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GEORGE SMITH

'I‘HE untimely death of Mr. George Smith at the early

age of thirty-seven, is a loss that can ill be repaired.
Scholars can be reared and trained, but hardly more than
once in a century can we expect a genius with the heaven-
born gift of divining the meaning of a forgotten language
and discovering the clue to an unknown alphabet. The
marvellous instinct by which Mr. Smith ascertained the
substantial sense of a passage in the Assyrian inscrip-
tions without being always able to give a philological
analysis of the words it contained, gave him a good right
to the title of “the intellectual picklock,” by which he
was sometimes called. The pioneer of Assyrian research,
and the decipherer of the Cypriote inscriptions, he could
be all the less spared at the present moment, when a key
is needed to the reading of those Hamathite hieroglyphics
to which the last discoveries he was destined to make
have given such an unexpected importance.

Mr, Smith was born of poor parents, and his school-
education was consequently broken off at the age of
fifteen, when he was apprenticed to Messrs. Bradbury
and Evans to learn the art of engraving. While in this
employment he often stole half the time allowed for
dinner for visits to the British Museum, and saved his
earnings to buy the works of the leading writers on

Assyrian subjects. Sir Henry Rawlinson was struck with

the young man’s intelligence and enthusiasm, and after
furnishing him with various casts and squcezes, through
which Mr, Smith was led to make his first discovery (the
date of the payment of tribute by Jehu to Shalmaneser (he
proposed to the trustees of the Museum that Mr, Smith
should be associated with himself in the preparation of
the third volume of the “Cuneiform Inscriptions of Western
Asia,” This was in 1867, and from this year Mr. Smith
entered upon his official life at the Museum and definitely
devoted himself to the study of the Assyrian monuments.
The first fruits of his labours were the discovery of two
inscriptions, one fixing the date of a total eclipse of the
sun in the month Sivan or May, B.C. 763, and the other
the date of an invasion of Babylonia by the Elamites in
B.C, 2280, and a series of articles in the Zeitschrift fiir
Aegyptische Sprache, which threw a flood of light upon
later Assyrian history and the political relations between
Assyria and Egypt.

In 1871 he published the “ Annals of Assur-bani-pal,”
or Sardanapalus, transliterated and translated, a work
which involved immense labour in the preparation of the
text and the examination of variant readings. This was
followed by an excellent little pamphlet on the chronology
of Sennacherib’s reign and a list of the characters of the
Assyrian Syllabary, About the same time he contributed
to the newly-founded Society of Biblical Archazology a
very valuable paper on “The Early History of Baby-
lonia” (since republished in the “ Records of the Past”),
as well as an account of his decipherment of the Cypriote
inscriptions which had hitherto been such a stumbling-
block and puzzle to scholars. The Cypriote Syllabary as
determined by him has been the basis of the later labours
of Birch, Brandis, Siegismund, Deecke, Schmidt, and
Hall,
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It was in 1872, however, that Mr, Smith made the dis~
covery which has caused his name to be a household
word in England. His translation of the “ Chaldean
Account of the Deluge” was read before the Society of
Biblical Archazology on the 3rd of December, and in the
following January he was sent to excavate on the site of
Nineveh by the proprietors of the Daily Telegraph. After
unearthing the missing fragment of the Deluge story, he
returned to England with a large and important collec-
tion of objects and inscriptions. Among these were frag-
ments which recorded the succession and duration of the
Babylonian dynasties, a paper on which was contributed
by the discoverer to the Society of Biblical Archzxology.
It was in connection with these chronological researches
that Mr, Smith’s invaluable volume on the * Assyrian
Eponym Canon ” was written for Messrs. Bagster in 1875,
Shortly afterwards he again left England to continue his
excavations at Kouyunjik for the Trustees of the British
Museum, and in spite ot the difficulties and annoyances
thrown in his way by the Turks, he succeeded in bringing
home a large number of fragmentary tablets, many of
them belonging to the great Solar Epic in twelve books,
of which the episode of the Deluge forms the eleventh
lay. An account of his travels and researches was given
in his “ Assyrian Discoveries,” published at the beginning
of 1875, The remainder of the year was occupied in
piecing together and translating a number of fragments
of the highest importance, relating to the Creation, the
Fall, the Tower of Babel, &c. The results of these
labours were embodied in his book, “The Chaldean
Account of Genesis.”

The great value of these discoveries induced the Trus-
tees of the Museum to despatch Mr. Smith on another
expedition in order to excavate the remainder of Assur-
bani-pal’s library at Kouyunjik, and so complete the col-
lection of tablets in the British Museum. Mr, Smith
accordingly went to Constantinople last October, and
after some trouble succeeded in obtaining a firman for
excavating, He set out for his last and fatal journey to
the East in March, taking with him Dr. Eneberg, a Finnic
Assyriologue. While detained at Aleppo on account of
the plague, he explored the banks of the Euphrates from
the Balis northward, and at Yerabolus discovered the
ancient Hittite capital, Carchemish—a discovery which
bids fair to rival in importance that of Nineveh itself,
After visiting Devi, or Thapsakus, and other places, he
made his way to Bagdad, where he procured between two
and three thousand tablets discovered by some Arabs in
an ancient Babylonian library near Hillah, From Bag-
dad he went to Kouyunjik, and found, to his intense dis-
appointment, that owing to the troubled state of the
country it was impossible to excavate. Meanwhile Dr.
Eneberg had died, and Mr. Smith, worn out by fatigue
and anxiety, broke down at Ikisji, a small village about
sixty miles north-east of Aleppo. Here he was found by
Mr, Parsons, and Mrs, Skene, the consul’s wife at Aleppo,
and a medical man having been sent for, conveyed him
by easy stages to Aleppo, where he died August 19th, He
has left behind him the MS. of a “ History of Baby-
lonia,” intended to be a companion volume to his “ His-
tory of Assyria,” published by the S.P.C.K. last year,

Mr, Smith’s obliging kindness was only equalled by his
modesty. Shortly after his return from his first expedition
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he was showing the present writer some of the tablets he
had found, when a lady and gentleman came up and
asked various questions, to which he replied with his
usual courtesy. They thanked him and were turning
away when, hearing his name pronounced, the lady
‘asked : “ Are you Mr, Smith?” On his replying “ That
is my name, madam,” she exclaimed, “ What, not the
great Mr, Smith | ” and then, like the gentleman with her,
insisted upon having “the honour” of shaking hands
with the distinguished Assyriologue, while the latter crim-
soned to the roots of his hair. His loss is an irreparable
one to Assyriology, even beyond his powers as a deci-
pherer, as his memory enabled him to remember the
place and nature of each of the myriad clay fragments
now in the Museum, while his keenness of vision made his
copies of the minute characters of the tablets exception-
ally trustworthy, It is distressing to think that he leaves
behind him a wife and large family of small children,
the youngest of whom was born but a short time before
his Jast departure from England. A, H, SAYCE

THE NORWEGIAN TOURISTS ASSOCIATION
Year-book of the Norwegian Tourists' Association for
1875 (Den Norske Turistforenings Arbog for 1875.)

(Kristiania : Cammermeyer).

HIS year-book, which is the eighth of a series issued

by the Association, contains some information likely
to be useful to those who intend to visit the fjelds of
Norway, and two papers at least of scientific interest by
Mr. A, Helland, The indefatigable mountain-climbers,
Mr. E. Mohn and Mr. Wm. Cecil Slingsby, have each
contributed a paper on their adventures during short ex-
cursions made on the Jotunheim-fjeld (“ Adventures on
the Fjelds,” and ““ An English Lady in Jotunheimer”).
These accounts, written in a lively, pleasant style (the
last in English), will be read with interest by tourists who
are in search of new fields of exploration. In the paper
of O, A. C. “ Bagatelles from a Journey in the Nord-
land,” the reader will find some fine description of
nature and life in the northern parts of the Scandinavian
peninsula,

The paper by Mr, A, Helland, “On ‘Cirques’ and
Sack-valleys,! and on their importance in the theories
of the Formation of Valleys,” will certainly be perused
with profit by the geologist. After a description of
cirques and sack-valleys, and of the forms intermediate
between the two, Mr. Helland remarks that the openings
of the cirques are generally directed towards the north,
This law, he says, is well illustrated by a large scale map
of the Jotunfjelds, constructed by Capt. Hertzberg ; and
from a table, in which the author gives the directions of
thirty-seven cirques of different magnitudes (from 0’3 to
4 kilometres long), it is seen that twenty-five cirques are
directed towards points lying between north-west and
north-east, eleven between north-west and south-west or
north-east and south-east, and one points towards the
south-cast. Certainly in other localitics there are cirques

1 Y Om botner o sckkedale, samt deres betydning for theorier om
dalenes dannelse.” A *‘botn,” a semi-circular mdcnmu(»n in the mass of
the field, is what is called in the Alps a *‘cirque.” A “‘swkkedal,” 7.e., a
valley, the head of which presents a. semi-circular culu ement, or a

drque, a valley which ends in a cnl-de sac, mi&ht called a “sack-
Vlllzv‘. a literal |ransln|mj1fof lhcI wor;!l “!:lnkkcdnld L ke 7

er is reprinted from the valuable periodical, Geologiska Foren-
ingens i 6}? pklmlm }w handlingar, ¥ 4

pointing even due south, but these are only exceptions to
the general rule, Besides, when a valley has a west-east
direction, or when the slope of a fjeld follows this direc-
tion, it is on the slope which faces to the north that semi-
circular indentations or little cirques are found.

A second law which may be established for the cirques
of the parts of Norway explored by the author, is, that
the largest are generally found in the neighbourhood of
the highest peaks of the country.

As to the origin of the cirques, Mr. Helland refers
to a note of Mr. Lorange, which he gives 7n exlenso,
and in which the author, though not a geologist by pro-
fession, makes some very valuable observations on the
cirques, on their close relations with glaciers, existing
and extinct, and with old moraines. His notes on
the transport of blocks from the interior of the cirques,
and on the directions of their transit, show how im-
portant was the part played by ice in the excava-
tion or in the clearing of cirques. The conclusions
arrived at by Mr, Lorange, and supported by Mr,
Helland are, that cirques, as well as sack-valleys, were
necessarily excavated with the aid of glacier-ice. But
the ice did not act as a direct excavating agent ; it only
cleared away the @%4ris which had accumulated in the
cirques, the rock being disintegrated by the incessant
intermittence of the freezing and thawing of water in the
fissures, Doing little to excavate the valley, the glacier
acts as a powerful means of transport of the disinte-
grated parts of the rock, where such a means is want-
ing, as on the tops of mountains, there the @éris
accumulates and protects the underlying rock from
further disintegration, The tarns, so numerous at the
bottoms of cirques and of sack-valleys, were formed, the
author supposes, by the same process, the rocks being
disintegrated when the water freezes under the glacier
during winter, This theory of the transport power of
glaciers is supported by some authorities in England, but
we think that it meets with two great difficulties, Itis in
contradiction with the well-known fact, that in the valleys
of the Alps the ice has acted as a sheet, protecting the
rock from disintegration ; that the disintegration proceeds
far more rapidly above the glacier than beneath it. And
secondly, the theory does not explain why the disintegra-
tion should go on so rapidly in the head of the valley and
so slowly in its lower parts (the differences of height and
climate being trifling), as to produce a very great semi-
circular enlargement at the head of the valley, We believe,
therefore, that so long as it is not admitted that a glacier,
charged on its lower surface with a mass of @é0r7s, is really
amighty excavating agent, we cannot come to a satisfactory
explanation of the cirques. The observation of Mr, Helland
that the openings of the cirques are generally directed to
the north, 7. to the part of horizon from which came
the ice in many instances, suggests a question which we
will simply refer to without entering into details, Were not
some cirques, 07 a part of the enlargements of some cirques,
excavated by the ice during its ascending motion from the
valley on the fjeld? Those who accept the molecular
motion of glacier-ice, Ze. its perfect plasticity or vis-
cosity, with all the consequences of this theory, certainly
will not find the question extravagant ; they will remem-
ber that the motion of ice #p the valleys, and even 2
motion on slopes from 20° to 63° is an established fact.
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In the valleys which have, for example, a west-to-east
direction, and which were crossed by the ice moving from
north to south, the plastic ice ascended the slopes which
faced towards the north; and also did it ascend on the
fjelds when it moved #p a valley, a phenomenon which,
we know, is not at all uncommon,

A second short paper, by Mr, Helland, gives a table of
the dimensions, heights above sea-level, and depths of
twenty Norwegian lakes, from which it is seen that these
lakes are, as in the case of the Italian lakes, deeply
excavated below the sea-level; thus, for example, the
bottoms of the Horningsdalvand and of the Mjdsen lie
respectively 432 and 331 metres below the level of
the sea.

Without speaking of other short papers, we will note
that the “ Year-Book” contains some practical information
on guides, on the regulations relative to hunting and fish-
ing, and finally, the Annual Report of the Committee of
the Society. It will be seen from this Report that the
Association is rapidly developing ; during 1875 the num-
ber of Fellows increased by 230, and reached, at the end
of the year, the number of 1,247, of whom 166 are foreign
Fellows, 63 belonging to England, A, L

OUR BOOK SHELF

British Manufacturing Industries. Edited by G. Phillips
Bevan, F.G.S. Shipbuilding, by Capt, Bedford Pim,
R.N,, M.P.; Telegraphy, by Robert Sabine, C.E.;
Agricultural Machinery, by Prof. Wrightson ; Railways
and Tramways, by D. Kinnear Clark, M.Inst.C.E,
(London : Stanford, 1876.)

TH1S ought to be one of the most popular volumes of this
instructive series, the contents are so varied, the subjects
so generally interesting, and the amount of information
conveyed so large. The various writers, moreover, have
managed to treat their subjects in a manner that will be
understood and enjoyed by even the most general readers,
Capt, Pim is evidently quite at home in his subject, which
he writes about in the spirit both of a sailor and a Mem-
ber of Parliament, Of course only the merest sketch of
so large a subject can be given in the space at his dis-
posal, but in that space he contrives to convey a sub-
stantial amount of information, commencing with the
log which conjecture makes the first form of boat, down to
the latest armour-plated ship-of-war, He writes in rather
a desponding tone of the present condition of British
shi'rping both in the merchant service and in the navy,
and thinks our country behind others in modes of con-
struction, Our navy is evidently far from perfect, and
those who have its control, if they have also the welfare
of our country at heart, would do well to weigh Capt.
Pim’s criticism. One of the surest remedies is un-
doubtedly the rigid application of scientifically-conducted
experiment to shipbuilding. Mr. Sabine gives a very
complete sketch of telcgra{)hy as an industry, of the
various forms of telegraph, their construction, the instru-
ments in use, and the materials employed. He, too, in-
dulges in some wholesome criticism, which those who
provide the means for constructing telegraphs would do
well to peruse, Prof. Wrightson (of Cirencester Agricul-
tural College) gives a very instructive account of the
multifarious machinery now used in the various opera-
tions by which agriculture is carried on, from clearing and
ploughing the land to preparing crops and stock for market
and consumption, Mr. Clark gives much valuable infor-
mation on the construction and working of railways,
showing the progress made since they were first started,
describing some of the latest improvements and most

important enterprises, and entering into details as to cost,
revenue, and other points, which all who are interested in
railways will find useful. His short notice of Tramways
is also interesting ; their cost of construction will surprise
many, if not the large earnings which they make.
Altogether, the volume is one of varied and genuine
interest,

LETTERS TO THE EDITOR

[ Zhe Editor does not hold himself vesponsible for opinions expressed
by his corvespondents. Neither can he undertake to return,
or to corvespond with the wrilers of, rejected manuscripts,
No notice is taken of anonymous communications.)

Miniature Physical Geology

UNDER this title there is a brief but very interesting article in
NATURE, vol. xiii. p. 310, describing, among other things, some
miniature earth-pillars at Bournemouth, These are due to the
slight protection afforded by a hard seam in the sandy rock to a
more friable layer beneath, when the whole is undergoing denu-
dation by rain. It is a thing which I have seen more than once ;
but in the district of Luchon (Pyrenees) during the present
summer, I have come across instances of earth pillars in minia«
ture, yet more perfect than the above. The most striking case
was on a slope in the wood on the right bank of the Cascade
d’Enfer (Val de Lis). This slope consisted of a rather tenacious
clay, filled with small angular fragments of granitoid rock. A
slip, or the action of rain, had formed a little corrie half a yard
or 5o wide, and on both sides of it the slope was studded with
earth pillars, more or less perfect, each capped by its little stone,
These caps were rather tabular in shape, generally from a quarter
of an inch to an inch broad. Several of the pillars were so
exactly models of those at Botzen, that, if drawn on the same
scale, they could not be distinguished, The sides of the large
pillars are furrowed and fluted by little rills of rain; so were
these, Boulders smaller than the great capstone are imbedded
in the matrix of the pillars, and, themselves exercising a protec-
tive influence are qu;)ortcd on brackets or pilasters of earth ; £o
was it here ; yet all this on the tiniest scale, for the largest and
best-formed pillar had a general height of only about 1% inches,
rising on one side about as much again above the bed of a minia-
ture ravine, I also saw a large number of similar but more
stumpy pillars by the side of the path from the Port de la Picade
to the Hospice de France. T, G, BoNNEY

St. John's College, Cambridge

" Visual Phenomena

Tue letter of Mr, Arnulph Mallock (NATURE, vol. xiv. p.
350) has very much interested me, having recently found that
my vision is an exception to that of other persons whom I have
tested in the matter, »

For instance, I see the light of distant street lamps clearly
;icgncd without any diverging rays proceeding from the points of
ight,

Possibly this peculiarity of vision may partly account for my
having gl‘.mpsef the two outer satellites of Uranus with a refrac-
tor of only 4°3 inches in aperture, during the last opposition of
the planet, and which caused some discussion when my obser-
vations were read before the Royal Astronomical Society.

I have also been successful in detecting very faint stars close to
brifhter ones with comparatively small telescopic aid.

may remark that I am long-sighted, as I can read the
columns of NATURE readily between the distances of twelve to
thirty inches, though my more convenient reading distance is
about sixteen inches,

It would be interesting to ascertain whether there are many
such exceptions to the “ visual phenomena” pointed out by Mr,
Mallock. I. W, WarD

Belfast, Sept. 5

AvLrHoUGH there can be little doubt that the explanation
of the long streaks of light seen on examining a bright point
through a half-closed eye, which is given in NATURE, vol. xiv,
P. 350, is the right one, and may be proved to be so in other
ways than those noted, yet I think the Fi%.l 5, which is sup-
posed to represent the course of the rays of light, ought not to
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remain uncorrected, It will be seen in that figure that the eye,
and particularly the front convex surface of the crystalline lens,
makes the rays diverge, instead, of course, of making those that
catch the watery prism converge a little less,

J. F. BLAKE

Antedated Books

I Am sorry to have to trouble you again under this heading,
but Mr. Sharpe’s second letter necessitates a short reply. 1 did
not accuse Mr, Sharpe, in my original letter, of having wilfully
misdated his book, I never even mentioned his name, I merely
stated the facts and added a few comments to show that the date
was a matter of some importance. Mr. Sharpe is now angry
becanse I do not withdraw a charge which I never made. If he
had simply explained in his first letter that the misdate was an
error of his publisher and promised that it would not occur
again, the matter would have been ended. When he proceeded
to attack me for doing what I believed to be my duty, he naturally
provoked an unpleasant answer, F. Z

QUR ASTRONOMICAL COLUMN

VARIABLE STARs (1), Mira Ceti,—Herr Julius Schmidt,
Director of the Observatory at Athens, by a mean of
three sets of comparisons with 8 and y Ceti and a Piscium,
fixes the first maximum of 1876 to February 3'7, the date
inferred from Argelander’s formula of sines being Janu-
ary 17°'0. The minimum by the same formula occurred
on September 1,

(2) R Hydrae, Of this object, so difficult to observe
satisfactorily in these latitudes, Herr Schmidt observed a
maximum 1876, April 12'5.

(3) The same observer refers to a secondary minimum
of the well-known variable star R Leonis, discovered by
Koch in 1782, For the present year his observations
have given the principal maximum May 7'7, the secon-
dary minimum May 217, a maximum June 1°7.

