in
South Australia is the production of sumac, which consists of
the powdered leaves and twigs of R/us coriaria and Rhus cotinus,
shrubs of the Mediterranean region, and grown largely in Southern
Europe for the sake of the leaves. Dr. Schomburgk says both
plants grow in the Adelaide Botanic Garden, and the climate
seems to suit them ; he recommends, however, that trials should
be made to ascertain whether they would thrive in poor or sandy
soil. On this subject the British Consul at Palermo, in the
neighbourhiood: of which the best sumac is grown, says
the soil best adapted for the plant is that of a sandy nature. Tt
is propagated by cuttings; The bulk of the sumac is shipped
from Palermo to various countries, but principally to the United

States. A catalogue of plants added during 1884 to the col-
lection under cultivation at the Botanic Garden is given in the
form of an appendix.

IT was hardly to be expected that the season should pass with-
out the appearance of the sea-serpent somewhere, and if we are
to believe the information forwarded to us from a correspondent
in Norway, it has just visited the coast of Nordland, Three
Sundays ago some lads were returning to the Island of Rod
from the church at Mel, in the middle of the day, when they
saw far out in the fjord a streak in the sea, which they believed
to be a flock of wild ducks swimming. On proceeding further,
however, they heard the whizzing as of a rushing fountain, and
in a few moments perceived a great sea-monster with great
velocity making straight for the boat. It appeared to be ser-
pentine in shape, with a flat, scaly head, and the lads counted
seventeen coilson the surface of the water just as it passed the
stern of the boat so closely that they could have thrown a boat-
hook into it. By subsequent measurements on land the length
of the animal was estimated at about 200 feet. It pursued its
course on the surface of the sea until close behind the boat,
when it went down with a tremendous noise, but reappeared a
little after, shaping its course for the Melo, where it disappeared
from view., Naturally the lads were greatly frightened. ‘The
weather at the time was hot, calm, and sunny. Our informer
states that the lads are intelligent and truthful, and that there is
no reason to discredit their unanimous statement, made, as it
were, in a terribly frightened condition. It might be added that
the waters in which the animal was seen are some of the deepest
on the Norwegian coast, and that it is not the first time fisher-
men have averred having seen the sea-serpent here.  The
existence of the sea-serpent is fully believed in along the coast
of Norway.

WE have received the Fowrnal and Proceedings (vol. xviii.)
of the Royal Society of New South Wales for 1884. Besides
the President’s address, it contains several papers, reports of the
various meetings, an abstract of the meteorological observations
at'the Sydney Observatory, and a rainfall map. Amongst the
papers we find one on the removal of bars from the mouths of
rivers, by Mr. Shellsbear ; on some New South Wales minerals,
by Prof. Liversidge ; on the oven-mounds: of the aborigines of
Victoria, by Mr. MacPherson ; on a new form of actinometer, by
Mr. Russell ; on the water supply of the interior of New South
Wales ; and shorter papers on gold, on the trochoided plane, on
doryanthes, &c., Mr. Caldwell’s paper on the embryology of
the marsupiala, monotremata, and ceratodus.

WE have to acknowledge a copy of the English translation of
the paper read by Messrs. Thorell and Lindstrém to the Royal
Swedish Academy of Sciences, on the Silurian scorpion found
in Gothland (NATURE, vol. xxxi. p. 295). It is published by
Norstedt and Sons, Stockholm.

THE ceremony of the Chevreul centennial has been postponed
until January 1, 1886. To give more solemnity to the celebra-
tion all the Paris students will be present at the /& ; now most
of them are in the provinces or abroad. The health of M.
Chevreul continues excellent, and the delay is not likely to prove
an obstacle to the ceremony.

Pror, DooLITTLE, of the Lehigh University, Pennsylvania,
has published a treatise on practical astronomy, as applied to
geodesy and navigation (New York : Wiley ; London : Triibner).
It is intended as a text-book for universities and technical
schools, and as a manual for the field astronomer, The object
has been to present in a systematic form the most approved
methods in use at the present time, and these are illustrated by
complete numerical examples. In the introduction the method
of least squares is developed with special reference to the
requirements of this particular class of work.
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NEARLY all the ironworks at Pittsburgh, besides some forty
iron firms within a radius of thirty miles, are now using the
natural gas of the district, as are also most of the glass factories,
distilleries, breweries, &c. This is creating an entire revolution
in the labour market there. The output of iron and steel at
Pittsburgh is about 750,000 tons per annum, and as it takes
some 50 bushels of coal to make one ton of iron, it follows that
at least 38,250,000 bushels of coal will be dispensed with in the
yearly consumption, throwing out of employment an enormous
number of miners, firemen, ashmen, roadmen, and other
employés of the collieries. The cause of this great change being
entirely one of nature’s arrangement renders it an impossibility
for trade unions and labour agitators to deal with the matter.