(4) 16 Eridani. There appear to be grounds for add-
ing this star to the list of variables, It was considered
as high as 3'4 by Piazzi, 4'3 by Heis, 4 by Flamsteed, and
in the Washington general catalogue it is 4'4. Brisbane
calls it 6, Argelander, once 5, and once 6. Smyth says,
‘it appeared more than once diminished to nearly a fifth
magnitude,”—This star is also * Eridani of B.A.C., but
as Bayer’s map has no fewer than nine stars to which this
letter is applied, it appears preferable to adopt Flam-
steed’s number,

(5) We learn from Dr, Gould, that the variable star in
Musca, to which he has already directed attention, has
certainly a period shorter than that of any other known
variable star—or about thirty hours only., Its variation
is such that at minimum it is fairly beyond unassisted
vision in the sky of Cordoba, though distinctly seen at
maximum,

(6) In a short list of variable stars stated by Dr. C,
H. F. Peters, of Hamilton College, Clinton, U.S,, to have
been recently detected, which appears in Comptes Rendus,
1876, August 28, and in M. Leverrier’s Bulletin Inter-
national, of Sept. 6, is one in R.A, (1860), 15h. 13m. 21s.,
N.P.D. 109° 53/, said to vary between the sixth and
eleventh magnitudes. This star, however, is not new ; it
is No. 76 of Schionfeld’s last catalogue, and was dis-
covered by M, Borelley in 1872. Schénfeld’s limits are
8'0 and 12'5, the latter doubtful, and he assigns, as a
rough approximation to elements :

1874, June 1741934 E,

The first star on the same list is No. 6 of Schonfeld’s list
in the introduction to his second catalogue (S. Libra),

Maximum, . .

AN INTRA-MERCURIAL PLANET (?).—The account of
the observation of a round spot on the sun’s disc, re-
marked on April 4, but not seen either on the preceding
or following morning, which was quoted last week, from

L’Institut of August 30, appears not to have been there
given accurately. By the Comples Rendus of August 28,
we learn that M, Leverrier made the statement on the
authority of a letter from Prof. Rudolph Wolf, Director
of the Observatory at Zurich, dated August 26. Prof,
Wolf says :~— It will doubtless interest you to learn that
M. Weber, at Peckeloh, saw on the 4th of April last, at
4h. 25m. M,'T, at Berlin, a round spot upon the sun, which
was seen without spot on the same morning and on the
following one, not only by M. Weber, but also by me and
by M., Schmidt at Athens. (For the observation of M.
Weber, see No. 34 of the Wochenschrift fiir Astronomie.)
I remark that the date of M. Weber’s observation follows
that of M, Lescarbault by

6219 days = 148 X 42%02,

which is curious enough on comparison with what I have
published on the subject at the time. See my ‘ Hand-
buch der Mathematik und Astronomie,’ vol. ii., p. 327.”

So that instead of the spot having been noticed in three
different and distant places, it was remarked at Peckeloh,
near Miinster only, though the observations by Prof.
Wolf, at Zurich, and Herr Julius Schmidt, at Athens,
establish the fact of the sun having been without the spot
in question shortly before and afterits observation by Herr
Weber, who is well known by his observations on the
zodiacal light and other phenomena.

At present the particulars of the observation are not to
hand, but it is singular that Prof. Wolf’s period of 42'02
days not only accords with the observation of M. Lescar-
bault, so far as regards an inferior conjunction of the
body with the sun on March 26, 1859, but it also agrees
with that of Mr, Lummis, March 20, 1862, and with the
one recorded by Decuppis at the Collegio Romano, on
October 2, 1839, at the opposite node, at least within
probable transit-limits, Particulars of Mr, Lummis’s
observation will be found in vol. xxii. of the Monthly
Notices of the Royal Astronomical Society; that of
Decuppis was thus mentioned at the sitting of the Paris
Academy of Sciences, 1839, December 16:—“ M., De-
cuppis announces that on October 2, continuing the ob-
servations which he had been making upon the spots or
the sun, he saw a black spot, perfectly round, and with
border sharply defined, which advanced upon the disc,
with a rapid proper motion, such that it would have tra-
versed the diameter in about six hours, M. Decuppis
thinks that the appearances which he has observed can
o;ﬂy be, explained by admitting the existence of a new

anet,”
¢ If we were to accept the particulars of the various ob-
servations of a similar character as they are recorded, it
would be impossible to refer them to a single body, no
matter what the excentricity of the orbit might be
assumed to be, but most unfortunately these observations
have on no one occasion so far been taken by a practised
astronomer with ﬁroper micrometrical assistance. On
the contrary, they have mostly fallen to the lot of occa-
sional observers, who have contented themselves with
eye-estimations of position on the sun’s disc, from which
little can be definitely ascertained.

The Peckeloh observation of April 4 naturally suggests
frequent observation of the sun’s disc from the middle of
the present month to the middle of October, particularly
about October 10,

[Since the above was in type, we learn from a Paris
correspondent that M. Leverrier has made a further com-
munication to the Academy on the subject of an intra-
Mercurial planet or planets. Instead of a period of forty-
two days, as suggested by Prof, Wolf, he thinks one of
twenty-eight days more probable ; and this, it may be
observed, is an aliquot part of Prof. Wolf’s period. But
notwithstanding a period of twenty-eight days accords
with a number of the observations referring to round
black spots upon the solar disk, M, Leverrier is stated to
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have expressed an opinion in favour of the existence of
two planets at nearly the same mean distance. With
respect to a period of twenty-eight days, we remark that
reckoning from 1876, April 4, it will agree with the
observations of Lescarbault and Lummis, but not with
that of Decuppis; while it also agrees with the obser-
vation of Stark, 1819, October 9, a very definite one,
which is not brought in with a period of forty-two days.
The shorter period will be found to correspond with a
mean distance of 0'18.]

SCIENCE IN SCHOOLS

THE accompanying letter, signed by several men of
Science and Head-masters, has been sent to the
General Committee of the British Association :—

DEAR SIR,—It is hoped that a Committee may be
formed at this year’s meeting of the British Association
for the promotion of Science Teaching in Schools, Its
proposed functions would be— X

1. To communicate with head-masters and governing
bodies as to carrying out the recommendations contained
in Report VI. of the Science Commission, and to offer
advice, if required, on all necessary details of selection,
arrangement, and outlay.

2. To press upon the Universities such steps in connec-
tion with the pending Bill in Parliament as may bene-
ficially influence school teaching of science.

3. To watch the action of Government in any {)roposal
made by them either in pursuance of Lord Salisbury’s
Bill or in giving effect to the Duke of Devonshire’s Com-
mission, and to hold a brief for science-teaching at schools
in reference to all such legislation.

We desire to bespeak your attention to and interest in
this proposal, which appears to us in all respects a timely
one,

e~

THE BRITISH ASSOCIATION
GLASGOW, Twuesday

HE Association finds a fitting home in Glasgow,
which has few rivals either in earlier or later scien-
tific reputation, The force of long-continued scientific
traditions, added to the present encouragement given to
science, and I must also say, to the nearness of the finest
holiday localities, makes this one of the most brilliant of
recent meetings. Not onlyis the total number of members
and associates attending very high, over 2,700, but the
true chiefs of science are present in great strength, It
cannot be said that the Association itself is this year
at all below its high aims. The majority of papers
are really scientific, and do not emasculate the trutﬁ in
the effort to popularise it, Discussions have been ver,
interesting, judging from the perseverance with whic
they have been listened to. The reception given by the
people of Glasgow is worthy of the city, although it is
possible that in the details and refinements of arrange-
ment, Bristol excelled. This was especially manifested
in regard to some of the excursions, But it is evident
that the very best efforts of the north have been put forth
in every way, and the general result is undeniably suc-
gessful.” The charming situation of the University Build-
ings, in which all the sections but one hold their meetings,
is a very great advantage. b
From the Report of the Council it will be seen that
grants in aid of scientific objects have been made during
the year to the amount of 1,092/ The income of the
year has reached 3,743/, and the cash balance, 764/,
exceeded that of last year by 6244
The President’s Address did not excite general en-
thusiasm among the audience, partly because the great
size of the building and the comparative weakness of
the speaker’s voice prevented many from hearing well,

partly, also, because it was such as to impress most those
who think most. The address manifested the combina-
tion in its author of qualities seldom marching together ;
deep regard for elder times and their achievements, wide
knowledge of the position of science at the present day,
perception of the true relationships, the real connexus of
pure and applied science, a realisation, founded on care-
ful study of the way in which the scientific cultus affects
human nature, and the rise and fall of nations, It would
be vain to seek for scientific arrogance and conceit in
Dr. Andrews’s deliverance, and if one may forecast, it may
be expected to have as much influence on future thought
and public action as almost any recent utterance from the
presidential chair of the British Association, without any
tendency to provoke the hostility of the unscientific.

Among the presidential addresses, that of Mr. Wallace
to the Biological Section seems to have attracted much
notice ; and there is no doubt of its great value, for,
scarcely occupying any ground covercé;T by his recent
E:rreat work on ¥ The Geographical Distribution of Animals,”
ie may be said to have laid the foundations of a new
science out of “ waste materials” already existing, Thus
another group of scattered fragments is beginning to be
sought by right processes, in order that a coherent edifice
may be erected. Sir William Thomson returned again
to the charge against the exorbitant demands of geo-
logists for “time.” If he is right, of course some
geological theories must be altered; but perhaps Sir
William will not have to wait long for an answer. It was
singular that Prof. Young, in the Geological Section,
should have chosen a subject agreeing so largely with
Sir William Thomson’s, His views, carried out into
more geological detail, imply that we are to look for a
general reconstruction of much that is held to be settled
in geological theory., He calls loudly for precision in
geological phraseology, believing that there is nothing
more urgently needed to secure progress in the science
than some of that accuracy of conception and expression
which distinguishes mathematical and physical science.
Capt. Evans’s address on Geography will perhaps disap-
point some who think the questions of oceanic circulation
are practically settled, but an open confession of diffi-
culties and ignorance is better than any false security.
Such confessions have been very general among the best
men at this meeting—a favourable augury of coming
victories for science.

On the whole the sections have done hard work, and
comparatively little sacrifice of scientific rigour and form
has been made for the sake of making subjects popular,
The Duke of Argyll's address on the Geology of the
Highlands was a donne bouche for the untechnical, and
was much run after. The Duke has shared * lionship”
with Commander Cameron and Sir C, Wyville Thomson ;
consequently the heart of Africa and the depths of the
sea are among the favourite subjects here. Sir William
Thomson has, of course, been at home on the great Tide
question, denouncing the British Hydrographic Depart-
ment for its supineness, by which very laborious and ex-
pensive efforts are left to private individuals, One of
the most lively encounters has concerned the junction of
the granites and Old Red Sandstone in Arran. It was
suggested that Mr, Wiinsch and Dr, Bryce should adjourn
to the locality to fight it out, but without hammers, The
chemists had a field-day on the disposal of the sewage of
towns, [rrigationists and precipitationists continued
their controversies, giving excuse to great towns still to
postpone dealing with the subject. While the doctors, or
rather chemists, differ, the sewage is emptied into the
river,

Prof, Tait’s discourse on Force was \ cry characteristic,
One important advantage gained by th. 1udience would
probably be an impression of the necessity of accuracy in
the use of words.

Sir C. Wyville Thomson’s address on the Results of
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the Challenger Expedition was very successful, and highly
am)reciated. A good voice was added to a most agree-
able and flowing delivery, and as little as possible of com-
plicated ideas or reasoning was introduced.

Two conversaziones took place on Thursday evening,
for what reason is not apparent. One was under the
superintendence of the local committee, in the Royal
Exchange, There was a little pretence at science, but
the assembly was converted into a ball. Is it right that
money raised by the local committee in the name of
the British Association should be devoted to such a pur-
pose? If a ball is wanted, let there be a separate sub-
scription for that avowed purpose. The other assembly,
under the auspices of the Philosophical Society (of which
Sir William Thomson is president), took place in the
Corporation Galleries and the rooms of the Society, Art
and science were here fitly combined. Physical appa-
ratus received considerable illustration, Sir William
Thomson’s demonstration on smoke rings and his new

atent syphon recorder being especially interesting, Mr,
{ames Thomson, F.G.S., attracted attention by his exhi-

ition of a series of sections of fossil corals, beautifully
shown by Birrell’s new oxyhydrogen apparatus. The
great special collection of carboniferous fossils in these
galleries was exceedingly creditable to the geologists of
the Glasgow district ; Mr. James Thomson’s very large
collections, including his splendid Labyrinthodont re-
mains (Pteroplax, &c.), formed a considerable proportion
of the whole,

The museums of Glasgow are numerous and scattered.
To a considerable extent the same things are displayed
over again in the Hunterian Museum at the University,
the Kelvingrove Museum in the park of that name, the
Andersonian at Anderson’s University, the Museum of
the Society of Naturalists in the Queen’s Rooms, and the
Museum in the Corporation Galleries. Very great labour
has been expended in the formation of special collections
at these places, but we can only notice a very few of these.
In the University Museum the display of Mr. John
Young’s private collection of fossils was most interesting
by reason of the great number and beauty of the pre-
parations of minute forms, especially of Foraminifera,
Sponges, Echinoderms and Polyzoa, Unfortunately the
great roof of the Museum has no light in it whatever, an
inconceivable detraction from its value, Other most no-
ticeable collections were a splendid series of Labyrintho-
donts and Fishes from Carluke Collieries, the exhibitor
of which desired his name to be unknown, and Mr.
David Robertson’s collection of recent and Pleistocene
invertebrates. The great special exhibition of mechanical
inventions and industrial processes at the Kelvingrove
Museum must, we regret to say, be dismissed with a single
word of high commendation, Rare plants and animals
were to be seen at the Queen’s Rooms, including many
unique specimens from Scottish habitats, Utricularia
and Drosera are of course brought forward.,

The assembly of foreigners on this occasion is very
notable, Section A includes in its forces Prof, Cremona,
of Rome; M. Janssen, of Leyden; Prof. Wiillner, of
Aix-la-Chapelle ; Prof. Eccher, of Florence; Prof.
Fischer, Prof. von Quintus Icilius, of Hanover; Profs,
Stoletow and Wladirmiosky. Section B has the aid of
Dr. Biedermann, of Berlin, Section C, Dr. A, Fritsch, of
Prague ; Prof, von Lasaulx, of Breslau ; Prof, F. Roemer,
of Breslau ; Section D rejoices in the presence of Fer-
dinand Cohn and Grube, of Breslau; Ernst Haeckel, of
Jena ; Kronecker, of Leipsic; and Prof. Morren, of
Liége ; the Chevali.r Negri reinforces Section E ; and
M. Bergeron, of Puaris, Section G.

The excursion programme, as might be expected in
this neighbouilisod, has been only too embarrassing.
Snturdag was « ury generally devoted to pleasure, although
the mathem . .cians and physicists cleared off a long list
of papers, uu.d two other sections sat during part of the

day. Those who could not devote the whole day to ex-
cursions had abundant entertainment provided for them
in Glasgow. Cameron’s lecture to working men was
naturally very successful, and Dr, Carpenter subsequently
spoke at length on the humane treatment which should
be accorded to savages. One of the most interesting
trips was made by Mr, Duncan and a small party of
zoologists to Loch Fyne and the coast of Bute for the
gurpose of dredging. Many successful hauls were made,
ringing up abundance of Comatulas, Aphrodites, As-
cidians, and Echini, Another dredging party went with
Mr. A. B. Stewart to Wemyss Bay. An attempt at
dredging in Loch Lemond only gave “a beggarly account
of empty bags.” A geological party went to Ballagan,
Finnich Glen, &c., under the guidance of Mr. Wilson, of
Aucheveck. No very special scientific interest appears
to be included in the excursions for Thursday next, when
Paisley Abbey, Arran, Rothesay, and Loch Long, are to
be visited.

So we are to meet in Dublin in 1878, Leeds pleaded
hard, claiming that there was a sort of understanding in
their favour last year., But the idea of alternating the
meetings between a university town and a great manu-
facturing town prevailed, in addition, no doubt, to
the eminence of the Dublin academicians attending
the meeting., Scarcely less interesting was the choice
of a president for the Plymouth meeting. The nomi-
nation of Prof. Allen Thomson by Dr. Hooker was
at once an honour to Glasgow and a demonstration
of regard for those studies of anatomy and embryo-
logy which do not always secure public renown. The
personal qualities of Dr. Allen Thomson make him all
that could be desired for a president. Of course his
nomination was unanimously accepted. The vice-presi-
dents appointed were the Earl of Mount-Edgcumbe, the
Earl of Devon, Lord Blachford, Mr. W. Spottiswoode,
F.R.S., Mr. W. Froude, F.R.S., and Mr. C. Spence Bate,
F.R.S.; local secretaries, Prof. W. G. Adams, Mr. W,
Square, and Mr, Hamilton Whiteford. Mr. P. L. Sclater,
F.R.S., was elected one of the general secretaries, in the
place of Dr. Michael Foster, F.R.S., who has resigned.
We meet again in Plymouth on August 15, 1877.

SECTION A.
MATHEMATICAL AND PHYSICAL

OPENING ADDRESS BY PROF. SIR WILLIAM THOMSON,
F.R.S., D.C.L.,, &c., PRESIDENT,

A CONVERSATION which I had with Prof, Newcomb one evening
last June, in Prof. Henry's drawing-room, in the Smithsonian
Institution, Washington, has forced me to give all my spare
thoughts ever since to Hopkins’s problem of Precession and
Nutation, assuming the earth a rigid spheroidal shell filled with
liquid, Six weeks ago, when I landed in England after a most
interesting trip to America and back, and became painfully
conscious that I must have the honour to address you here to-
day, I wished to write an address of which science in America
should be the subject. I came home, indeed, vividly impressed
with much that I had seen both in the Great Exhibition of
Philadelphia and out of it, showing the truest scientific spirit
and devotion, the originality, the inventiveness, the patien' per-
severing thoroughuess of work, the appreciativeness, and the
generous openmindedness and sympathy, from which the great
things of science come,

Oé\w Aéyew 'Arpeldas
OéAw 8¢ Kuduow ¢deiv,

I wish I could speak to you of the veteran Henry, generous
rival of Faraday in electromagnetic discovery; of Peirce the
founder of high mathematics in America ; of Bache, and of the
splendid herltage he has left to America and to the world in the

nited States Coast Survey ; of the great school of astronomers
which followed, Gould, Newton, Newcomb, Watson, Young,
Alvan Clarke, Rutherford, Draper, father and son : of Commander
Belknap and his great exploration of the Pacific depths by
pianoforte wire, with imperfect apparatus supplied from Glas-
gow, out of which he forced a success in his own way;
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of Captain Sigsbee, who followed with like fervour and
resolution, and made further improvements in the apparatus
by which he has done marvels of easy, quick, and sure deep-
sea sounding in his little surveying ship ASlake; and of the
admirable official spirit which makes such men and such doings
possible in the United States Naval Service, I would like
to tell you too of my reason for confidently expecting that
American hydrography will soon supply the data from tidal
observations, long ago asked of our Government in vain by a
Committee of the British Association, by which the amount of
the earth’s elastic yielding to the distorting influence of the sun
and moon will be measured ; and of my strong hope that the
Compass Department of the American Navy will repay the
debt to France, England, and Germany so appreciatively acknow-
ledged in their reprint of the works of Poisson, -Airy, Axchibald
Smith, Evans, and the Liverpool Compass Committee, by giving
in return a fresh marine survey of terrestrial magnetism, to

supply the navigator with data for correcting his compass without -

sights of sun or stars,

Can I go on to precession and nutation without a word of
what I saw in the Great Exhibition of Philadelphia? TIn the
U.S. Government part of it, Prof. Hilgard showed me the
measuring-rods of the U.S. Coast Survey, with their beautiful
mechanical appliances for end measurement, by which the three
great base lines of Maine, Long Island, and Georgia, were
measured with about the same accuracy as the most accurate
scientific measurers, whether of Europe or America, have at-
tained in comparing two metre or yard measures,

In the United States telegraphic department 1 saw and heard
Elisha Gray’s splendidly worked-out electric telephone actually
sounding four messages simultaneously on the Morse code, and
clearly capable of doing yet four times as many with very mode-
rate improvements of detail; and I saw Idison’s automatic
telegraph delivering 1,015 words in 57 seconds ; this done by
the long-neglected electro-chemical method of Bain, long ago
condemned in England to the helot work of recording from a
relay, and then turned adrift as needlessly delicate for that. In
the Canadian department I heard ‘‘ To be or not to be, . . .
there’s the rub,” through an electric telegraph wire ; but, scorn-
ing monosyllables, the electric articulation rose to higher flights,
and gave me passages taken at random from the New VYork
newspapers :—‘“ 8.5, Cox has arrived” (I failed to make out
the 5.5, Cox); ““The City of New York,” ¢ Senator Morton,”
““The Senate has resolved to print a thousand extra copies ;”
“The Americans in London {:nve resolved to celebrate the
coming 4th of July.,” All this my own ears heard, spoken to
me with unmistnka{;le distinctness by the thin circular disc arma-
ture of just such another little electro-magnet as this which I
hold in my hand. The words were shouted with a clear and
loud voice by my colleague-judge, Prof. Watson, at the far end
of the telegraph wire, holding his mouth close to a stretched
membrane, such as you see before you here, carrying a little
piece of soft iron, which was thus made to perform in the neigh-
bourhood of an electro-magnet in circuit with the line motions
proportional to the sonorific motions of the air. This, the

sreatest by far of all the marvels of the electric telegraph, is |

ue to a young countryman of our own, Mr, Graham Bell, of
Edinburgh and Montreal, and Boston, now becoming a natu-
ralised citizen of the United States, Who can but admire the
hardihood of invention which devised such very slight means to
realise the mathematical conception that, if electricity is to
convey all the delicacies of quality which distinguish articulate
speech, the strength of its current must vary continuously and as
nearly as may be in simple proportion to the velocity of a particle
of air engaged in constituting the sound ? :

The Patent Museum of Washington, an institution of which
the nation is justly proud, and the bcnefjcent working of the
United States patent laws, deserve notice in the section of the
British Association concerned with branches of science to which
nine-tenths of all the useful patents of the world owe their foun-
dations. I was much struck with the prevalence of patented
inventions in the Exhibition : it seemed to me that every good
thing deserving a patent was patented. I asked one inventor of
a_very good invention *“ Why don’t you patent it in England?”
He answered, “The conditions in England are too onerous.”
We certainly are far behind America’s wisdom in this respect.
1f Europe does not amend its patent laws (England in the oppo-
site direction to that proposed in the Bills before the last two
sessions of Parliament) America will speedily become the nursery
of useful inventions for the world,

I should tell you also of ““Old Prob's” weather warnings,

which cost the nation 250,000 dollars a year ; money well spent
say the western farmers, and not they alone : in this the whole
people of the United States are agreed, and though Democrats
or Republicans playing the ‘‘ economical ticket ” may for half a
session stop the appropriations for even the United States Coast
Survey, no one would for a moment think of proposing to starve
“0ld Prob ;” and now that 8o per cent. of his probabilities have
proved true, and General Myers has for a month back ceased to
call his daily forecasts ‘‘probabilities” and has begun to call
them indications, what will the western farmers call him this
time next year?