WE have received the Report and Proceedings of the Bristol
Naturalists’ Society for the year ending April 30 last. The
principal paper is a long one, with illustrations, by Prof. Lloyd
Morgan, on sub-aérial denudation and the Avon gorge, inwhich
he has worked out in detail the subject of the influence of geo-
logical structure on the scenery of the Avon, more particularly
of that section of the Avon basin lying between Bristol and the
Channel. There are also papers on the mapping of the mill-
stone grit at Long Ashton near Bristol by the same writer, on a
common fin whale stranded in the Bristol Channel by Mr.
Wilson, and on the newly-discovered phenomenon of apospory
in ferns by Mr. Druery. There are also papers on the rainfall
at Clifton in 1884, and meteorological observations with regard
to temperature during the same year. Finally Mr. Bucknall
prints the eighth part of his fungi of the Bristol district, and Mr.
White additions to his fora of the Bristol coal-field. The
report shows that only a portion of the papers read are printed.
Perhaps it is right to add in conclusion that the society is in a
flourishing financial condition, for it has not only a comfortable
balance on the right side of its current accounts, but has actually
a capital to the amount of 172 105, invested in securities.

A REPORT from the Government Astronomer in the ZAong
Kong Government Gazelle upon the progressive motion of
typhoons gives the following average velocities. The course of
the typhoon is here followed from its commencement on the
east coast of Luzon, the cradle of the typhoons of the China
seas, into the Sea of Japan, beyond which they are dissipated

and lost in the North Pacific :—
Nautical miles

an hour
East of Luzon 55 W Dy
China Seas between 12° zmd 18" PP g5)
China Seas between Hong ]\ong, Luzon, and
Southern Formosa } &t
About Hainan 13
East of Formosa 10

In Southern China :

Kwangmng, Foluen, and
Kiangsi ...

In the Formosa Strmts 12
About Shanghai 12
In Northern China ... 23
About Japan .. 0 19
In the Sea of an'm 30

Dr. NICKERSON, of New York, has published as a pamphlet
the memorial address by him on Joseph Henry and the mag-
netic telegraph, delivered at Princeton College. It is printed at
the request of the President and members of the College, and is
published by Charles Scribner and Sons, of New York.

WE have to acknowledge Mr. G. J. Symons’s ¢ British Rain-
fall” for 1884. The issue for 1860, in four pages, is reprinted
and bound with the volume, and is interesting as the beginning
of the elaborate work which Mr. Symons now publishes every

year. The present volume differs from its predecessors, inas-
much as it contains no articles from observers upon experimental
or other branches of rainfall work ; but their place has been
supplied by notes by the editor scattered throughout the book.
He has invited observers to report any facts within their know-
ledge bearing on the effect produced upon the level of water in
wells, &c., by the small rainfall of the year. Consequently
observers’ accounts occupy a considerable space. Mr, Symons
has added a full account of the drought.

Wz have received the report of the Verein fiir Naturkunde
of Mannheim for.the fiftieth and fifty-first years of its existence.
The report contains the jubilee address, and also a lecture de-
livered by the late Dr. Schimper in the year 1834, on the
classification and succession of organisms, together with a brief
biography of the author and a bibliography of his writings.