And the United States Naval Observatory, full of the ve
highest science, under the command of Admiral Davis! If,
to get on to precession and nutation, I had resolved to omit
telling you that I had there, in an instrument for measuring
photographs of the transit of Venus—shown me by Prof. Hark-
ness, a young Scotsman attracted into the United States Naval
Service—seen for the first time in an astronomical observatory a
geometrical slide, the verdict on the disaster on board the
Zhunderer, published while I am writing this address, forbids
me to keep any such resolution, and compels me to put the ques-
tion, Is there in the British Navy, or in a British steamer, or in
a British land boiler another safety-valve so constructed that by
any possibility, at any temperature, or under any stress it can
jam? and to say that if there is it must be instantly corrected or
removed.

1 ought to speak to you, too, of the already venerable Harvard
University, the Cambridge of America, and of the Technological
Institute of Boston, created by William Rogers, brother of my
late colleague in this university (Glasgow), Henry Rogers, and
of the Johns Hopkins University of Baltimore, which with its
youthful vigour has torn Sylvester from us, has utilised the
genius and working power of Roland for experimental research,
and three days after my arrival in America, sent for the young
Porter Poinier to make him a Fellow. But he was on his death-
bed in New York *‘ begging his physicians to keep him alive just
to finish his book, and then he would be willing to go.” Of his
book, “ Thermodynamics,” we may hope to sce at least a part,
for much of the manuscript, and good and able friends to edit it,
are left ; but the appointment to a Fellowship in the Johns
Hopkins University came a day too late to gratify his noble am-
bition.

But the stimulus of intercourse with American scientific men
left no place in my mind for framing, or attempting to frame
a report on American science. Disturbed by Newcomb’s sus-
picions of the earth’s irregularities as a Time-keeper, I could
think of nothing but precession and nutation, and tides and mon-
soons, and settlements of the equatorial regions, and melting of
polar ice, Week alter week passed before I could put down
two words which I could read to you here to-day : and so I
have nothing to offer you for my Address but—

Review of Evidence regarding Physical Condition of the Earth ;
its Internal Temperature ; the Fluidity or Solidity of its In-
terior Substance ; the Rigidity, Elasticity, FPlasticity, of ils
Lxternal Figure ; and the Permanence or Variability of its
Leriod and Axis of Rotation,

The evidence of a high internal temperature is too well known
to need any quotation of particulars at present, Suffice it to sa
that below the uppermost ten metres stratum of rock or soil
sensibly affected by diurnal and annual variations of tempera-
ture, there is generally found a gradual increase of temperature
downwards, approximating roughly, in ordinary localities,
to an average rate of 1° C. per thirty metres of descent, but
much greater in the neighbourhood of active volcanoes, and
certain other special localities of comparatively small area, where
hot springs and, perhaps, also, sulphurous vapours prove an
intimate relationship to volcanic quality. It is worthy of remark
in passing, that, so far as we know at present, there are no
localities of exceptionally sma// rate of augmentation of under-
ground temperature, and none where temperature diminishes at
any time through any considerable depth downwards below
the stratum lensi‘izly influenced by summer heat and winter cold.,
Any considerable area of the earth of, say, not less than a kilo-
metre in any horizontal diameter, which for several thousand

ears had been covered by snow or ice, and from which the ice
znd melted away and left an average surface temperature of
13%, would during nine hundred years, show a decreasing tem-
perature for some depth down from the surface: and thirty-
six hundred years after the clearing away of the ice would slfll
show residual effect of the ancient cold, in a half rate of augmen-
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tation of temperature downwards in the upper strata, gradually
increasing to the whole normal rate which would be sensibly
reached at a depth of 6oo metres,

By a simple effort of geological calculus it has been estimated
that 1° per 30 metres gives 1000° per 30,000 metres, and 3333°
per 100 kilometres, This arithmetical result is irrefragable, but
what of the physical conclusion drawn from it with marvellous
frequency and pertinacity that at depths of from 30 to 100
kilometres the temperatures are so high as to melt all substances
composing the earth’s upper crust? It has been remarked, in-
deed, that if observation showed any diminution or augmentation
of the rate of increase of underground temperature in great depths,
it would not be right to reckon on the uniform rate of 1° per 30
metres, or thereabouts, down to 30 or 60 or 100 kilometres.
““ But observation has shown nothing of the kind, and therefore
surely it is most consonant with inductive philosophy to admit
no great deviation in any part of the earth's solid crust from the
1ate of increase proved by observation as far as the greatest
depths to which we bave reached !” Now'I have to remark upon
this argument that the greatest depth to which we have reached
in observations of underground temperature is scarcely one kilo-
metre ; and that, if a 10 per cent. diminution of the rate of
augmentation of underground temperature downwards were
found at a depth of one kilometre, this would demonstrate *
that within the last 100,000 years the upper surface of the earth
must have been at a higher temperature than that now found at
the depth of one kilometre. Such a result is no doubt to be
found by observation in places which have been overflown by
lava in the memory of man, or a few thousand years farther
back : but if, without going dceper than a kilometre, a 10
per cent, diminution of the rate of increase of temperature
downwards were found for the whole earth, it would limit
the whole of geological history to within 100,000 years, or,
at all events, would interpose an absolute barrier against the
continuous descent of life on the earth from earlier periods
than 100,000 years ago. Therefore, although search in particular
localities for a diminution of the rate of augmentation of under-

round temperature in depths of less than a kilometre may be of
intense interest, as helping us to fix the dales of extinct volcanic
actions which have taken place within 100,000 years or so, we know
enough from thoroughly sure geological evidence not to expect to
find 1t, except in particular localities, and to feel quite sure that
we shall not find 1t under any considerable portion of the earth’s
surface, If we admit as possible any such discontinuity within
900,000 years, we might be prepared to find a sensible diminution
of the rate at three kilometres depth : but not at anything less
than 30 kilometres if geologists validly claim as much as
90,000,000 of years for the length of the time with which their
science is concerned.  Now this implies a temperature of 1000”
C. at the depth of 30 kilometres, allows something less than
2000° for the temperature at 6o kilometres, and does not
require much more than 4,000° C. at any depth, however
great ; but does require at the great depths a temperature of at
all events not less than about 4000° C. It would not take
much ““hurrying up” of the actions with which they are con-
cerned, to satis geolog’lllu with the more moderate estimate of
50,000,000 of years, This would imply at least about 3000°
C, for the limiting temperature at great depths, If the actual
substance of the earth, whatever it may be, rocky or metallic,
at depths of from 60 to 100 kilometres, under the pressure
nctuaﬁy there experienced by it can be solid at temperatures of
from 3000° to 4000°, then we mnK hold the former estimate
(90,000,000) to be as probable as the latter (50,000,000) so far
as evidence from underground temperature can guide us, If
4000° would melt the earth’s substance at a depth of 100
kilometres, we must reject the former estimate, though we might
still admit the latter ; if 3000° would melt the substance at a
depth of 6o kilometres, we should be compelled to conclude
that 50,000,000 of years is an over-estimate, ~ Whatever may be
its age, we may be quite sure the earth is solid in its interior :
not, I admit, t touggmut its whole volume, for there certainly
are spaces in volcanic reFions occupied by liquid lava ; but what.
ever portion of the whole mass is liquid, whether the waters of
the ocean or melted matter in the interior, these portions are
small in comparison with the whole, and we must utterly reject
any geological hypothesis which, whether for explaining under-

t For proof of this and followingh statements regarding Underground
l:lcgt Lrefer to *“ Secular Cooling of the.Earth” Zyansactions of the Royal
Society of %dinbmxh, 1862, and Thomson and Tait’s *“ Natural Philosophy,”

Appendix D,

ground heat or ancient upheavals and subsidences of the solid
crust, or earthquakes, or existing volcanoes, assumes the solid
earth to be a shell of 30, or 100, or 500, or 1,000 kilometres
thickness, resting on an interior liquid mass.

This conclusion was first arrived at by Hopkins, who may
therefore properly be called the discoverer of the earth’s solidity.
He was led to it by a consideration of the phenomena of pre-
cession and nutation, and gave it as shown to be highly probable,
if not absolutely demonstrated, by his confessedly imperfect and
tentative investigation. But a rigorous application ol the perfect
hydrodynamical equations leads still more decidedly to the same
conclusion,

I am able to say this to you now in consequence of the con-
versation with Professor Newcomb to which I have already
alluded, Admitting fully my evidence for the rigidity of the
earth from the tides, he doubted the argument from precession
and nutation. Trying to recollect what I had written on it
fourteen years ago in a paper on the Rigidity of the Earth,
published in the Zryansactions ol the Royal Society, my con-
science smote me, and I could only stammer out that I had
convinced mysell that so and so, and so and so, at which I had
arrived by a non-mathematical short cut, were true, He hinted
that viscosity might suffice to render precession and nutation
the same as if the earth were rigid, and so vitiate the argument
for rigidity. This I could not for a moment admit any more
than when it was first put forward by Delaunay, But doubt
entered my mind regarding the so and so, and so and so; and I
had not completed the night 'juumcy to Philadelphia which
hurried me away from our unfinished discussion before I had
convinced mysell that they were grievously wrong. So now I
must request as a favour that each one of you on going home
will instantly turn up his or her copies of the Zransactions of
the Royal Society for 1862, and of Thomson and Tait’s *‘ Natural
Philosophy,” vol. 1., and draw the pen through §§ 23-31 of m
paper on the “* Rigidity of the Earth” in the former, and thruugK
everything in §§ 847-849 of the latter, which refers to the effect
on precession and nutation of an elastic yielding of the earth’s
surface,

When those passages were written I knew little or nothing of
vortex motion ; and until my attention was recalled to them by
Prof. Newcomb, I had never once thought of their subject in
the light thrown upon it by the theory of the quasi-rigidity
induced in a liquid by vortex motion which has of late occupied
me 50 much, ith this fresh liﬁht a little consideration suﬂlnccd.
to show me that (although the old obvious conclusion is of course
true, that if the inner boundary of the imagined rigid shell of
the earth were rigorously spherical, the interior liquid could
experience no precessional or nutational *influence from the
pressure on its bounding surface, and therefore if homogeneous
could have no precession or nutation at all, or if heterogeneous
only as much precession and nutation as would be produced by
attraction from without in virtue of non-sphericity of its surlaces
of equal density, and therefore the shell would have enormously
more rapid precession and nutation than it actually has—forty
times as much, for instance, if the thickness of the shell is sixty
kilometres) a very slight deviation of the inner surface of the
shell from perfect sphericity would suffice, in virtue of the quasi-
rigidity due to vortex motion, to hold back the shell from taking
scnsibly more precession than it would give to the liguid, and
to cause the liquid (homogeneous or heterogeneous) and the
shell to have sensibly the same precessional motion as if the
whole constituted one rigid body., But it is only because of the
very long period (26,000 years) of precession, in comparizon with
the period of rotation (one day), that a very slight deviation fiom
sphericity would suffice to cause the whole to move as if it were
a rigid body. A little further consideration showed me—

(1) That an ellipticity of inner surface equal to !

20000 X 365
would be too small, but that an ellipticity of one or two hundred
times this amount would not be too small, to compel approximate
equality of precession throughout liquid and sth.

(2) That with an ellipticity of interior surface equal to 4}y, if
the precessional motive were 26,000 times as great as it is, the
motion of the liquid would be very different from that of a rigid
mass rigidly connected with the shell ;

(3) That with the actual forces and the supposed interior
ellipticity of g}y the lunar nineteen-yearly nutation might be
;ﬂ‘ec:lcd to about five per cent. of its amount by interior

iquidity.

(4) Lastly, that the lunar semi-annual nutation must be largely,
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and the lunar fortnightly nutation enormously, affected by in-
terior liquidity.,

But although so much could be foreseen readily enough, I
found it impossible to discover, without thorough mathematical
investigation, what might be the characters and amounts of the
deviations from a rigid body’s motion which the several cases of

recession and nutation contemplated wounld present.  The
investization, limited to the case of a homogeneous liquid
enclosed in an ellipsoidal shell, has brought out results which I
confess have greatly surprised me, When the interior ellipticity
of the shell is just too small, or the periodic speed of the dis-
turbance just too great to allow the motion of the whole to be
sensibly that of a rigid body, the deviation first sensible ren-
ders the precessional or nutational motion of the shell smaller
than if the whole were rigid, instead of greater, as I ex-
pected, The amount of this difference bears the same pro-
portion to the actual precession or nutation as the fraction
measuring the periodic speed of the disturbance (in terms
of the period of rotation as unity) bears to the fraction measur-
ing the interior ellipticity of the shell ; and it is remarkable that
this result is independent of the thickness of the shell, assumed
however to be small in proportion to the earth’s radius, Thus
in the case of precession the effect of interior liquidity would be
to diminish the periodic speed of the precession in the propors
tion stated ; in other words, it would add to the precessional
period a number of days equal to the multiple of the rotational
period equal to the number whose reciprocal measures the
ellipticity. Thus in the actual caie of the earth if we still
take 55 as the ellipticity of the inner boundary of the supposed
rigid shell, the effect would be to augment by 300 days the pre-
cessional period of 2,600 years, or to diminish by about %" the
annual precession of about 51”—an effect which I need not say
would be wholly insensible, But on the lunar nutation of 186
years period the effect of interior liquidity would be quite
sensible ; 18°6 years being 23 times 300 days, the effect would
be to diminish the axes of the ellipse which the earth’s pole
describes in this period each by Jy of its own amount, The
semi-axes of this ellipse calculated on the theory of perfect
rigidity from the very accurately known amount of precession
and the fairly accurate knowledge which we have of the
ratio of the lunar to the solar part of the precessional
motive are 9”22 and 6”'86, with an uncertainty not amount-
ing to one-hall per cent. on account of want of perfect
accuracy in the latter part of data, If the true values were less
each by Jy of its own amount, the discrepance might have
escaped detection, or might #o/ have escaped detection; but
certainly could be found if looked for. So far nothing can be
considered as absolutely proved with reference to the interior
solidity of the earth from precession and nutation ; but now think
of the solar semi-annual and the lunar fortnightly nutations, The
period of each of these is less than 300 days, Now the hydro-
dynamical theory shows that irrespectively of the thickness of
the shell, the nutation of the crust would be zero if the period of
the nutational disturbance were 300 times the period of rotation
(the ellipticity being 4 4) : il the nutational period were anything
between this and a certain smaller critical value depending on
the thickness of the crust, the nutation would be negative ; if
the period were equal to this second critical value, the nutation
would be infinite : and if the period were still less, the nutation
would be again positive, Farther the 183 days period of the solar
nutation falls so little short of the critical 300 days, that the amount
of the nutation is not sensibly influenced by the thickness of the
crust—is negative and equal in absolute value to §1 (being the
reciprocal of {§§ 1) times what the amount would be were the
earth solid throughout. Now this amount as calculated in the
Nautical Almanac makes 0”'55, and 0”*51 the semi-axes of the
ellipse traced by the earth’s axis round its mean position; and if
the true nutation placed the earth’s axis on the Of)posile side of
an ellipse having “°86 and "*81 for its semi-axes, the discrepance
could not possibly have escaped detection, But lastly, think of
the lunar fortnightly nutation. Its period is ¢'; of 300 days, and
its amount, calculated in the Nautical Almanac on the theory of
complete solidity, is such that the ﬁrcater semi-axis of the
approximately circular ellipse described by the pole is 0”'0325,
Were the crust infinitely thin this nutation would be negative,
but its amount nineteen times that corresponding to solidity.
This would make the greater semi-axis of the approximately
circular ellipse descri by the pole amount to 19 X 0"'0885,
which is 1”7, It would be negative and of some amount
between 177 and infinity, if the thickness of the crust were any-
thing from zero to 120 kilometres. This conclusion is absolutely

d?cisivedagainst the geological hypothesis of a thin rigid shell full
of liquid,

B;lt interesting in a dynamical point of view as Hopkins's
problem is, it cannot afford a decisive argument against the
earth’s interior liquidity, It assumes the crust to be perfectly
stiff and unyielding in its figure. This of course it cannot be,
because no material is infinitely rigid ; but, composed of rock
and possibly of continuous metal in the great depths, may the
crust not as a whole he stiff enough to practically fulfil the
condition of unyicldingness? No; decidedly it could not:
on the contrary, were it of continuous steel and 500 kilo-
metres thick, it would yield very nearly as much asif it were
india-rubber, to the ch)rming influences of centrifugal force
and of the sun’s and moon’s attractions. Now, although
the full problem of precession and nutation, and what is now
necessarily included in it—tides, in a continuous revolving
liquid spheroid, whether homogeneous or heterogeneous, has
not yet been coherently worked out, I think I see far enough
towards a complete solution to say that precession and nutations
will be practically the same in it as in a solid globe, and that
the tides will be practically the same as those of the equilibrium
theory. From this it follows that precession and nutations of
the solid crust, with the practically perfect flexibility which it
would have even though it were 100 kilometres thick and as stiff
as steel, would be sensibly the same as if the whole earth from sur.
face to centre were solid and perfectly stiff, Hence precession and
nutations yield nothing to be said against such hypotheses as that
of Darwin,* that the earth as a whole takes approximately the .
figure due to gravity and centrifugal force, because of the fluidity
of the interior and the flexibility of the crust. But alas for this
‘“attractive sensational idea that a molten interior to the globe un-
derlies a thin superficial crust ; its surlace agitated by tidal waves
and flowing freely towards any issue that may here and there be
opened for its outward escape,” as Poulett Scrope called it !
the solid crust would yield so freely to the deforming influence
of sun and moon that it would simply carry the waters of the
ocean up and down with it, and there would be no sensible tidal
rise and fall of water relatively to land,

The state of the case is shortly this :—The hypothesis of a
perfectly rigid crust containing liquid violates physics by assum-
ing preternaturally rigid matter and violates dynamical astronomy
in the solar semi-annual and lunar fortnightly nutations ; but
tidal theory has nothing to say againstit, Onthe other hand the
tides decide against any crust flexible enough to perform the nuta-
tions correctly with a liquid interior, or as flexible as the crust
must be unless of preternaturally rigid matter,

But now thrice to slay the slain; suppose the earth this
moment to be a thin crust of rock or metal resting on liquid
matter, Its equilibrium would be unstable | And what of the
upheavals and subsidences? They would be strikingly analo-
gous to those of a ship which has been rammed : one portion of
crust up and another down, and then all down, I may say with
almost perfect certainty, that, whatever may be the relative
densities of rock, solid and melted, at or about the temperature
of liquefaction, it is, I think, quite certain that cold solid rock is
denser than hot melted rock : and no possible degree of rigidity
in the crust could prevent it from breaking in pieces and sinking
wholly below the liguid lava, Something like this may have
gone on and probably did go on for thousands of years after
solidification commenced ; surface portions of the melted mates
rial Josing heat, freezing, sinkin‘i1 immediately, or growing to
thicknesses of a few metres when the surface would be cool and
the whole solid dense enough to sink. ““This process must go
on until the sunk portions of crust build up from the bottom a
sufficiently close-ribbed skeleton or frame, to allow fresh incrus-
tations to remain bridging across the now small areas of lava,
pools, or lakes,

““In the honey-combed solid and liquid mass thus formed,
there must be a continual tendency for the liquid, in consequence
of its less specific gravity, to work its way up ; whether by
masses of solid falling from the roofs of vesicles or tunnels, and
causing earthquake shocks, or by the roof breaking quite through
when very thin, so as to cause two such hollows to unite or the
liquid of any of them to flow out freely over the outer surface of
the earth; or by gradual subsidence of the solid owing to the
thermodynamic melting, which portions of it under intense stress
must experience accoiding to my brother’s theory. The results
which must follow from this tendency seem sufficiently great and

1 “Observations on the Parallel Roads of Glen Roy and other Parts of

Lochaber in Scotland, with an Attempt to prove that they are of Marine
Origin."—Zransactions of the Royal Society for Feb. 1839, p. 81,
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various to account for all that we learn from geological evidence
of earthquakes, of upheavals and subsidences of solid, and of
eruptions of melted rock.” !

Leaving altogether now the h{;pothesis of a hollow shell filled
with liquid, we must still face the question, how much does the
earth, solid throughout, except small cavities or vesicles filled
with liquid, yield to the deforming (or tide-generating) influences
of sun and moon? This question can only be answered by
observation. A single infinitely accurate spirit-level or plummet
far enough away from the sea to be not sensibly affected by the
attraction of the rising and falling water, would enable us to find
the answer, Observe by level or plummet the changes of
direction of apparent gravity relativery to an object rigidly con-
nected with the earth, and compare these changes with what they
would be were the earth perfectly rigid, according to the known
masses and distances of sun and moon. The discrepance, if
any is found, would show distortion of the earth, and would
afford data for determining the dimensions of the elliptic spheroid
into which a non-rotating globular mass of the same dimensions
and elasticity as the earth would be distorted by centrifugal force
if set in rotation, or by tide-generating influence of sun or moon.
The effect on the plumb-line of the lunar tide-generating influence
is to deflect it towards or from the point of the horizon nearest
to the moon, according as the moon is above or below the
horizon, The effect is zero when the moon is on the horizon or
overhead, and is greatest in either direction when the moon is
45" above or below the horizon. When this greatest value is
reached, the plummet is drawn from its mean position through a
space equal to yypggoun Of the length of the thread. No
ordinary plummet or spirit-level could give any perceptible indi.
cation whatever of this effect; and to measure its amount it
would be necessary to be able to observe angles as small as
yavosooos Of the radian, or about ¢f5”. Siemens’ beautiful
hydrostatical multiplying level may probably supply the means
for doing this. Otherwise at present no apparatus exists within
small compass by which it could be done, A submerged water-
pipe of considerable length, say twelve kilometres, with its two
ends turned up and open might answer, Suppose, for example,
the tube to lie North and South, and its two ends to open into
two small cisterns, one of them, the southern, for example, of
half a decimetre diameter (to escape disturbance from capillary
attraction); and the other of two or three decimetres diameter
(so as to throw nearly the whole rise and fall into the smaller
cistern), For simplicity suppose the time of observation to be
when the moon’s declination is zero. The water in the smaller
or southern cistern will rise from its lowest position to its highest
position while the moon is rising to maximum altitude, and
fall again after the moon crosses the meridian till she sets ; and
it will rise and fall again through the same range from moonset
to moonrise. If the earth were perfectly rigid, and if the
locality is in latitude 45° the rise and fall would be half a milli.
metre on each side of the mean level ; or a little short of half a
millimetre if the place is within 10°north or south of latitude 45°.
If the air were so absolutely quiescent during the observations as to
give no varying differential pressure on the two water surfaces to the
amount of 1}y millimetre of water, or 1% of mercury, the observa-
tion would be satisfactorily practicable, as it would not be difficult
by aid of a microscope to observe the rise and fall of the water in
the smaller cistern to 1§y of a millimetre ; but no such quies-
cence of the atmosphere could be expected at any time, and it
is probable that the variations of the water-level due to difference
of the barometric pressure at the two ends would in all ordi-
nary weather quite overpower the small effect of the lunar tide-
generating motive. If, however, the two cisterns instead of

eing open to the atmosphere were connected air-tightly by a
return piﬁe with no water in it, it is probable that the observa-
tion might be successfully made : but Siemens’ level or some
other apparatus on similarly small scale would probably be pre-
ferable to any elaborate method of obtaining the result by aid of
very long pipes laid in the ground ; and I have only called your
attention to such an ideal method as leading up to the natural
phenomenon of tides,

Tides in an open canal or lake of twelve kilometres length
would be of just the amount which we have estimated for the
cisterns connected by submerged pipe ; but would be enormously
more disturbed by wind and variations of atmospheric pressure,
A canal or lake of 240 kilometres length, in a proper direction
and in a suitable locality, would give but ten millimetres rise

' “Secular Cooling of the Earth.” Zwansactions of the Royal Society of
Edinburgh, 1862 (W, ‘1 homson), and Thomson and Tait's  Natural Philo-
sophy,” §§ [ee), (/7).

and fall at each end, an effect which might probably be analysed
out of the much greater disturbance produced by wind and
differences of barometric pressure ; but no open liquid level
short of the ingens @quor, the ocean, will probably be feund so
well adapted as it for measuring the absolute value of the dis-
turbance produced on terrestrial gravity by the lunar and solar
tide generating motive. But observations of the diurnal and
semi-diurnal tides in the ocean, do not (as they would on smaller
and quicker levels) suffice for this purpose, because their amounts
differ enormously from the equilibrium values on account of the
smallness of their periods in comparison with the periods of
any of the grave enough modes of free vibration of the ocean as
a whole, On the other hand, the lunar fortnightly declinational
and the lunar monthly elliptic and the solar semi-annual and
annual elliptic tides have their periods so long that their amounts
must certainly be very approximately equal to the equilibrium
values,

But there are large annual and semi-annual changes of sea
level, probably both differential on account of wind and differ-
ences of barometric pressure and differences of temperature of
the water, and absolute depending on rain-fall and the melt-
ing away of snow and return evaporation, which altogether
swamp the small semi-annual and annual tides due to the sun’s
attraction,  Happily, however, for our object there is no
meteorological or other disturbing cause which produces periodic
changes of sea-level in either the fortnightly declinational or
the monthly elliptic period ; and the lunar gravitational tides in
these periods are therefore to be carefully investigated in order
that we may obtain the answer to the interesting question, how
much does the earth as an elastic spheroid yield to the tide-
generating influence of sun or moon? - Hitherto in the British
Association Committee’s reductions of Tidal Observations we
have not succeeded in obtaining any trustworthy indications of
either of these tides, The St. George's pier landing-stage pontoon,
unhappily chosen for the Liverpool tide gauge cannot be trusted
for such a delicate investigation ; the available funds for calcula-
tion were expended before the long-period tides for Helbre Island
could be attacked, and thtee years of Kurrachee gave our only
approach to a result. Comparisons of this, with an indication of
a result with calculations on West Hartlepool tides, conducted
with the assistance of a grant from the Royal Society, secem to
show possibly no sensible yielding, or perhaps, more probably
some degree of yielding, of the earth’s figure. The absence from
all the results of any indication of a 186 ycarly tide (according
to the same law as the other long-period tides) is not easily
e;pl'niltée'd without assuming or admitting a considerable degree
of yielding.

Closclygconnectcd with the question of the earth’s rigidity, and
of as great scientific interest and even of greater practical moment,
is the question—how nearly accurate is the earth as a time-
keeper ? and another of, at all events, equal scientific interest—
how about the permanence of the earth’s axis of rotation ?

Peters and Maxwell, about thirty-five and twenty-five years
ago, separately raised the question, how much does the earth’s
axis of rotation deviate from being a principal axis of inertia?
and pointed out that an answer to this question is to be ob-
tained by looking for a varlation in latitude of any or every
place on the earth’s surface in a period of 306 days. The model
before you illustrates the travelling round of the instantaneous
axis relatively to the earth in an approximately circular cone
whose axis is the principal axis of inertia, and relatively to space
in a cone round a fixed axis. In the model, the former of these
cones, fixed relatively to the earth, rolls internally on the latter,
supposed to be fixed in space. Peters gave a minute investiga-
tion of observations at Pulkova in the years 1841-42, which

.seemed to indicate at that time a deviation amounting to about

2" of the axis of rotation from the principal axis. Maxwell, from
Greenwich observations of the years 1851-1854, found seeming
indications of a very slight deviation—something less than hall a
second—but differing altogether in phase from that which the
deviation indicated by Pegers, if real and permanent, would have
produced at Maxwell’s later time. On my begging Prof. New-
comb to take up the subject, he kindly did so at once, and
undertook to analyse a series of observations suitable for the
purpose, which had been made in the United States Naval Ob-
servatory, Washington, A few weeks later I received from him
a letter referring me to a paper by Dr. Nysen, of Pulkova Ob-
servatory, in which a similar negative conclusion as to constancy
of magnitude or direction in the deviation sought for is arrived
at from several series of the Pulkova observations between the
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ears 1842 and 1872, and containing the following statement of
his conclusions :—

‘‘ The investigation of the ten month period of latitude from
the Washiné,vton prime vertical observations from 1862 to 186
is completed, indicating a co-efficient too small to be measure
with certainty, The declinations with this instrument are sub-
ject to an annual period which made it necessary to discuss those
of each month separately, As the series extended through a full
five years, each month thus fell on five nearly equidistant points
of the period. If x and y represent the co-ordinates of the axis
of instantaneous rotation on _)lune 30, 1804, then the obseryations
of the separate months gave the following values of x and y /—

& weight, ¥ weight,

{nnuary ~ 035 10 + 0'32
february ... - 003 14 q + 0'09
March * ... + 017 10 + 0'16
April ... + 0'44 g + 0'0§
May ... + 0'08 1 + 0'02
June ... ~ 0'01 14 ~ 00l
July .. -~ 0'0§ 14 - 0'00
August - 0°2 14 + 0'29
September.., + 0'1 14 + 0°21
October ... + 0'13 14 -~ 001
November.., + 0'08 17 - 0'20
December... - 0’08 16 - 0'08
Mean ...0"o1:£"03 + 0”05 %03

Accepting these results as real they would indicate a radius of
rotation of the instantaneous axis amounting, at the earth’s sur-
face, to 5 feet and a longitude of the point in which this axis
intersects the earth’s surface near the north pole such that on
July 11, 1864, it was 180° from Washington, or 103° east of
Greenwich. The excess of the co-efficient over its probable
error is so slight that this result cannot be accepted as any-
thing more than a consequence of the unavoidable errors of
observation,”

From the discordant character of these results we must not,
however, infer that the deviations indicated by Peters, Maxwell,
and Newcomb are unreal. On the contrary any that fall within
the limits of probable error of the observations ounght properly
to be regarded as real. There is in fact a werq causa in the tem-
porary changes of sea-level due to meteorological causes, chiefly
winds, and to meltings of ice in the polar regions and return
evaporations, which seems amply sufficient to account for irre-
gular deviations of from 4" to 4% of the earth’s instantancous
axis from the axis of maximum inertia, or, as I ought rather to
say, of the axis of maximum inertia from the instantaneous axis.

As for geological upheavals and subsidences, if on a very large
scale of area, they must produce, on the period and axis of the
earth’s rotation, effects comparable with those produced by
changes of sea-level equal to them in vertical amount. For
simplicity, calculating as if the earth were of e(lual density
throughout, I find that an upheaval of all the earth’s surfice in
north latitude and east longitude, and south latitude and west
longitude, with equal depressions in the other two quarters,
amounting at greatest to 10 centimetres, and graduating regu-
larly from the points of maximum elevation to the points
of maximum depression in the middles of the four quarters,
would shift the earth’s axis of maximum moment of inertia
through 1” on the north side towards the meridian of 9o’
W. longitude, and on the south side towards the meridian
of go® E. longitude. If such a change were to take place
suddenly, the carth’s instantaneous axis would experience a
sudden shifting of but ,),” (which we may neglect) and then,
relatively to the earth, would commence travelling, in a period
of 306 days, round the fresh axis of maximum moment of inertia,
The sea would be set into vibration, one ocean up and another
down through a few centimetres, like water in a bath set aswing,
The Eeriod of these vibrations would be from twelve to twenty-
four hours, or at most a day or two; their subsidence would
probably be so rapid that after at most a few months they would
become insensible. Then a regular 306 days’ period tide of
11 centimetres from lowest to highest would be to be observed,
with gradually diminishing amount from century to century, as
through the dissipation of energy produced by this tide, the
instantaneous axis ef the earth is gradually brought into coinci-
dence with the fresh axis of maximum moment of inertia, If
we multiply these figures by 3,600, we find what would be the
result of a similar sudden upheaval and subsidence of the
earth to the extent of 360 metres above and below previous

levels, It is not impossible that in the very early ages
of geological history such an action as this, and the con-
sequent 400 metres tide producing a succession of deluges every
306 days for many years may have taken place; but it seems
more probable that even in the most ancient times of geological
history the great world wide changes, such as the upheavals of the
continents and subsidences of the ocean beds from the general
level of their supposed molten origin, took place gradually
through the thermo-dynamic melting of solids and the squeezing
out o% liquid lava from the interior to which I have already
referred. A slow distortion of the earth as a whole would
never produce any great angular separation between the instan-
taneous axis and axis of maximum moment of inertia for the time
being. Considering, then, the great facts of the Himalayas and
Andes, and Africa and the depths of the Atlantic, and America
and the depths of the Pacific, and Australia, and considering far-
ther theellipticity of the equatorial section of the sea-level esti-
mated by Capt, Clarke at about v\ of the mean ellipticity of meri-
dional sections of the sea-level, we need no brush from the comet’s
tail, a wholly chimerical cause which can never have been put
forward seriously except in ignorance of elementary dynamical
principles, to account for a change in the earth’s axis ; we need
no violent convulsion producing a sudden distortion on a great
scale with change of the axis of maximum moment of inertia
followed by gigantic deluges ; and we may not merely admit,
but assert as highly probable, that the axis of maximum inertia
and axis of rotation, always very near one another, may have
been in ancient times very far from their present geographical
position, and may have gradually shifted through ten, twenty,
thirty, forty, or more degrees without, at any time, any percep-
tible sudden disturbance of either land or water. °

Lastly, as to variations in the earth’s rotational period :—
You all, no doubt, know how in 1853 Adams discovered a cor-
rection to be needed in the theoretical caleulation with which
Laplace followed up his brilliant discovery of the dynamical
explanation of an apparent acceleration of the moon’s mean
motion, shown by records of ancient eclipsss ; and how he found
that when his correction was applied, the dynamical theory of the
moon’s motion accounted for only about halfl of the observed appa-
rent acceleration ; and how Delaunay in 1866 verified Adams'’s
result, and suggested that the explanation may be a retardation of
the earth’s rotation by tidal friction. The conclusion is that since
March 19, 721 B.C., a day on which an eclipse of the moon was seen
in Babylon, commencing ““when one hour after her rising was fully
passed,” the earth has lost rather more than ggg4ggg of her rota-
tional velocity, or as a timekeeper, is going slower by 114 seconds
per annum now than then, According to this rate of retardation,
if uniform, the earth at the end of a century would, as a time-
keeper, be found 22 seconds behind a perfect clock, rated and set
to agree with her at the beginning of the century, Newcomb's sub-
sequent investigations in the lunar theory have on the whole tended
to confirm this result, but they have also brought to light some re-
markable apparent irregularities in the moon’s motion, which, if
real, refuse to be accounted for by the gravitational theory without
the influence of some unseen body or bodies passing near enough
to the moon to influence her mean motion, This hypothesis
Newcomb considers not so probable as that the apparent irregu-
larities of the moon are not real and are to be accounted for by
irregularities in the earth’s rotational velocity, If this is the true
explanation it seems that the earth was going slow from 1850 to
1862, so much as to have got behind by 7 seconds in these 12 years,
and then to have begun going faster again so as to gain 8 seconds
1802 to 1872. So great an irregularity as this wouhf require some-
what greater changes of sea-level, but not many times greater,
than the British Association Committee’s reductions of tidal
observations for several places in different parts of the world,
allow us to admit to have possibly taken place. The assumption
of a fluid interior, which Newcomb suggests, and the flow of a
large mass of the fluid *‘from equatorial regions to a position
nearer the axis,” is not, from what I have said to you, admissible
as a probable explanation of the remarkable acceleration of rota-
tional velocity which seems to have taken place about 1862 ; but
happily it is not necessary. A settlement of 14 centimetres in
the equatorial regions with correspondin{; rise of 28 centimetres
at the poles, which is so slight as to be absolutely undiscoverable
in astronomijcal observatories, and which would involve no change
of sea-level absolutely disproved by reductions of tidal observa-
tions hitherto made would suffice, Such settlements must occur
from time to time; and a settlement of the amount suggested
might result from the diminution of centrifugal force due to 150
or 200 centuries’ tidal retardation of the earth’s rotational speed,
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SECTION B.
CHEMICAL SCIENCE,

OPENING ADDRESS BY WiLLiaAm HENRY PerkiN, F.R.S,,
PRESIDENT,

THERE can be no doubt that chemistry and the allied sciences
are now being recognised to a much greater extent in this country
than in former years ; and not only so, the workers at research,
though still small in number, are more numerous than they
were.

In 1868, Dr. Frankland, in his address to this section at the
meeting at Norwich, commented upon the small amount of
original research then being carried on in the United Kingdom ;
but, judging from the statistics of the Chemlical Society, this
state of things became even worse; for in 1868 there were forty-
cight papers read before the Society, but in 1872 only twenty-
two. Since then, however, there has been a considerable increase
in the number ; and at the Anniversary Meeting in March last it
was shown that the number of communications for the session
had risen to sixty-six, or three times as many as in 1872,

Of course these figures only refer to the Chemical Society ;
but I think they may be taken as a very sale criterion of the
improved state of things, though it would be very gratifying to
see much greater activity.

It is also very pleasing to find that the aids to, and opportuni-
ties for, research are increasing, because it must be remembered
that, in a pecuniary sense, science is far from being its own
rewarder at the time its truths are being studied, although the
results very often become eventually of the greatest practical
value ; hence the wisdom of a country encouraging scientific
research,

But little, however, has been done in this direction in past
years, The grants made for general science by this association
and that of the Government of 1,000/ annually to the Royal
Society being the most important,

The Chemical Society has also been in the habit of givinfg small
grants for the purpose of assisting those engaged in chemical re-
search, Inthe luture, however, it will be able to do much more than
hitherto, One of the original members of the society, Dr. Long-
staff, offered in the early part of the year to give 1,000/ provided
a similar sum could be raised, the united amount to be invested,
and the interest applied for the encouragement of research, I
am happy to state that rather more than the required sum has
been raised, and it is hoped that it may be still further supple-
mented,

In addition to the Royal Society grant, the Government have
given this year a further annual sum of 4,000/ Of course this is
for science generally,

My, T. J. Phillips Jodrell has also placed at the disposal of
the Royal Society the munificent sum of 6,000/ to be applied in
any manner that they may consider for the time being most con-
ducive to the encouragement of research in physical sciences.