THE additions to the Zoological Society’s Gardens during the
past week include a Purple-faced Monkey (Semnopithecus leuco-
prymnus) from Ceylon, presented by Mr. Ernest Greathead ; a
Weeper Capuchin (Cebus capucinus &) from South America,
presented by Mrs. A. Sinclair ; a Ring-tailed Coati (Vasua rufa d )
from South America, presented by Master J. C. Robinson; a
Yellow-footed Rock Kangaroo (FPetrogale xanthopus®) from
South Australia, presented by Mr. C. W, Holden ; a Levaillant’s
Cynictis (Cynictis penicellata® ), a Suricate (Suricata tetra-
dactyla R ) from South Africa, presented by Mr. John Constable ;
four Black Water Voles (drwicola amphibius) from Scotland,
presented by Mr. W. Arkwright, F.Z.S.; a White-backed
Piping Crow (Gymnorkina leuconota) from South Australia,
presented by Miss A, Charsley; a Poé Honey-eater (Zrosthe-
madera Nove-Zealandie) from New Zealand, presented by Mr.
Charles Clifton, I.Z.S. ; a Humboldt’s Lagothrix (Zagothrix
Humdboldti) from the Upper Amazons, a Glutton (Gulo luscus)
North European, deposited ; a Jaguar (Ze/is onga) from America,
deposited ; two Long-fronted Gerbilles (Gerdillus longifrons),
two Snow Birds (Funco hyemalis), five Common Vipers (Vipera
berus), thirty Striped Snakes (Zropidonotus sirtalis) bred in the
Gardens).

ASTRONOMICAL PHENOMENA FOR THE
WEEK, 1885, SEPTEMBER 13-19

(For the reckoning of time the civil day, commencing at
Greenwich mean midnight, counting the hours on to 24, is here
employed. )

At Greenwich on Sept. 13

Sun rises, 5h. 34m. ; souths, 11h. 55m 44°2s. ; sets, 18h. 18m. ;
decl. on meridian, 3° 38’ N.: Sidereal Time at Sunset,
17h. s0m.

Moon (at First Quarter on Sept. 16) rises, 10h. 52m. ; souths,
15h. 50m. ; sets, 20h. 42m, ; decl. on meridian, 13° 54’ S.

Planet Rises Souths Sets Decl. on meridian
h. m. h. m, h. m. =
MBRCUTYS, e £0 Lt aes i IE0E0 hasa 28T T 0 vovicr 249525 N,
WVERDS L BRSO TN o Al 8 0 WO T a1 BRIS,
IVMAYEE &7 0 D2 et 1 080 5 oo LOGS R0 e RX BTN
Jupiter 5 10 II 45 .. 1818 56 N.
SAtRImL. | ... 12853 Vs XI5 19 s iaataaid,

* Indicates that the rising is that of the preceding day.
Occultations of Stars by the Moon

le‘resfpondmg
. es from ver-
Sept. Star Mag. Disap. Reap. ::f to right fo:-
inverted Lmagc

. h. m. h. m.
19 ... 13 Capricorni ... 6 ... 20 4 ... 2I 23 122 272
19 ... I4 Capricorni ... § ... 2T 33 ... 22 41 151 273

The Occultations of Stars are such as are visible at Greenwich.

t. 3
lg <« I9 ... Mercury at greatest elongation from the Sun,
18° west,
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ASTRONOMICAL NOTES

NEw CoMET.—A new comet, discovered by Mr. Brooks,
has been observed by Mr. Wendell, of Harvard College Ob-
servatory, and Mr. Ainslie Common, of Ealing. On Friday
night its approximate position was R. A, 13h. 53m., and N.P.D.
52" 20, Its R.A. isincreasing and N.P.D. decreasing ; diameter,
9 minutes of arc, and getting brighter.

NEw MINOR PLANET.—On the evening of the 3rd inst. Herr
Palisa, of Vienna, discovered a minor planet, thus bringing the
number of these bodies to 250. The following are the particu-
lars of the discovery :—September 3, oh. 53s. (Greenwich mean
time) ; right ascension, 23h. 34m. 44s. ; north polar distance,
106° 9' 35" ; daily motion in right ascension, 48s. decreasing, in
polar distance 3’ increasing ; magnitude, 11th,