When we consider how much of our science is of a Phylic&l
nature, we must be grateful for this bequest; and itis to be
hoped that these helps will more and more stimulate research in
the United Kingdom ; and if we have any hope of keeping pace
with the large amount of work being now carried on in other
countries we must indeed be energetic,

The employment of well trained chemists in chemical works is
now becoming much more general than heretofore, especially on
the Continent, where in some cases a considerable staff is em-
ployed and provided with suitable appliances, &c., for the purpose
not only of attending to and perfecting the ordinary operations
which are in use, but to make investigations in relation to the
class of manufacture they are engaged in. A conviction of the
necessity of this is gaining strength in this country, though not
80 quickly as might be desired ; nevertheless these things are
encouraging,

With reference to the progress of chemistry and what have
been the fruits of research of late years, it will be iwpossible for
me to give even a general outline, the amount of work being so
large ; in fact, to recount the list of investigations made during
the past year would take up most of the time at my disposal.

Amongst the most interesting, perhaps, are those relating to
isomerism, especially in the aromatic series of organic bodies ;
and it is probable that a more intimate knowledge of this sub-
Ject will be found of really practical value.

As I am unable to give an account of the work done during the
pastyear on account of its extent and diversity, I propose to refer
to some of the practical results which have a{rcntyy acerued from
organic chemistry, as a plea for the encouragement of research ;

and those T intend to speak of are of special interest also on
account of their close connection with the textile manufactures of
Great Britain. I need scarcely say I refer to the colouring
matters which have been obtained from the products found in
tar.

It was in 1856, now twenty years since, that this industry was
commenced by the discovery of the ‘““mauve” or ‘‘aniline
purglc," and it may be of interest to state that it was in Scotland
in the autumn of the same year that the first experiments upon
the application of this dye to the arts of dyeing and calico-printing
were made at Perth and Maryhill.

I need scarcely remind you of the wonderful development of
this industry since then, seeing we now bave from the same
source colouring matters capable of producing not only all the
colours of the rainbow, but their combinations. I wish now,
however, briefly to refer to the date and origin of the products
which have served to build up this great industry.

It was in 1825 that Faraday published in the Philosophical
Zransactions his research on the oily products separated in coms.
pressing oil-gas, and described a substance he obtained from it—
a volatile colourless oil—which he called bicarburetted hydrogen,
Mitscherlich some years afterwards, obtained the same substance
from benzoic acid, and gave it the name it bears, viz. *‘ Benzol.”
This same chemist further obtained from benzol nitrobenzol, by
acting upon it with nitric acid. Zinin afterwards studied the
action of reducing agents upon nitrobenzol, and obtained
‘“aniline,” which he at that time called benzidam,

Again, Pelletier and Walter discovered the hydrocarbon toluol
in 1837. Deville produced its nitro-compound in 1841, and
Hofmann and Muspratt obtained from this “ toluidine,” by the
process used by Zinin to reduce nitrobenzol,

1 might mention other names in connection with these sub-
stances, such as Runge, Unverdorben, &c., but I would now
ask, did any of these chemists work at these subjects for the
hope of gain? was it not rather from the love of research, and that
alone? and now these products, which were then practically use-
less, are the basis of the aniline colours, But to go further:
Doebereiner a long while ago obtained from alcohol a substance
which he called "?ight oxygen ether,” now known as aldehyd,
Gay-Lussac produced iodide of ethyl in 1815. Dumas and
Peligot discovered the corresponding substance iodide of methyl
in 1835 ; but, as in the cases I have previously referred to, these
bodies had no practical value, and were never prepared but in
the laboratory. Hofmann, in his researches on the molecular
constitution of the volatile organic bases, in 1850, discovered
the replacement compounds of aniline containing alcohol radicals,

All these compounds have now been manufactured on the
large scale, and used in the further development of the industry
of these aniline colouring-matters.

Other substances might be mentioned, but I think these are
sufficient to show how the products of research which, when first
discovered and for a long period afterwards, were of only scien-
tific interest, at last became of great practical value ; and it is
evident that had not the investigations and discoveries I have
referred to been made as they were solely from a love of science,
no aniline colours would now be known,

The colouring-matters I have hitherto spoken of are nitro-
genous, and derived from benzol and its homologues ; there are
a few others, however, of the same origin which contain no
nitrogen, but they are of secondary importance.

Inow pass on to another class of colouring-matter which is
obtained from anthracene, a coal-tar product differing from ben-
zol and toluol in phgsical characters, inasmuch as it is a magnifi-
cent crystalline solid.

The first colouring-matter derived from anthracene which I
wish to draw your attention to is alizarin, the principal dycing
agent found in the madder-root. This substance was for a long
time supposed to be related to naphthalive, inasmuch as phthalic
acid can be produced from both of them ; and many were the
experiments made by chemists in this direction ; it was nor,
however, until 1868 that this was proved to be a mistake, and
its relationship to anthracene was discovered by Graebe and
Liebermann, who succeeded in producing this coal-tar product
from the natural alizarin itself.

Having obtained this important result, they turned their at-
tention further to the subject, hoping to find some process by
which alizarin could be produced from anthracene ; in this they
were soon successful.

The discovery of the artificial formation of alizaiin was of
great interest, inasmuch as it was another of those instances
which have of late years become so numerous, namely, the
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formation of a vegetable product artificially, but the process
used by Graebe and Liebermann was of little practical value
on account of the difficulty and expense of working it.

Having previously worked on anthracene derivatives, it oc-
curred to me to make some experiments on this subject, which
resulted in the discovery of a process by which the colouring-
matter could be economically produced on the large scale :
Messrs, Caro, Graebe, and Liebermann at about the same time
obtained similar results in Germany ; this was in 1869. Further
investigation during the same year yielded me a new process, by
which *“ dichloranthracene ” could be used in place of the more
costly product anthraquinone, which was required by the origi-
nal processes, I mention this as most of the artificial alizarin
used in this country up to the end of 1873, and a good deal
since, has been prepared by this new process,

It was observed that when commercial artificial alizarin pre-
pared from anthraquinone, but more especially from dichloran-
thracene, was used for dyeing, the colours produced differed
from those dyed with madder or pure alizarin, and many per-
sons therefore concluded that the artificial colouring-matter was
not alizarin at all. This question, however, was set at rest by
separating out the pure artificial alizarin from the commercial
product and comparing it with the natural alizarin, when it was
found to produce exactly the same colours on mordanted fabrics,
to have the same composition, to give the same reactions with
reagents, and to yield the same products on oxidation.

But whilst examining into this subject it was found that a
second colouring-matter was present in the commercial product,
and in somewhat large quantities, especially when dichloranthra-
cene had been employed in its preparation, and to this was due
the difference in shade of colour referred to.

This substance, when investigated, was found to have the
same composition as Furpurin, " also a colouring-matter found
in madder, but of very little value on account of the looseness
and dulness of some of the colours it produces, This new sub-
stance, being derived from anthracene, was named anthrapur-
purin ; unlike its isomer purpurin, however, it is of great value
as a colouring-matier, I do not think I shall be going beyond
the results of experience if I say it is of as great importance as
alizarin itself; with alumina mordants it produces reds of a
more scarlet or fiery hue than those from alizarin, In fact, so
fine are the colours produced that, with ordinary alumina-
mordants on unoiled cotton, it gives results nearly equal to
Turkey-red produced with madder or garancine, and I believe
the rapid success of artificial alizarin was greatly due to its pre-
sence. Most of that consumed at first was for Turkey-red
dyeing, and the colours were so clear and brilliant that it was
mostly used in combination with madder or garancin, to brighten
the colours produced by these natural products.

The purpie colours anthrapurpurin produces with iron mor-
dants are bluer in shade than those of alizarin, and the blacks
are very intense, Its application is practically the same as
alizarin, so that they can be used in combination.

As noted just now, the commercial product called ‘‘artificial
alizarin” first supplied to the consumer was always a mixture of
alizarin and anthrapurpurin, and various mixtures of these two
colouring-matters are still sent into the market ; but owing to
the investigations that have been made, and the study and atten-
tion that have been given to it by manufacturers, nearly pure
alizarin and anthrapurpurin are also sent into the market ; the
first being known as ‘* blue shade alizarin,” and the second as
red or ¢“scarlet alizarin,”

The formation of anthrapurpurin in the manufacture of alizarin
may to some extent be said to have arisen from a want of know-
ledge of the true conditions required for the production of
the latter,

It is now well known that alizarin isa dioxyanthraquinone, or,
in other words, anthraquinone, in which two atoms of hydrogen
are replaced by hydroxyl,

C,H40, CyH4(HO),04
e~ i)
Anthraquinone, Alizarin,

If we want to introduce hydroxyl into a compound, there are
several processes which can be used, but I will only refer to
those connected with the history of this colouring matter,

The first process which I will refer to has been used by che-
mists for a long period. It consists in first replacing the hydro-
gen by bromine, and then treating the resulting body with
potassic or other metallic hydrate ; and according as one, two,
or more atoms of hydrogen have been replaced by the bromine,

s0 on its removal by the metal of the metallic hydrate, a com«
pound containing a corresponding number of atoms of hydrogen
replaced by hydroxl is obtained.

Graebe and Liebermann acted upon this principle in their ex-
periments on the artificial formation of alizarin j and as it was
necessary to replace two atoms of hydrogen in anthraquinone,
they first of all prepared a dibrominated derivative, called dibro-

manthraquinone,
C14HgBrgOg,

By decomposing this with potassic hydrate at a high tempera-
ture, they obtained a violet-coloured product, which, when
acidified to remove the alkali, gave a yellow precipitate of

alizarin
: CyH,(HO),0,.

The second process T wish to speak of for the replacement
of hydrogen by hydroxyl in a compound is by converting it into
a sulpho-acid (usually by means of sulphuric acid), and subse-
quently decomposing this with potassic or other hydrate ; and
according as a mono- or disulpho.acid is employed, it yields on
decomposition a compound with one or two atoms of hydrogen
replaced by hydroxyl.

The discovery of sulpho-acids of anthraquinone, and their use in
place of the brominated derivative originally employed by Graebe
and Liebermann, constituted the great improvement in the manu-
facture of alizarin already referred to,

From what has just been stated, it was naturally supposed
that a disulpho-acid of anthraquinone would be required to pro-
duce alizarin ; and this was believed to be the case for some
time ; but further experiments have proved it to be a mistake,
and shown that the monosulpho-acid is required to produce
alizarin, the disulpho-acid yielding anthrapurpurin,

But how are we to explain this apparent anomaly? It would
take up too much time to enter into a discussion respecting the
constitution of the sulpho-acids of anthraquinone in reference to
the position of the HSOy groups. I will therefore confine my
remarks to their decomposition,

Monosulphoanthraquinonic acid,

Co(H(HS0,)0,,

when heated strongly with caustic alkali, as potassic or sodic
hydrate, decom?oses in the ordinary way, and we get ‘ monoxy-

anthraquinone,’

C 1 H,(HO)O,,
which is a yellow body possessing no dyeing properties, On
further treating this, however, with caustic alkali it changes,
being oxidised, and yields alizarin,

CyH(HO)0y

Disulphoanthraquinonic acid,
Cy H,(HS0,)0,,

when subjected to the influence of caustic alkali, at first changes
into an intermediate acid,

C Hg(HO)(HSO4) 0y,
and then into a dioxyanthraquinone,
C14Hg(HO),Oy,
now known as ““isoanthraflavic acid”—a substance having the
same composition as alizarin, but being only an isomer of that
body, and possessing no affinity for mordants; like monoxy-

anthraquinone, however, when further heated with alkali, it
becomes oxidised and yields a colouring-matter, which is

““ anthrapurpurin,”
C, H;(HO),0,.

Looking at these reactions, it appears rather remarkable that
Graebe and Liebermann should have succeeded in preparin
alizarin from dibromanthraquinone. It can only be explaine
on the assumption that the hydrogen atoms replaced in the
disulpho-acid are different in position to those replaced in the
dibromanthraquinone ; and of course it is possible that a disul-
pho-acid isomeric with that now known may be discovered that
will yield alizarin as a first product on treatment with alkali.

In the reaction which takes place when monoxyanthraquinone
or isoanthraflavic acid become oxidised and change into alizarin
and anthrapurpurin, nascent hydrogen is formed ; and this causes
a reverse action to take place, ordinary anthraquinone or its
hydrogen derivative, being formed, and a loss of colouring-
matter resulting, A small amount of potassic chlorate is now
used with the caustic alkali, just sufficient to overcome the
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reducing action which has resulted in an increased yield of
colouring-matter, the percentage obtained being now not very
much below the theoretical quantity,

When the process for making commercial artificial alizarin by
treating anthraquinone with sulphuric acid was first adopted, the
product from that treatment was a mixture of the mono- and
disulpho-acids of anthraquinone, Consequently the colouring-
matter prepared in this manner was a mixture of alizarin and
anthrapurpurin; and the reason why dichloranthracene, when
used in place of anthraquinone, yields a product very rich in
anthrapurpurin, is on account of the readiness with which it
forms a disulpho-acid of dichloranthracene which afterwards
changes into the disulpho-acid of anthraquinone,

At first it was supposed by many that the quantity of coal-tar
produced would not yield a sufficient supply of anthracene for
the manufacture of artificial alizarin, Experience has, however,

roved that this supposition was groundless, as now the supply
15 greater than the demand,

Moreover some very interesting experiments have lately been
made, by which anthraquinone and its derivatives have been
obtained without the use of anthracene. The most interesting
are those in which phthalic anhydride is employed with benzolic
derivatives ; for example, this anhydride gives with hydroquinone
a colouring-matter having the same comlivositlon, as well as most
of the other properties of alizarin, It is called quinizarin,
Baeyer and Caro have also obtained from phthalic anhydride and
phenol oxyanthraquinone ; and by using pyrocatechin in place of
phenol they got alizarin itself,

Althoug% these products have not been obtained in sufficient
quantities by these processes to be of any practical value, we do
not know what further research may do. Already one of the
substances used is being prepared on the large scale for the manu.
facture of that beautifu% colouring-matter ‘‘eosine ;” I refer to
phthalic anhydride.

Now with reference to the origin of the products which are
used for the manufacture of artificial alizarin, We find the first
researches made in reference to anthracene were by Dumas and
Laurent in 1832 ; subsequently Laurent further worked upon
this subject, and obtained, by the oxidation of this hydrocarbon,
a substance which he called anthracenuse ; he also obtained
dichloranthracene, Dr, Ander:on also made an investigation on
anthracene and its compounds in 1863, and assigned to it its
correct formula ; he re-examined its oxidation product, which
Laurent called anthracenuse, and named it oxyanthracene, this
substance we now know as anthraquinone,

All these substances were without any practical value until
1868 ; but we now find them of the greatest importance, and
used in very large quantities,

But to bring out more clearly the practical importance of these
fruits of research, it will be well perhaps to see what has been
their influence on the colouring-matters which were in use before
them, and also the extent of their present consumption,

The influence of the so-called aniline colours on the old colouring
matters, has been remarkably small, Itis true that at first magenta
had a depreciating influence upon cochineal ; but this has passed
away, and now the consumption of that dye is as great as ever ;
certainly its price is much lower than it used to be; but this is
due to a variety of causes, especially the great increase in the
cultivation of the insect at Teneriffe, And perhaps this want of
influence is not so very remarkable, when we consider the aniline
colours are entirely new products, differing in composition and
prorerties from the old colouring-matters, &c., and therefore
could only displace them to a certain extent,

But whilst this is the case the aniline colours have been more
and more used, until at present it is computed that their annual
sale in the United Kingdom and on the Continent exceeds
2,000,000/, This is probably due to new applications and in-
crease of trade. !

When, however, we come to consider the influence of the
anthracene colours alizarin and anthrapurpurin, more generally
known as ““artificial alizarin,” we find we have a very different
tale to tell. s

Here, in the case of alizarin, we have a competition not between
two colouring-matters, but the same from different sources ; the
old source being madder-root, the new one coal-tar, And
when we introduce the consideration of anthrapurpurin, which
produces such magnificent reds, much brighter than alizarin or
ordinary purpurin, we see we have not only a replacement but
an improvement, so that these new colouring-matters throw the
old ones into the shade, The products being purer, the clear-

ing processes for goods dyed with them are also necessarily easier
and simpler.

It will be interesting to examine into the statistics of the
madder and garancine trade in a brief manner, to see what has
been the influence of artificial alizarin on their consumption.
The following figures are mostly calculated from the Board of
Trade returns.

During the ten years immediately preceding the introduction
of artificial alizarin the average annual imports of madder into
the United Kingdom were 15,292 tons, and of garancine 2,278
tons, Iistimating the value of the former at 2/ 25, 64., and the
latter at 8/, per ewt., which were about the average prices during
that period, the annual value in round numbers was about one
million sterling.

The introduction of artificial alizarin has, however, so influ
enced the value of madder that its price is now less than one-
hall ; and thus a saving of over halfa million sterling per annum
has been effected to the manfacturers of the United Kingdom, one
half of which may be put down to Glasgow,

So much for its effect in reducing prices ; but what has been
its influence on the consumption of these dye-stuffs ?

I have already stated the average quantity of these substances
imported per annum prior to the discovery of the artificial pro-
duct, and will now compare it with the imports of last year and
this, That for the present year of course is an estimated quan-
tity, and calculated from the returns for the first seven months,

Average annual imports,

1850 —1868, 1875, 1876,

tons. tons, tons,

Madder ......... 15,202 5,014 3,653
Garancine ...... 2,278 1,203 813

These numbers speak for themselves.

The money value, which was formerly 1,000,000/ per
annum, is now, calculating from the estimated quantity for
this year, only 138,105/, say- 140,000/ taking garancine at
44, rer cwt, and madder at 1Z per cwt., prices slightly in excess
of their present value,

At the present prices the cultivation of madder-roots is unre-
munerative, so that it is to be expected that madder growing will
soon be a thing of the past, thousands of acres of land being at
the same time liberated for the growth of those products we can-
not produce artificially, and without which we cannot exist. The
quantity of madder grown in all the madder-growing countries
of the world prior to 1868 was estimated to be 70,000 tons per
annum, and at the present time the artificial colour is manu-
factured to an extent equivalent to 50,000 tons, or more than
two-thirds of the quantity grown when its cultivation had reached
its highest point,

1 might have referred to other subijects besides the coal-tar
colours which have resulted from scientific research ; but I know
of no other of such interest and magnitude. From the brief
history I have given we see that the origin of these colouring
matters is entirely the fruit of many researches made quite inde-
pendently by different chemists, who worked at them without
any knowledge of their future importance ; and on looking at
the researches which have thus culminated in this industry, it is
interesting to notice that many, if not most of them, were con-
ducted for the purpose of elucidating some theoretical point.

These facts certainly ought to be a great encouragement (o
chemists, and stimulate them to greater activity. It would be
very pleasing to see more work emanating from the chemical
schools of the United Kingdom ; and I think no student should
consider his chemical curriculum finished until he has conducted
an original research, The knowledge obtained by a general
course of instruction is of course of very great value, but a good
deal of it is carried on by rule j in research, however, we have
to depend upon the exercise of our judgment, and in fact of
all our faculties; and a student having once conducted even
one investigation, under the guidance of an efficient director,
will find that he has acquired an amount of experience and
kno:lvledge which will be of the greatest value to him after-
wards,

It is hoped these remarks will encourage young chemists
patiently and earnestly to work at whatever subject they may un-
dertake, knowing that their results, although sometimes appas
rently only of small interest, may contain the germ of some-
thing of great scientific or practical importance, or may, like a
keystone in an arch, complete some subject which before was
fragmentary and useless,
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SECTION C.
GEOLOGY,

THE Duke of Argyll read a paper On the Physical Structure of
the Highlands, in connection with ther Geological History. He
said :—The questions dealt with by geological science have now
become so vast and various that no one district of country can
be expected to furnish illustrations of more than a very few of
them. The West of Scotland, in the capital of which we are now
assembled, is not rich in deposits which illustrate the passage of
animal life from the types which have become extinct to those
which are of more modern origin and which still survive. No
bone caverns have been discovered of importance, and, with one
exception, even our river gravels and estuarine deposits have not
been especially productive. That exception is, indeed, a feature,
It was in this valley of the Clyde that the late Mr. Smith, of Jordan-
hull, first discovered those indications of Antarctic climate recently
Brevailing, which have ever since constituted a large and important

ranch of geological inquiry, and the full interpretation o} which
still presents some of the most curious problems with which we
have to deal. But our Palmozoic areas, except the Coal Measures,
are to a large extent singularly unfossiliferous ; neither the
Scottish Oolite nor Lias have yielded any remarkable additions to
the curious fauna of which in England and elsewhere they have
yielded abundant specimens. But, on the other hand, perhaps
no area of country of equal extent in any quarter of the worYd
presents more remarkable phenomena than the West of Scotland
in connection with those causes of geological change which have
determined the form of the earth’s surface, and have given to its
physical geography those features of variety and beauty which
are the increasing delight of civilised and instructed men,

We cannot descend the course of this river Clyde to the noble
estuary in which it ends, without having presented to us mountain
outlines and an intricate distribution of sea and land which raise
questions of the highest interest, and of the greatest difficulty.
Irom the northern shores of that estuary to Cape Wrath, in
Sutherland, the country is occupied mainly by rocks of the
Silurian age, but so highly crystalline as to be almost wholly
destitute of fossils, and so upheaved, twisted, contorted, and
folded into a thousand difierent positions that, except in one
great section, it is most difficult to trace any persistent succession
of beds, It is one great series of billowy undulations, traversed
by glens and valleys, some of which are high above the level of
the, sea, but many of which are now so deeply submerged
that the ocean is admitted far into the bosom of the hills,
These glens and valleys lie in mat:iy different directions, but there
are 50 many with one prevalent direction as to give a general
character to the whole—a direction from north-east to south-
west, or parallel to the prevalent strike of the Silurian rocks,
The shapes of the hills and mountains are not by any means
wholly without relation to geological structure, because in a
thousand cases the sloping outlines will be found to be determined
by the inclination of the beds, and the precipitous or steeper
outlines to be determined by the upturned or broken edges. In
like manner there are cases where a crumpled or knotted outline
is the index of beds deeply folded and counteracted along anti-
lineal axes ; but, nevertheless, there are also innumerable cases
where no such relation can be traced, where the mountains seem
to have been cut off some solid mass, all the rest of which has
been removed by some agency which left these great fragments
standing by themselves, and of which the contours cut across
the lines of the structure at every variety of angle.

Along the whole western face of this country itis guarded from
the open ocean by an archipelago of islands, some of which are
separated from the mainland vy submerged valleys no broader
than those which separate one hill from another in the inland
glens, Many of these islands are wholly occupied by the débris
and the outbursts of extinct volcanoes. The mountains which
are thus composed bear in many cases the characteristic forms of
lava streams, but many others are not readily distinguishable in
outline from the mountains of wholly different material which
are near them, They reach the same general average level of
height, here and there rising into peaks very similar to others of
a widely different age and ot a widely different material. More.
over, all the islands partake largely of the general character of
the mainland in having their deeper valleys submerged, and in
being thus deeply indented by arms of the sea similar to those
which give its peculiar outline to the adjacent coasts.

It may serve to bring more vividly before you the facts of the
physical geo;imphy of the country”(for which it is one of the
duties of geologists to account if they can)if I give you some

statistical facts affccting the single county of Arzyll, which begins
on the northern shore of the Firth of Clyde. Following the coas!-
line of that county from the head of Loch Long, which is its
southern and eastern boundary, to Loch Aylort, which is its
northern and western boundary, and, including its islands, we
find it measures no less than 2,289 miles in length, of which
about 840 represent the sinuosities of the mainland, and 1,449
represent the coast-line of its larger islands. There are, besides,
valleys, which are now inland, and are occupied by fresh-water
lakes, which evidently at a recent period were arms of the sea,
and these represent a further line of coast measuring 276 miles,
There are eleven principal arms of the sea, each of them measur-
ing from one to thirty-six miles in length, Two of these arms of
the sea exceed the 100 fathoms line in depth—Loch Fyne and
the Linnhe Loch; and it is very remarkable that these deep
soundings do not occur near the points where these lochs join the
more open sea, but, on the contrary, far up their course or bed
among the mountains, The ridges dividing these and the other
valleys vary in elevation from hills of very moderate height
to the mnfes of Cruachan, which immediately beyond the
boundary of the country culminates in Ben Nevis, which rears
its head almost on a level with Ben Macdhui, now ascertained to
be the highest summit in the British Isles. But no statistics can
ive an idea of the intricacy with which sea and land are inter-
olded on the western coasts comparable with that which is
gained by some of the many beautiful views that abound on
the heights in the vicinity of Oban, whence the visitor can
command the entrance of Loch Etive, with the course for many
miles of the Linnhe Loch, of the Sound of Mull, the Sound of
Kerrera, and the Firth of Lorne,

Now, the question naturally arises—to what geological ages
and to what geological causes do we owe in its main features
this curious distribution of land and sea? I say in its main
features, because, of course, the more superficial sculpturing of
every mountainous country is undergoing incessant modification,
and this modification may have been, and probably has been,
very considerable indeed, in the times which, geologically
speaking, belong to the existing age ; but the question I put has
reference to the epoch of past time when the main outlines of
hill and valley were determined, when the great mass of the
country (which has been, I believe, correctly identified as com-
posed of metumorghosed Silurian beds) was elevated into the
various mountain chains which now constitute its characteristic
features.

If the question had been asked some five-and-twenty years
ago I should have said that the evidence pointed to an age of
great geological antiquity, for the central group of highland
mountains was in some shape like that in which we see them.
All round the edges of the counuf'ly there are the remains of the
Old Red Sandstone, which often fit into the contour of the valleys
and have left fragments in nooks and recesses of the hills, It
would almost seem as if they had been the shores of the seas and
great lakes in which that great system of deposit was laid down ;
and that they had lifted their heads above those waters in forms
not wholly unlike those in which we now see them., The total
absence over almost the whole country of any other or later
rocks, the absence among the @#iris of any material other than
that of which the hills are themselves composed, would seem to
confirm the same general conclusion. Some doubt, however,
may seem to have been thrown on this conclusion, since it has
become certain that it cannot be true of, at least, one district of
our western mountains, which is, nevertheless, closely related to
all the rest, havin the same general elevation, partaking of the
same general trend of coast-lines, cut up by similar valleys, and
fitting 1nto the same contours of denudaion,

The district to which I refer is that of the voleanic islands
which stretch from the south end of Mull to the north end of
Skye. Since the discovery which I was fortunate enough to
make in 1851 of the leaf-beds in Mull, it has become clearly
ascertained that these islands are the remains of volcanoes of that
geological age to which an ever-increasing interest seems to
attach—that middle age of the great Tertiary division of geological
time to which Lyell gave the name of Miocene, The mountains
of Mull and of Eigg and of Rona and of Skye, in all their
valleys and intricate lines of coast, have unquestionably an origin
later than the Miocene—how much later is the question of
physical geography which geologists are called to solve. It is
possible, indeed, to suppose that the hills of the mamland might
be of a very different age from those of the adjacent islands, and
against this, until some two years ago, there would have been
nothing to advance except the suspicious similarity and adjusts
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ment between the two groups, the coincidence of their outlines,
and of the way in which they had been cut and carved ; but the
admirable researches of Mr. Judd have, in 1874, brought one
little fact to light which speaks volumes for the enormous changes
which must have taken place since the volcanoes of the Miocene
over a portion at least of the Highland area, and which may
therefore have taken place over the whole of it.  The land upon
which the Miocene vegetation flourished and upon which the lava
streams of the volcanoes were poured out, seems to have been for
the most parta land consisting of Cretaceous and Secondary
rocks. The fragments of that country which remain are gener-
ally consistent with the supposition that they were deposited in
a sea which washed round the bases of the Highland mountains,
but which never covered them,

Like the fragments of the Old Red Sandstone, the remains of
the Secondary rocks lie along the margins and fringes of the
Silurian hills ; but Mr, Judd has made lflc startling discovery of
an outlier of the whole series of the Secondary rocks, including
representative beds of the Trias, Lias, Green Sand, and Chalk,
together with deposits, probably lacustrine—all lying on the top of
one of the mountains of metamorphic gneiss which constitute the
district of Morven, This fragment has been preserved by having
been covered by a sheet of lava from some ygreat neighbouring
volcanic centre, the position of which is indicated by Ben
More in Mull; but the mass of volcanic trap which was covered
up and preserved this relic of the Cretaceous land is itself a frag-
ment occupying the top of a mountain of gneiss separated from
the remainder of the sheet of lava to which it belongs by dee
valleys precisely similar to those which divide the hills from eac
other throughout the whole area of the Highlands. The position
of an outlier of the Cretaceous rocks on the summit of a moun-
tain of gneiss is rendered still more curious by the circumstance
that in that position the beds are not tilted, or in any way
apparently disturbed. They are arranged horizontally, as if the
ocean floor on which they were deposited had occupied that level,
oras if its deposits had been lifted up over so large an area that
any small seciion of that area could retain its original horizon-
tality, The lower Silurian gneiss beds on which these Secondary
deposits have been laid are violently twisted and contorted, and
this structure must have belonged to them when they constituted
the floor of the Cretaceous sea; the position of the Miocene
basalts capping the Secondary deposits proves that the whole
mountain, as a mountain, is of later date than the Miocene age
—how much later we cannot tell, and thus that the causes of geo-
logical change which have cut up the country into its present form,
though they doubtless began in very remote epochs, have at least
been prolonged into a comparatively late age in the history of
the globe,

It would, I think, be affectation to pretend that our science
enables us to follow with anything like distinctness of conception
the exact nature and sequence of operations which through
such a vast lapse of time have brought about the final result, but
1 believe in something like the following outline of events :—

First, that subsequent not only to the consolidation, but pro-
bably also to the metamorphism of the Lower Silurian deposits,
the whole area of the Western and Central Highlands became an
area of that kind of disturbance which arose from lateral pressure,
due to secular cooling, and consequent contraction and subsidence
of the crust of the earth, Second, that the crumpling, contortion,
and tilting of the Silurian beds which we now see, arose from
that disturbance, Thirdly, that then werc determined those
great general lines of stake running from south-east to north-
west which are to this day a prominent feature in the physical
geography of the country. IFourthly, that during that period of
disturbance, and as part of the movement which then took place,
the disturbed rocks fell inwards upon materials at a great heat,
which rose in a pasty state along lines of least resistance,
and thus came to occupy various positions sometimes inters
calated among the sedimentary beds. Iifthly, that to this
period, and to this method of protrusion, we owe some at least
of the measures of granitic material which are abundant in the
Highlands in particular ; that to this period belongs the porphy-
ritic granites on the north shores of Loch Fyne,  Sixthly, that
during the later ages of the Paleeozoic period volcanic action
broke out at various points, accompanied by great displacement
and dislocation of strata, and that to this, with the denudation
which followed, we owe much of the very peculiar scenery of
the south-western coasts, especially in the district of Lorne, in
Argyllshire, Seventh, that we have no prooi that the Central
Highlands were ever under the seas which laid down the deposits
of the later Palwozoic age. Eighth, that such evidence as we

have, points rather to the conclusion that they were not under
such seas, since such fragments as remain of the Old Red and of
the Carboniferous rocks appear to have been deposited round the
bases and in the marginal hollows of the Silurian hills, Ninth,
that, in like manner, we have no evidence that the great mass of
the Central or, Western Highlands were ever under the seas of
the Secondary ages, which, on the contrary, appear to have
deposited their sediment upon an area outside of, but probably
surrounding, the area of these Central Highlands, and certainly
upon those north-eastern and western flanks., Tenth, that the
whole area of the Inner Hebrides and of the water dividing them,
together with some portion of the mainland, as in Morven, was
an area occupied by Secondary rocks. Eleventh, that in the
Tertiary ages—probably in the Eocene and certainly in the Mio-
cene—those rocks formed the bases of a great land of unknown
extent, very probably extending for a great distance both to the
east and west of the present coasts of Scotland and embracing
the north of Ireland. Twelith, that this country became in the
Miocene age, and possibly earlier, the scene of great volcanic
outbursts, which covered it with vast sheets of lava and broke
up its Sedimentary rocks with every form of intrusive plutonic
matter. Thirteenth, that later in the Tertiary periods and per-
haps as late as the Pleiocene, this volcanic country was itself
broken up by immense subsidences and upheavals, giving both
occasion and direction to the agencies of denudation and to
enormous removal of material. Fourteenth, that this Tertiary
country had been thus broken up and nothing but its fragments
left when the glacial epoch began, and that the main outhines of
the country as we now see it had been already determined when
glacial conditions were established. Fifteenth, that thus the
work of the glacial period has been simply to degrade and
denude pre-existing hills and to deepen pre-existing valleys.
Sixteenth, that during the glacial epoch there was a subsidence
ot land to the depth of at least 2,000 fect above the level ol the

resent sea, and again a re-elevation of the land to its present
evel, Seventeenth, that this re-elevation has not restored the
land to the level it stood at before the subsidence began ; but
has stupped greatly short of it, and that the deep aims of the
sea, or lochs, which intersect the country and some of the
deeper fresh-water lakes, such as Loch Lomond, are the valleys
still submerged which at the beginning of the glacial epoch were
high above the sea and furrowed in flanks of loftier mouutains ;
that during the glacial period the work of denudation and degra-
dation was done, and done only, by ice in the three well-known
forms—first, of true glaciers descending mountain slopes ; second,
ol icebergs detached trom the termmnation of these glaciers where
they reached the sea ; and third, by floe or surface ice driven by
currents which were determined in direction by the changing
contours of tne land during the processes of submersion and re-
elevation,

It would be impossible on this occasion to illustrate or support
these various propositions by going into the evidences on which
they rest ; but as those of them which relate to the operations of
the glacial epoch express a decided opiniun upon questions now
involving much dispute, I must say a few words in explanation or
defence of that opinion,

It will be seen that I disbelieve altogether in this theory of
what is called an ice-cap, or, in other words, I hold that there is
no evidence that there ever existed any universal mantle ot ice
higher or dee,.er than all the existing mountaws, covering them
and moving over them from distant western regions,

In the first place, this theory presupposes conaitions of climate
which must have prevailed universaily over the whole northern
hemisphere, whereas over a great portion of that hemisphere,
west ol a certain meridian on the American continent, all traces
of general glaciation and of any general distribudion of erratics
disappear, In the second place, the theory assumes that masses
of ice lymng upon the suface ot the earth more than mountain
deep, would have a proper motion of its own capable of
overcoming the friction not only of rough level surfaces,
but even of the stcepest gradients, for which motion no
adequate cause has been assigned and which has never been
proved to be the natural cousequence of any knewn force
as to be consistent with the physical properties of the material
on which it i1s supposed to have acted. In the third place, as a
matter of fact, there does not now exist anywhere on the globe
masses of ice which can be proved to have any motion of this
kind or to be subject to forces capable of driving and propelling
it m the manner and with the eflects which the theory assumes.
The case of Greenland, which is often referred to as an example,
does not present phenomena at all similar to those attributed to
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the ice-sheet, In the fourth place, all phenomena of glacia-
tion which are exhibited on the mountain ranges, including the
distribution of erratics, can be adequately accounted for by the
three conditions or forms of moving ice which have been above
enumerated, and all of which are now in actual operation on the
globe—namely, ice moving, not up, but down mountain slopes
by the force of gravitation, and ice floated by water and driven
b{ currents, as icebergs or as floes. In the fifth place, these
phenomena of glaciation are essentially different from those
which would result from the motion of a universal ice-sheet,
supposing it to have existed, and supposing it to have had the
(ims)ossible) motion which has been ascribed to it. In the
sixth place, that, in particular, the mode in which erratics are
distributed and the peculiar position of perched blocks are de-
monstrative of the action, not of solid, but of floating ice; whilst
the surfaces of rock which have escaped glaciation on one side
and retain the deepest marks of it upon another side, are equall
demonstrative of exposure to moving ice, under conditions whic
did not enable it to fit into the inequalities of surface over which
it passed. In the seventh place, the phenomena seem to me to
prove that some of the very heaviest work done by ice has been
towards the close of the glacial epoch, when the land was
emerging again from out of a glacial sca, and when all the cur-
rents of that sea, loaded with bergs and floes, were determined
entirely by the outlines of the rising land. In regard to the
much-disputed question of the glacial origin of lake-basins, the
conclusion to which T have come is one which to some extent
reconciles antagonistic views. 1 donotindeed believe that glaciers
can ever dig holes deep under the average slope of the surface
down which they move, but on the other hand they are the most
powerful of all abrading agents in deepening their own bed and
cutting away the rocky surfaces which lie beneath them, If valleys
thus deepened by the long work of glaciers and glacier streams are
afterwards submerged along with the whole country in which they
lay, and if that submergence is accompanied by partial and un-
equal rates of subsidence, they would inevitably ;become hol-
lows into which the sea would enter, or in which fresh waters
would accumulate, In this sense and in this way it can hardly
admit of a doubt that those lakes, which are nothing but sub-
merged valleys, are due in part to glacial action, although the
other half of the causation on which they depend is to be sought
in the subterranean action of subsidence,

In conclusion, I would observe that although the fact of a
great subsidence and a re-elevation of the land during the glacial
epoch has been generally admitted to be one of the facts of which
there is the clearest evidence, it is nevertheless a fact of which all
the conditions and all the consequences have been most imper-
fectly recognised, Without venturing to go so far back as to ima-
[‘;ine the process of subsidence and submergence, let us only think

or a moment of that movement of re-elevation which has cer-
tainly been one of the very latest of the great movements of
geological change, If it took place very gradually and very
slowly, it necessitated the supposition that every inch of our
mountain surfaces, up to at least 2,000 feet, has been in succes-
sion exposed to the conditions of a sea beach, Yet where are
the marks upon them of such conditions? We may suppose
such marks to have been generally obliterated by later sub-aérial
denudation ; but against this is to be set the fact that the position
and distribution of perched blocks and other erratics deposited
by floating ice demonstrates in my opinion that very little indeed
of such denudation has taken place since they were placed where
we now see them,

I could take any of you who are interested in this question to
a precipitous hill near Inveraray, some 1,200 feet above the level
of the sea, from the top of which you can look down on the masses
of transported rock stranded upon its sides and base, precisely as
one might look down from t.he top of some dangerous reef in the
present ocean upon the d@éris of a whole navy of ships shattered
upon it in some hurricane of yesterday. There they lie, some
more or less scattered, some heaped upon and jammed against
cach other with sharp angles and outlines wholly unworn and,
moreover, so distributed that you see at a glance their strict
relation to the existing heights and hollows of the land, which
must then have been the shoals and channels of the sea, These
contours cannot have been materially changed since that sea
was there, It seems that it must have been, geologically
speaking, only a few days ago. And this conclusion would seem
to be confirmed when we observe the phenomena which are pre-
sented in certain cases, where the land has clearly rested for a
considerable time, and the ocean has left in raised beaches the
evidence of its work at certain levels, Such raised beaches are

to be found at many points all round our western coasts, But
incomparably the finest and most instructive example of them is
to be seen on the west coast of the Island of Jura, near the mouth
of Loch Tarbert, Jura, and extending for several miles to the
north. These beaches are visible from a great distance, because
these rolled pebbles are composed entirely of hard white quart-
zite of the Jura mountains, which resists disintegration, and is
unfavourable to the successful establishment of vegetation,

1 visited these beaches a few weeks ago, and, measuring the
elevation roughly with a graduated aneroid, I found that they
represent three more or less distinet stages of subsidence. One
beach being about the level of 50 feet above the present sea-level ;
another about 75 feet, and a third at about 125 feet. Some
others which T saw only from a distance appeared to be higher,
and I believe, but am not quite sure, that farther to jthe north
they have been traced to the level of 160 feet. But the feature
connected with these sea beaches, and especially with the lowest,
or the 50 feet beach, is the evidence it affords—first, of the length
of time during which the ocean stood at that level, and, secondly
and particularly, the evidence it affords of the very recent date at
which it must have stood there.  As regards the length of time
during which the ocean must have stood there, it is sufficient to
observe the beautiful smoothness and roundness of the pebbles.
They have been more thoroughly rolled and polished than the
corresponding pebbles on the existing shores, equalling in this
respect the famous pebble beds of the beach at Poitland, Then,
as regards the very recent date at which the ocean must
have stood there, it is difficult to give in words an adequate idea
of the impression which must be left on the mind of every one
who looks at them. You see the curves left by the sweep of the
surf, the summit level of its force, and the hollow behind that
summit, which is due to the exhausted crest, all as perfect as if it
had been the work of yesterday,