GEOGRAPHICAL NOTES

THE Caroline Islands, which are attracting so much political
attention now, are described at some length in the Gasette
Géographigue. 1t is generally acknowledged that they were
discovered by a Portuguese navigator in 1526, and during the
rest of the sixteenth century they were frequently visited by
Spanish and Portuguese explorers. They were called the
Carolines about 1686 by a pilot named Lezcano, who saw many
islets there, but could not tell to what group they belonged, or
indicate their exact position. The name was given to them after
Charles II. ; they have also been called the New Philippines,
but this has never prevailed. Towards the end of the seven-
teenth century the Spaniards in the Philippines and Mariannes
learned something of the Carolines, and in 1705 an imperfect
map of the group was sent to Pope Clement XI., and then the
Jesuits of the mission at Manila resolved to establish a branch
in the Carolines. In 1710 the missionaries and a few soldiers
set sail, but on arriving at the Pelews were all massacred. Up
to 1817 the Carolines were visited by navigators of all nations,
but the number of the islands, their exact position, and the
hydrography of the seas in which they were situated, was
totally unknown, In that year Kotzebue, and subsequently
Freycinet, Duperrey, Dumont d’Urville, and others, visited the
whole of the Archipelago, and from them we got our first
accurate accounts of the Carolines and their inhabitants. The
Caroline archipelago forms part of Micronesia, and is situated to
the south of the Ladrones, to the west of the Marshalls, and to the
north of New Guinea. It consists of about 500 islands, of which
the greater number are only azo//s. The number of real islands
is only forty-eight, but as each of these is surrounded by a certain
number of islets, it may be said that the archipelago consists of
forty-eight groups; forty-three of these are low coral islands,
while five are composed of basalt with coral at the base. The
superficial area over which the archipelago is spread is about forty-
five square leagues. Geographically it may be divided into
three main groups, separated by two large channels : the eastern
group, of ‘which the principal island is Ascension or Ponape ;
the centval group, and the western group, the principal island
being Eap or Jap, of which much is being heard just now.
Ponape is between 50 and 60 miles round, and has a peak in
the centre which rises to a height of 2860 feet. At one part of
its coast there are curious ruins which are still a problem for
ethnologists ; they are apparently the remains of a large building
constructed of huge blocks of basalt. The archipelago, although
close to the equator, enjoys a temperate climate ; there are two
rainy seasons—one in January, the other in August. The islands
are of astonishing fertility ; the principal productions are the
bread-fruit, cocoa-nut, the palm, bamboo, orange, and clove
tree, sugar-cane, beetle, sweet potato, &c. The population is
generally estimated at 18,000 to 20,000, and belongs ethno-
logically to the Micronesian family, The principal elements are
Malay and Maori ; but there is also a mixture of Negrito and
Papuan, to which in later times was added a Chinese and Japan-
ese element. The language is as mixed as the race ; the gramm-
atical constructions are the same as those of the Maori, but
Malay influence is also evident. In some of the islands there
are two languages, as in Java—the vulgar and polished. They
have no religion properly so-called ; they believe in spirits, which
are the souls of their deceased ancestors, and they have a great
respect, a kind of cult for their dead, whom they preserve till
the body falls to pieces. As in all the islands of the Pacific,
tabu is practised. Each group of islands is governed by a chief
or king. His power in time of peace is purely nominal, but

he enjoys the respect of all ; but in the frequent bloody wars
his authority is unbounded, and all submit blindly to his will.

THE Pelews or Palaos Islands are quite distinct from the
Carolines ; they are the most western islands of Micronesia, and
are situated about 600 miles east of the Philippines. The archi-
pelago consists of ten principal islands and a number of islets. The
principal one, called Babelthuap, is 30 miles long, the southern
part being very mountainous. All the islands are covered by
thick forests, the trees of which are used by the natives to con-
struct their large canoes. Besides the yam and the cocoa-nut
there are also bananas, oranges, and a large number of nutritious
roots. The population is about 3500 souls, belonging to a race
which is quite ({istinct from the Caroline Islanders. They pre-
sent all the characteristics of the Malay and Papuan races, and
are probably the result of the mixture of a superior Malay tribe
with an inferior aboriginal people. Old travellers speak very
well of these natives : they are said to be in every way superior
to the inhabitants of the Caroline Islands. Here also there are
two languages : one for addressing superiors, the other inferiors ;
possibly it would be more correct to say that there is only one
language, with copious honorific forms. The king has insti-
tuted an order, which he gives or withdraws at his pleasure :
the insignia is the first cervical vertebra of the fish dugong.

THE Rundschau fiir Geographie und Statistik for September
reproduces a forgotten discourse of Alexander von Humboldt.
It was never published, although it was privately printed for the
use of the members of the Society before whom it was delivered.
It deals with the primitive peoples of America and the monu-
ments which they have left behind them, and was delivered
before the Philomatic Society of Berlin in January, 1806 ; that is
a few months after his return from his travels. It had grown to
be a bibliographical curiosity ; part of its contents was after-
wards reproduced in his ‘‘ Ansichten der Natur” and ‘‘Vues
des Cordilleres,” and later investigations have materially altered
some positions taken up; but the discourse is otherwise very
interesting, especially after its disappearance for nearly eighty
years,
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