It is difficult to conceive how ordinary atmospheric agencies,
and even the tread of sheep and cattle, should not have broken
such an arrangement of loose material, but there are exceptionally
favourable circumstances for the preservation of these beds from
absence of considerable streams and the protection of surround-
ing rocks. There is little or no evidence of glaciation anywhere
around, and, although it is certain that the sea which stood at
these beaches so recently was a sea subject to glacial conditions,
it is equally certain either that it continued to work there after
those conditions had passed away, or, what is more probable,
that that particular line of coast was protected from the drift of
surrounding ice floes. If, now, we compare the evidence of
recent action in these sea beaches with the similar evidence
connected with the position of erratics at higher levels, which
can only have been placed there by floating ice, I cannot help
coming to the[conclusion that the submergence and re-eleva-
tion of the land to the extent of more than 2,000 feet above the
level of the present ocean has been one of the very latest changes
in the history of this portion of the globe ; and, moreover, that
the re-elevation has been comparatively rapid, probably by lifts
or hitches of considerable extent, and that there were few, if
any, pauses or rests comparable in duration with those which are
recorded in the Jura beaches and in the cutting of the existing
coasts, In conclusion let me repeat that, whether this conclusion is
correct or not—and I am well aware of the many difficulties which
surround it—the general fact of submergence and re-elevation is,
perhaps, as certain as any conclusion of geological science, and
that the consequences of it in accounting for the distribution of
gravels and the most recent changes of denudation have never as
yet been worked out with anything approaching to consistency
or completeness,

Professor GEIKIE, F.R.S., remarked that those who had
watched recent discussion in physiographical geology might
have been prepared, as he himself was, for a much greater
divergence of opinion between the views expressed by the Duke
of Argyll and those entertained by the younger school of
geologists, 'While expressing his gratification at this approach,
and at the very clear and eloquent views of the author of the
paper, he ventured to point out some points where the arguments
seemed faulty, He showed that the Highlands might have been
covered with Old Red Sandstone, and that the antiquity of the

resent mountains could not be traced back to the primeval up-
Eenval to which undoubtedly the general mass of Highland land
was due. He pointed out that the absence of raised beaches
could not be regarded as a disproof of the former presence of the
sea, but indicated a period of pause during either a rapid or
protracted upheaval,

Professor HARKNESS fully agreed in what Professor Geikie
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had said in reference to the great value of the communication of
his Grace. There were, however, some points to which he must
take exception, He considered that the arrangement of the
strata which form the metamorphic rock of the Highlands was
not so difficult to unravel as some inferred, The southern por-
tion of the series in many spots afforded clear section of the
sequence and contortions, and he would specially refer to the
section between Loch Tay and Glen Lyon. This section afforded
clear evidence of mountains lying in a synclinal trough, a cir-
cumstance which could not be accounted for by contortions pro-
ducing hills and valleys: He also agreed with Professor Geikie
in considering that the Old Red Sandstone formerly covered a
very large portion of the metamorphic rock, and he was more
disposed to refer the outline of the Highlands to superficial
denudations than elevations or subsidences of metamorphic
strata, He referred to the importance of an investigation of the
glaciation of the Outer Hebrides in any effort to solve the glaci-
ution of the Highlands and Islands. {lc had for several years
taken observations in these islands in regard to this subject,
and the conclusions he had come to were that the whole of these
outer islands had been glaciated from the Atlantic to the West ;
sccondly, that during the period of submergence in the glacial
epoch, icebergs and floes had dropped blocks on all our islands,
many of which were finally perched ; thirdly, he thought that
local glaciers had also existed in Harris, at least, if not in South
Uist, The glaciation of the Outer Islands was remarkably fine
and should be visited by all interested in the glaciation of Scot-
land, Mr, Thomson had examined the conglomerates from the
Mull of Kintyre to Loch Inver, in Ross-shire, and had never
found a single section of the strata that contained similar pebbles
and boulders to those found on the shores of Jura and Islay.
IHe could not agree with Mr. Jolly in saying that the drifted
boulders found in the Island {of Lewis had all drilted from the
West. Many were traceable to the mainland Cambrian age,
and were found in Gare Loch and neighbourhood. Inreference (0
the flexures of the valleys he quite agreed with his Grace, and re-
ferred to Tarbert, Loch Fyne, where there was one great flexure,
rocks being contorted and broken up into every conceivable
aspect ; the great depth of water in Loch Fyne inducing the belief
that the contour of the country was established previous to the
deposition of the Mesozoic rocks,

The Rev. H. W, Crosskey remarked that the general glacial
phenomena of Scotland could be explained without recurrence
to the ice sheet, These phenomena were largely connected with
local conditions. The absence of any positive marks of sea-
heaches was no proof against submergence, In many cases a
small deposit accidentally discovered proved the submergence of
miles of country. Some great salient facts in the order of events
stood fairly established. In the first instance the land stood at
a higher level. This was proved by remains of rivers beneath
boulder clay, and other facts, Subsidence then occurred, and
glacial shell clays were deposited. Owing to subsequent re-
elevation a slight subsidence probably again took place previous
to the final upheaval, As regards the last upheaval, he held
that it took place gradually. IExamination of the clays showed
a quick passage from marine to estuarine conditions, He agreed
with his Grace that the last upheaval was probably at a recent
period, but it must be remembered that the highest beds of
fossils of the series consisted of elacial forms, He asked atten-
tion to the great general order of the succession of beds.

Prof. W, C. WILLIAMSON, as a student of the Midland drifts,
was surprised at the apparent agreement among the Scotch
geologists in their non-recognition of Agassiz’s ice-sheet. He
was not able to acquiesce in their views on two grounds, The
question turned upon the meaning of the terms glacietion and ice-
sheet, which were terms representing relative magnitudes, The
ice-covering of Greenland was practically an ice-sheet, and yet
that it must have a coastward motion was shown by the icebergs
which continually and through long ages broke away from it
without reducing its area. In like manner the Antarctic ice
along which the Zrebus and Zerror sailed for hundreds of miles
without break, more than mast high above the water, and seven
or eight times that amount below 1t, must have a similar motion,
Again, the condition of the lower till, a true moraine profonde,
devoid of all traces of marine life, could not be explained except
on the supposition of a sub-glacial origin, a position in which
all Jife was excluded, a condition intelligible on the supposi-
tion of formation under a broad ice-sheet,

Mr, Gwyn Jeffreys and Mr. Pengelly also took part in the dis-
cussion, - The Duke of Argyll briefly replied, and thanks were
accorded to his Grace for his interesting paper.

SECTION D,
BIOLOGY.'

Department of Zoology and Botany .

ADDRESS BY ALFRED NEwroN, F.R.S,, F.L.S., V.P.Z.S,,
PROFESSOR OF Z0OOLOGY AND COMPARATIVE ANATOMY IN
THE UNIVERSITY OF CAMBRIDGE, VICE-PRESIDENT.

ANY one in the position of chairman of this Department must
feel that his difﬁcu{ty lies in choosing rather than in seeking a
subject whereon to address an audience like that which is bcﬁ)rc
me, This difﬁcultﬂ arises from the astounding abundance of
interesting topics which are presented by the studies of botany
and zoology—or of the latter alone, I may say, since it would
ill become me to attempt the treatment of any which belong to
the sister science. But it is of course incumbent upon me to
touch upon the chief events of the past year which affect this
Department ; and it seems possible that in so doing we may find
some considerations naturally proceeding from them to be worthy
of your notice during the short time that I shall presume to
occupy your attention, and also to present enough general interest
to justify my enlarging upon the themes which they inspire.

These chief events appear to me to be two in number. It is
my first and pleasing duty to congratulate the naturalists here
assembled on the successful termination of that expedition in
which we have all taken so great an interest, as, during its pro-
gress, tidings of it have reached us from one distant land after
another, and especially (as your mouth-piece) heartily to welcome
home all now present who were on board the good ship Clal-
lenger in her circumnavigation of the globe. I would that your
spokesman on this occasion had been one who was better able
to appreciate their labours and enter into details as to the value
of their discoveries and researches, Unfortunately I am under
the great disadvantage of being so imperfectly acquainted with
the mysteries of the ocean, that it is only possible for me to
speak in the most general terms of what has been done. I feel
sure, however, that, so far as the great secrets of the sea can yet
be interpreted and revealed by men, they will be by those who
have happily returned to us, Sir Charles Wyville Thomson and
his colleagues. There is one of their company we kunow they
have not brought back ; and it is fitting for us to lower the tone
of our exultation while we remember the name of von Willemoes-
Suhm. With this single sad exception there is, however, nothing,
so far as I know, to occasion regret ; and the various memoirs
that have been already published by members of the expedition
give a foretaste of what we may expect when the who{; of its
results are made known. I am informed that the rich collections
made during the voyage are at present lodged in the University
of Edinburgh, and are in process of revision and rough arrange-
ment under the superintendence of the Director of the Scientific
Staff of the late expedition, They include the products of
dredging or trawling and surface-collectinF at about 3 d;o stations,
and at depths varying from 100 to 4,500 fathoms, and consist of
a prodigious number of specimens belonging to most of the

oups of marine Znwvertebrata, especially of Sponges and Echino-
irms, which prependerate at the greatest depths. It is, I
believe, intended to obtain the assistance of special experts in
working out the different groups ; and I am sure this meeting
will hear with pleasure that the /ydrozoa are to be intrusted to
Prof. Allman, and the Polysoa to Mr. Busk., It is understood
that Her Majesty’s Treasury will charge itself with the cost of
publishing the treatises of these and the other enfinent naturalists
to be employed ; and thus it is hoped that a series of volumes
will be produced worthy of the magnitude of the subject, and fit
for the first rank among the works of zoologists in this or any
other country. I nced scarcely add that the wishes of all here
will be for the due carrying out of this grand scheme ; and, re-
membering how often similar ambitious undertakings by our
scientific men in combination with our Government iave been
baulked by untoward circumstances, we cannot but express the
sincere hope that former failures will serve as useful warnings to
ensure future success, I regret extremely my inability to say
more on this subject,

1 tru:;i'ou will not think me to underrate the importance
of the safe and prosFerous return of the Challenger from her
voyage, when, though naming it first, I ascribe to it the second
place in the events of the past year as regards the progress of
zoological investigation. Other scientific expeditions Eave before
now left these shores and the shores of other countries, and have
more or less fully attained their purpose while other expeditions
will doubtless in due time be organiszd and carried out with, we
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trust, like happy results. The voyage of the Clallenger, though
a highly important, and, in many respects, a novel one, is not-
withstanding only a unit in a long series which began a century
ago, and has been continued at intervals to our own day ; nay,
more, since the sailing of the Challenger we have witnessed the
departure of another and larger expedition for the accomplish-
ment of a still more arduous undertaking, But what I have now
to speak of is a matter that will, if I am not mistaken, in after
ages characterise the present year as an epoch in the history of
our sciences inferior only in importance to that which marked
some eighteen or nineteen years ago the promulgation of a
reasonable Theory of Evolution by Mr, Darwin and Mr,
Wallace. And while it is to the latter of these two naturalists
that we owe the boon that has recently been conferred on us, it
is unquestionably from the former labours of both—united yet
distinct—that the boon acquires its greatest value. ~Without
those far higher, far wider views which the Theory of Evolution
enables us to take, the serried array of facts that bristle through-
out the two volumes of the *‘Geographical Distribution of
Animals” * which Mr. Wallace has just published, would have
been but a comparatively meaningless aggregation of statements
—the evidence no doubt of labour almost ungurpassed, the accu-
mulation of much that is curious and of much that is suggestive,
but, taken all in all, as serving to an unintelligible or insignificant
end, if to any end whatever that was not misleading,

As the case is, the result is very different. But I would ask
you now, Without the aid afforded by the “Doctrine of Descent,”
would it have been possible to draw, as Mr. Wallace has so
skilfully drawn, those legitimate conclusions from a consideration
of the animal life of rIu.va (vol. i. pp. 352, 353), or to arrive at
those marvellous results with respect to the past history of Borneo
(vol. i. pp. 358, 359), or even to indulge in those daring specula-
tions with regard to the origin of the Celebesian fauna (vol. i,
pp. 436-438)? I cite these instances because they are taken
from that part of the world on which the author’s labours have
before shed so much light, and with which his name is imperish-
ably associated ; but there is hardly any one of his summaries
that does not place before us material for reflection as astounding.

While, however, assigning to the theory of evolution the chief
glory in giving a real and ]nstin% value to the interpretation of
the facts of animal distribution, I must not omit acknowledging
the share which physical geography has contributed to that end,
especially by its marine surveys, which furnish the zoologist with
data as to the depths of seas and oceans, and thereby enable
him to judge as to the former extent of land, It is therefore to
be expected that voyages like that of the Crhallenger, when their
results have been fully worked out, will still further add to our
knowledge in this respect.  Again, too, geology (but this follows
almost as a matter of course) has in its own line played an equal
part, I would that botany could be mentioned in this connec-
tion, but here it seems as if the eldest of the biological sciences
were not, as she usually is, in advance of the rest; and Mr.
Wallace’s suggestion (vol, ii. p. 162), that zoology furnishes a
key wherewith many of the difficulties besetting the study of the
distribution of plants may be unlocked, will doubtless meet with
due attention from botanists,

Of the care and labour which the author of this work has
bestowed upon it, no one here I venture to think, has a better
right to speak than myself, because it is not very long ago that
I attempted a dissertation on the geographical distribution of a
single class of animals,® Though it was the class with which I
am most familiar, and though in my attempt I had the invalu-
able assistance of Mr, Wallace’s manuscript at my side, which
cleared my way through many obstacles, still I found the task
one of enormous difficulty, and one which I at times almost
repented that I had undertaken ; yet Mr, Wallace has treated
not of birds only, as I did, but of mammals, amphibians, reptiles,

* and freshwater fishes—to say nothing of the most telling families
of two orders of insects, with the molluscs so far as they were
available for his purpose, There isnothing that in turning over
the pages of these volumes so much strikes one as the energy
they evince on the part of their author, Those who have been
most accustomed to the literature of zoology must admit that
there is scarcely any book with which ‘‘ The Geographical Dis-
tribution of Animals” may not, in respect of hard and honest

1 “The Geographical Distribution of Animals, with a Study of the Rela-
tions of Living and Extinct Faunas as Elucidating the Past Changes of the
Earth's Surface.” By Alfred Russel Wallace, Author of “The Malay
Archipelago,” &c. 8vo, two vols, London, 1876, Bl gl g

4 Geographical Distribution of Birds in *‘Encyclopedia Britannica,"”
Ed. g, vol, 1ii,, pp. 736-764.

work, be advantageously compared, Tt deserves to bear good
fruit ; and I am greatly mistaken if it will not do fo. From an
educational point of view, it can hardly fail to be of the greatest
service, Attractive as is the subject to those that know it and see
its bearings, the learner has hitherto been repelled from its con-
sideration by the want of any work of general compass which
would guide his studies, while even few of those treatises which
have a particular scope were of much use to him. Mr, Wallace
has now placed one in his hands; and the result we need not
try to anticipate. One thing, however, is clear—the distribu-
tion of animals can no longer be neglected as a secondary or un-
important part of zoology. Tt only remains for me to add,
while thus attempting to set forth the general merits of this
learned work, that I by no means pin my faith to all the author’s
details, or to all his conclusions, Most of the latter may indeed
be justified by the present imperfect state of our knowledge ;
but it does not follow that they will eventually meet with common
acceptance. I must particularly call your attention to the
admirably cautious words in which he takes leave of his readers
—words that prove him to be thoroughly imbued with the
right spirit of a true worker in a progressive branch of study.
Mr, Wallace says :—

““The preceding remarks are all I now venture to offer on the
distinguishing features of the various groups of land-animals as
regards their distribution and migrations, They are at best but
indications of the various lines of research opened up to us by
the study of animals from the geographical point of view, and by
looking upon their range in space and time as an important
portion o} the earth’s history. . . . Till every well-marked
district—every archipelago, and every important island, has all
its known species of the more important groups of animals cata-
logued on a uniform plan, and with a uniform nomenclature, a
thoroughly satisfactory account of the geographical distribution of
animals will not be possible,”

And then he goes on to point out that more than this is
wanted :— :

““Many of the most curious relations between animal forms
and their habitats, are entirely unnoticed, owing to the produc-
tions of the same locality »zever being associated in our museums
and collections, A few such relations have been brought to
light by modern scientific travellers ; but many more remain to
be discovered, and there is probably no fresher or more produc-
tive field still unexplored in nnlumf’history.”

These coincident variations, he concludes by saying, ‘‘ have
never been systematically investigated. They constitute an un-
worked mine of wealth for the enterprising explorer ; and they
may not improbably lead to the discovery of some of the hidden
laws (supplementary to natural selection) which seem to be re-
quired in order to account for many of the external character-
istics of animals” (vol. ii. pp. 552, 553).

And now to follow out tge idea with which I began. Having
touched on the two chief zoological events of the year, let us see
if they do not suggest something that will not be beneath your
consideration for the remainder of this address. I have spoken
of the certainty of the expedition from which we now welcome
our friends being succeeded by others of similar character. We
shall hardly be indulging any vain imagination if we ask our-
selves what we may look forward to as regards their reports ;
and to one point we may perhaps usefully apply ourselves.

What if a future Challenger shall report of some island, now
known to possess a rich and varied animal population, that its
present fauna has disappeared ? that its only mammals were feral
pige, goats, rats, and rabbits—with an infusion of ferrets, intro.
duced by a zealous ‘‘acclimatizer ” to check the superabundance
of the rodents last-named, but contenting themselves with the
colonists’ chickens? that sparrows and starlings, brought from
Europe, were its only land-birds, that the former had propa-
gated to such an extent that the cultivation of cereals had ceased
to pay—the prohibition of bird-keeping boys by the local school-
board contributing to the same effect—and that the latter (the
starlings) having put an end to the indigenous insectivorous birds
by consuming their food, had turned their attention to the
settlers’ orchards, so that a crop of fruit was only to be looked
for about once in five years—wﬁen the great periodical cyclones
had reduced the number of the depredators? that the goats had
destroyed one half of the original flora, and the rabbits the rest ?
that the pigs devastated the potato-gardens, and yam-grounds?
This is no fanciful picture, I pretend not to the gift of prophecy ;
that is a faculty alien to the scientific mind ; but if we may
reason from the known to the unknown, from what has been and
from what is to what will be, I cannot entertain a doubt that
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these things are coming to pass ; for T am sure there are places
where what is very like them has already happened,

You may ask why this is so? why do these lands so speedily
succumb to the strangers from beyond sea? One part of the
answer is ready to hand with those who have learned one of the
first principles of biology which our great master, Mr. Darwin,
has laid down for us, The weaker, the more generalised forms
of life must always make way for the stronger and more special-
ised, Theother part of the answer is supplied by Mr, Wallace ;
for no one can lave studied his volumes to much purpose with-
out_perceiving that the inhabitants of oceanic islands and of the
southern hemisphere —the great Australian Region especially,
and South America not much less, are the direct and compara-
tively speaking litlle-chanfed descendants of an older, a more
generalised and a weaker fauna than are the present inhabitants
of this quarter of the globe, which have Leen, so to speak, ela-
borated by nature and turned out as the latest and most perfect
samples of her handiwork.

Set face to face with unlooked-for invaders, and forced into a
contest with them from which there is no retreat, it is not in the
Jeast surprising that the natives should succumb. They have
hitherto only had to struggle for existence with creatures of a
like organisation ; and the issue of the conflict which has been

roing on for ages is that, adapted to the conditions under which
they find themselves, they maintain their footing on grounds of
equality among one another, and so for centuries they may have
‘“kept the noiseless tenor of their way.” Suddenly man inter-
feres and lets loose upon them an entirely new race of animals,
which act and react in a thousand different fashions on their cir-
cumstances, It is not necessary that the new comers should be
predacious ; they may be so far void of offence as to abstain
from assaulting the atoriginal population ; but they occupy the
same haunts and consume the same food, = The fruits, the herb-
age, and other supplies that sufficed to support the ancient fauna
now have to furnish forage for the invaders as well. Their
effects on the flora there is no need for me to trace, since Dr.
Hooker expressly made them one of the themes of that discourse
to which many of us listened with rapt attention a few years
since at this Association, But the consequences of the invasion
to the native fauna have never been so fully made known, The
new comers are creatures whose organisation has been prepared
by and for combat throughout generations innumerable, Their
ancestors have been elevated in the scale of being by the dis-
cipline of strife, Their descendants inherit the developed quali-
ties that enabled those ancestors to win a hard-fought existence
when the animals around them were no higher in grade than
those among which the descendants are now thrown. Can we
doubt that the victory inclines to the heirs of the ancient con-
querors? The struggle is like one between an army of veterans
and a pogulation unused to warfare, It is that of Spaniards
with matchlocks and coats of mail against Aztecs with feather
cloaks and bows and arrows, AMala salus victis, A few years,
and the majority of native species are exterminated. *But this is
nﬁ)t the worst. The species which perish most quickly are just
those that naturalists would most wish to preserye; for they
are those peculiar and endemic forms that in structure and con-
stitution represent the ancient state of things upon the earth,
and supply us with some of the most instructive evidence as to
the order of nature,

With the progress of civilisation it is plain that there will soon
be hardly a land but will bear the standard of a European
nation or of a community of European descent, and, as things
are going on, be overrun by their imports. If this were in-
evitable, it would be useless to complain, But is it inevitable ?
Is it not obyious that most of this extermination is being carried
on unwittingly, and may not some of it be avoided by proper
precautions ? If so, should not men of science make a stand,
and interest the ignorant or careless in the importance of the
subject? I cannot divest myself of the belief that the course of
the next century will see the extirpation, not only of most of the
peculiar faunas I had in view a few minutes ago, but of a great
multitude of other species of animals throughout all parts of
the world,  The regret with which I regard such extirpation is
not merely a matter of sentiment.  Here sentiment and science
are for once on the same side, A heavy blow will be inflicted
on zoology by the disappearance of some of these marvellous
and peculiar forms, There is no one species of animal whose
structure and habits have been so completely investigated that
absence of the means of further examination would not be a
distingt deprivation to science ;; and as what Science has done is
only an earnest of what she will do, we cannot say that the time

shall ever come when the want of those means will not be
severely felt, Itis then for scientific men, and for naturalists
especially, to consider whether they are not bound, in the in-
terest of their successors, to interpose more than they have
hitherto given any sign of doing,

But outside this audience there are many who care little for
consequences like these, Such persons may, however, be im-
pressed by thinking that the indiscriminate destraction of animals
which, in one way or another, is now going on, must sooner or
later lead to the extirpation of many of those which minister to
our wants, whether of comfort or luxury, The fur-bearing
creatures will speedily, if they do not already, require some pro-
tection to be gcneml{y accorded to them ; and that such protecs
tion can be effectually given is evident if we take the trouble of
inquiring as to the steps taken by the Russian local authorities
in Alaska, and now, I believe, continued by those of the United
States, for limiting the slaughter of the sea-otter and the fur-
seals of the adjacent islands to particular seasons. No one can
suppose that, even with the assistance we get from Siberia, our
supply of ivory will continue what it now is when the interior
of Adirica is pacified and settled, as we can hardly doubt that it
one day will be; and, unless we can find some substitute for
that useful substance before that day comes, it would be only
prudent to do something to check the wasteful destruction of
elephants, Many people may think that the continent of Africa
is too vast, and its animal life too luxuriant, for the efforts of
man materially to affect it, If we inquire, however, we shall
find that this is not the case, and that there is an enormous tract
of country, extending far beyond our colonies and the territories
of the neighbouring republics, from which most of the larger
mammals have already disappeared. There is good reason to
believe that at least one species has become extinct within the
last five-and-twenty years or thereabouts ; and though I do not
mean to say that this species, the true zebra, had any economic
value, yetits fate is an indication of what will befall its fellows ;
while to the zoologist its extirpation is a matter of moment,
being probably the first case of the total extinction of a large
terrestrial mammal since the remote days when the Megaceros
hibernicus disappeared, ;

Time would fail me if I attempted to go into particulars with
regard to the marine Mammalia. It is notorious that various
members of the orders Sirewia, Cetacea, and Pinnipedia, have
recently dwindled in numbers or altogether vanished from the
earth, - The manatee and dugong have been recklessly killed off
from hundreds of localities where but a century or so since they
abounded ; and with them the stores of valuable oil that they
furnished bave been lost. That very remarkable Sirenian, the
huge RZytina gigas has become utterly extinct. The greed of
whalers is believed to have had the same effect on a Cetacean
(the ZPalana biscayensis) which was once the cause of a flourish-
ing industry on the coasts of France and Spain, The same
greed has almost exterminated the right-whale of the northern
seas, and is fast accomplishing the same end in the case of seals
all over the world. ou are brobnblg aware that an Act of
Parliament, passed in the session of 1875, was intended to put
some check upon, those bloody massacres that annually take
place on the floating ice of the North Atlantic, to which these
creatures resort at the time of bringing forth their young, when

‘“ Sires, mothers, children in one carnage lie.”

But, whether through official indifference, or what, I know not,
the treaties with foreign nations authorised by that Act were
not completed ; and last spring, at the solicitation of certain
Aberdeen or Peterhead shipowners, the Board of Trade allowed
““one year more” of wholesale slaughter, Whatever other
nations might like to do, our hands at least should have been
unstained, It is admitted that in certain manufactures—that of
jute, for instance—animal oil is absolutely necessary, 1Itis easy
to see that before long there will be very little animal oil forth-
coming.

There is another class of animals with whose well-being the
interests of man are largely connected. It cannot be denied
that our fisheries are year by year subjected to an ever-increasing
strain, through the rapidly increasing population of these islands,
and are giving unmistakable signs of being unable to bear it,
But it must be admitted that the consideration of their case is
fraught with unusual difficulties. Commissions, either Royal or
Parhiamentary, have been appointed one after another to inquire
into the facts and to seek a remedy, if one is to be found, for
the falling off. Tt is with great diffidence that I venture to pass
any criticism on the recommendations made by those Commis-
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sions, and especially on such as were contained in the Report of
a Commission the constitution of which was such as to inspire
the greatest respect, since men so eminent as Prof. Huxley and
Mr. Holdsworth were named in it. That Commission reported
in effect that there was nothing to be done with our sea-fisheries
but to leave things alone, I do not profess to quote the words
of the Report (which, indeed, I have not seen for a long time) ;
but in substance, I believe, it amounted to this :—7That the
natural enemies to which fishes were exposed were so multitudi-
nous, so crafty, and so rapacious, that t{:cir destruction by man
was very slight in comparison, and that his interlerence might
be safely neglected in considering its consequences,  Now it has
always seemed to me that the Commissioners on this occasion
sufferced themselves to be deceived. Well aware of how little is
known as to the indirect effects of man’s acts in regard to the
lower animals, and in their fear lest any unforeseen bad results
should follow from measures intended to be remedial, they re.
commended none at all. But I fail to discern that land or sea
makes any essential difference in the laws of life. The balance
of nature must be preserved as steadily in a dense as in a rare
fluid —in water as in air—or all will not go well. Whatever be
the weight in either scale, equipoise is as easily destroyed by an
ounce as by a ton. The marine fishes that are of such com-
mercial importance (cod, herrings, and the like) have naturally,
no doubt, enemies innumerable—dogfish, cormorants, porpoises,
and what not ; but we know that, owing to their fertility and
habits, the cod and herrings have continued till lately to contend
successfully with these drawbacks and to maintain their numbers,
It matters not if only one egg of the 10,000, or whatever be the
number in the roe of a herring, produces a fish that arrives at
maturity and escapes its natural enemies, so long as that one
fish is sufficient to supply the place of its parent. Now this,
according to the arrangement of nature, has hitherto been the
case, But if; instead of that fish living to propagate its kind, it
is cut off before its time by an enemy against whom nature has
made no provision, her balance is at once destroyed ; and the
oftener the operation is repeated the sooner will the numbers of
the species dwindle ; and the dwindling will go on in a rapidly
accelerated ratio, Therefore it seems that, so far from leaving
our sea-fisheries unrestricted, it is highly necessary to impose
some limitation upon them ; and, so far from dreading inter-
ference, our interference is at present so fatal that further inter-
ference of another kind is required as a counterbalance ; while
that counterbalance science only can apply.

As much may be said for those other industrigs, in common
speech also called ¢ fisheries ”—the taking of oysters, crabs, and
lobsters, all of which have lately been diminishing in a still more
alarming degree. IHere Parliament has wisely resolved to
interpose, though whether the manner of interposition is wise
seems to be a matter on which, as few naturalists have been con-
sulted, we had better reserve our opinion,

Thus, without troubling you with many technical details, T
have striven to lay before you a sketch of man’s treatment of some
of his fellow:creatures, and of the effects which have sprung, or
certainly will spring, from it. There is probably hardly an
island on which he gas set foot the fauna and flora of which has
not been in some degree influenced by his even temporary
presence ; there is assuredly not a continent, though a continent
takes longer to subdue: and his control does not stop at the
shore ; for, if what I have been advancing is true, the inhabitants
of the deep come also more or less under his dominion, I invite
you to contemplate whether it is always, or even generally, that of
a beneficent ruler, But it will, doubtless, be urged that this kind
of thing has gone on for ages—ever since life first existed on the
earth, I may be told, in the words of the great poet of the
country in which we now find ourselves—

“ Look abroad through Nature's range,
Nature's mighty law is change ;
- » » * ) * "

Why then ask of silly man, ;
To oppose great Nature's plant"
1 would answer from the same source that
“ ——man, to whom alone is giv'n
A ray direct from pitying Heav'n,
should by means of that ray not oppose nature, but rather
second her preservative measures, That ray is the ray of science.
We can only govcm nature by obeying her, only by obeying her
can we assist her, To obey her laws we must know them ; what
can we know of them but what science teaches us?
It may be said that 1 have taken too gloomy a view of this
matter of the extirpation of animals by man, I wish I could

think so. But I believe that if we go to work in the right way
there is yet time to save many an otherwise expiring species. In
this country there is happily a strong disposition, which grows
stronger day b{ day, to preserve our wild animals, It is ver;
desirable that this feeling should not be limited to the Britis
Islands,, If it is, as I, maintain, a right feeling—a feeling sanc-
tioned alike by humanity, by science, and by our own material
interests—it cannot be too widely disseminated, But its propa-
gation must not be left to humanitarians and sentimentalists,
whose efforts are sure to be brought to nothing through ignorance
and excess of zeal, nor to economists, whose endeavours would
unquestionably fall short of what is required.  The officiousness
of the one class and the slackness of the other must equally
tempered by the naturalist. He can be trusted not to interfere
with the use, but with the abuse, of the animal world, Only to
do this he must place himself in the forefront of the movement ;
for he can submit to no other leader. He alone has, or should
have, that knowledge which gives the power of coping success-
fully with the difficult questions that will arise ; and the advan-
tage it gives him he must not abstain from exercising. If,
without offence, I might here paraphrase some venerable words,
I would say that, according to the greatness of this power, we
must preserve those that are otherwise appointed to die,

THE NORWEGIAN ATLANTIC EXPEDITION

N continuation ot my last notice, I may say that the Expedi-
tion stayed at Reikiavik from July 26 to Aug. 3. While
Capt. Wille made magnetical observations on shore, the majority
of the members of the expedition made a tour to Thingvalla,
where they had the pleasure of falling in with an Englishman
coming from the north and bound for the Geysers; we had a
very happy evening together, The remarkable geological struc-
ture of the country attracted much interest. The excursion party
returned July 30. Stormy weather prevailed during the whole
stay at Reikiavik, so that the coaling was much delayed, and
no magnetical observations could be made on shore. A small
leak in the boiler took up most of the last day to set it right,
and at last we got away on the evening of the 3rd, The season
was now so far gone that we were obliged to give up the idea of
exploring the sea between Iceland and Greenland, and we shaped
our course south of Iceland again, and then towards N.E.,
running out a line of soundings which showed the transition from
the warmer Atlantic water at the bottom, to the ice-cold Arctic
water east of Iceland, During a dredging on the bank, between
Iceland and Firde, on a bard, probably volcanic, bottom, the
line got fast on a rock, and it became necessary to break it ; we
thus lost a dredge and some hundred fathoms of dredging line.
From a point east of ITceland, the course was laid for Namsos,
and several deep sea stations were well explored on this line,
The depth at first increased from 1,000 fathoms to 1,500, and at
last to 1,800, the last being midway between Norway and
Iceland in lat. 64° 65'. The more easterly soundings gave a less
depth, the last of them being only 650 fathoms, The tempera-
ture at the bottom was always under 32°; at 1,800 fathoms it
was 20°, corrected for the error of the thermometer, and for that
caused by pressure, The layer with 32° was found in about 200
fathoms east of Iceland, and in 300 or 400 fathoms further east.
It seems that the Fiirbe bank prevents the warm Atlantic water
from filling up the upper ln{len of the northern seas to such a depth
on the north-east side of these islands, as it does in the interval
between this region and the cold sea east of Iceland, The nearer
Norway the warmer is the upper layer of the sea, not only on
the surface, but at the depths of 100 and 200 fathoms,

The fauna of the Arctic deep sea seems to be very constant,
while it is not very rich ; the same specimens have been found
farther south in ice-cold water, but none of the large forms
found in ice-cold water near the coasts (were met with by us %),
The bottom consists of mud, with innumerable specks of small
round calcareous shells,

During the last cruise, the weather was constantly bad ; never-
theless, 1t has been possible to work the deep-sea apparatus even
in gales, and with a sea in which the ship went bowsprit under.
This result has been attained after successive experiments,  The
last working day the dredge and trawl were sent out together,
the latter dekind the former. The weather was stormy, the sea
very high, but the experiment was made, and the dredge came
well on board, After this result, we can now see no objection
to working all the deep-sea apparatus in any kind of summer

* Continued from p. 338,
# Probable omission in original,
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weather when the depth does not exceed 600 or 700 fathoms,
Unhappily, in bad weather, the zoologists cannot study the
specimens found in a living state, the motion of the ship killing
t*\e animals very soon. The Expedition arrived at Namsos
August 14, the scientific staff and the crew being much exhausted
by the perpetual bad weather. At Namsos we stayed till the
20th to rest. Meanwhile magnetical observations were made
on shore, On board, the bad weather entirely prohibited our
making any,

After leaving Namsos, series of soundings every four miles
(nautical) were taken from the Folden-fjord, and due west.
First we found a hollow 200 fathoms decr, with a constant
temperature of 7° C., then a sliﬁhlly inclined ridge, whose
highest point shoaled up to 56 fathoms, then came an incline
down to 120 to 150 fathoms, and after that a flat bottom at the
last-named depth, Over this flat the temperature was constantl

o C, At last, about 11 o’clock on Momray the 21st, the dept
ncreased, the temperature decreased, and we found ice-cold
water in somewhat more than 300 fathoms depth. This was
100 nautical miles off the nearest coast and not very far from our
last deep-sea station, where the depth was 580 fathoms, tempe-
rature —1°'3.  Such an extent of the Norwegian banks at this
place was not expected, but is very interesting, It now seems
probable that the boundary line of the ice-cold water runs from
a po'nt 100 miles off the coast at Namsos up to Spitzbergen,
outside the Lofoden Islands, and this breadth of the bank ex-
plains the mild winter climate which Northern Norway enjoys.
As a series of soundings and temperatures showed the next day
in a line direct from west to east in the latitude of the mouth of
the Trondhjem-fjord, the boundary of the bank and of the ice-
cold water goes here and off Romsdal much nearer to the coast.
The water was at 0° C. in 345 fathoms, and at the bottom
— 1°1 C, in 480 fathoms depth, On the bank inside there was
a temperature of 73 on the bottom at 170 fathoms depth. On
the morning of the 23rd the Voringen was outside the coast of
Romsdal, and In foggy weather got very near the dangerous
coast. Happily the fog lifted and a pilot came on board, who
took the ship into Molde. The next day the expedition was
sounding, trawling—with no result—and taking serial tempera-
tures in the Romsdal-fjord. The result was the same temperature
in the depth of the fjord as in the other deep fjords on the west
coast of Norway, viz, 6°2. In the evening the expedition
arrived at Aalesund, where the ship in a. very strong gale was
nearly driven ashore in the harbour. Happily the wind abated
and the chains held, so that the voyage could be continued the
next morning,

On Saturday, August 26, the expedition returned to Bergen,
where the ship will be paid off. The members of the expedition
are all very well and look with much interest to the time when
they can commence to discuss their observations which, in spite
of the bad weather generally experienced this summer during the
cruise, are numerous and interesting,

NOTES

Tue Prussian Government has sent the following gentlemen
to ¢xamine thorovghly the special Loan Collection of Scientific
Apparatus, and to report on the objects exhibited :—Irom the
Ministry of Commerce—Professors-Doctors Landolr, Aix.la-
Chapelle; Krant, Hanover; Liebermanr, Berlin; Wiillner,
Aix-la Chapelle ; von Quintus-Tcilius, Hanover ; Gerland,
Cassel ;3 Taalzow, Berlin; Helmert, Aix-la-Chapelle; Stahl,
Aix-la-Chapelle ; Dorgens, Berlin, From the Ministry of Edu.
cation—Professors-Doctors Cronecker, Leipzig; Abbe, Jena;
Iensen, Kiel ; Karsten, Kiel ; Herr Appuun, Hanau; Pro.
essors Doctors Kundt, Strasburg; Listing, Gottingen ; Cohn,
Breslau ; Lassaulx, Breslau ; Bruns, Berlin ; Lowenhorz, Berlin,
From the Ministry of Agriculture—Dr. Scheibler, Berlin,

TiE annual meeting of the Ray Society was held in Glasgow
on Friday under the presidency of Prof, Youug. The secretary,
Rev. T. Wiltshire, submitted the report of the council, in which
they congratulate the members upon the progress of the Society,
With regard to the issue of the volumes, some unexpected delays,
chiefly aue to the lengthened period requisite for the careful
colouring of the plates, have hindered the appearance of the work

for the year 1875. As, however, all the plates are at the present
moment coloured, and most of the text in type, itis certain that
the book will be published within a brief period. Originally it
was proposed that the volume for 1875 should comprise a de-
scription by Mr, G. B. Buckton of the whole of the British
Aphides. The plan suggested at the commencement has, from
the exigencies of the case, been somewhat defeated ; the re«
searches of Mr, Buckton have brought to light so many new
species that it seems probable that the Monograph will require
at least two, if not three, volumes of text and plates. The first
of these, containing forty coloured plates and the necessary intro-
duction, will form the publication for the year 1875. The suc-
ceeding parts are now being proceeded with, and will be ready
as soon as an opporlunity offers for their issue. Since last
annual meeting Prof. Huxley had offered to prepare an introduc-
tion to the MS, of the Tunicata left by the late Mr. Hancock,
and Mr. Cameron had proposed a monograph on the British
Tenthredinidee, These have been accepted, and will be com-
menced with all possible speed. On account of the changing
location of the British Association, the Council propose that for
the future the annual meetings be held in London within
three months of Lady-day. It was recommended that the fol-
lowing names be added to the Council :—Prof, Bentley, Sir A.
Brady, Dr. Gwyn Jeffreys, and Mr. Hudson. The statement of
accounts showed that there was a balance in favour of the Society
of £156 185 114, On the motion of Prof. Balfour, the report
was adopted. Votes of thanks were subsequently passed to the
retiring members of Council and to Prof. Young for presiding,
and the meeting separated,

A GENERAL meeting of the Mineralogical Society of Great
Britain and Ireland was held in the Natural History Class Room
of the Glasgow University on Wednesday, Sept. 6. The chair
was taken by Prof. M. Forster Heddle, M. D., in the absence of
the president, Mr, H. C, Sorby, and there was a large attend-
ance. The chairman delivered an address on *‘ Scotch Minerals,
how and where to find them.” This was followed by the read.
ing of a paper by the president ‘“ On the Critical Point in the
Consolidation of Granite.” Prof, Haughton, of Trinity College,
Dublin, then followed with an address on g new principle in the
consolidation of porphyritic rocks, which he proposed to call
‘“ the principle of least paste.” Some discussion of this principle
and of Mr, Sorby’s paper then took place, in which Prof, Hark-
ness and Dr, Bryce joined, The following papers were after-
wards read :—** On a Mineral from New South Wales, presumed
to be Laumontite,” by Prof. A. Liversidge ; ‘ Notes on an Old
Catalogue of Minerals,” by Prof. A. I. Church; *“ On the
Occurrence of Achroite at Rock Hill, in the Parish of St,
Austell, Cornwall, and on the Black Tourmaline of the same
Locality,” by J. II. Collins,

THE Oriental Congress, which met at St. Petersburg during
the first ten days of the present month has been doing much
good work in its own department. Many papers have been
read, most of them connected with Russian, or at least Asiatic
Russian, ethnology and archaology. The members of the
Congress have been heartily welcomed and well treated at the
Russian capital, and among those who have enrolled themselves
members is the ubiquitons Emperor of Brazil. Among the
papers read was an important one on the ‘‘ Caucasian Race,” by
Prof. Gregorief, in which he pointed out the accidental origin
and the unsuitability of the term, and endeavoured to trace
the origin and migrations of the race indicated, IHe showed
that even at the present day many Aryans are to be found
in Central Asla, Mr. Berger made a communication on
many of the ethnographical objects belonging to the Cau-
casian Department of the Congress’s Exhibition. Another
paper on the Aryan Race was by the Rev. Mr. Long, of
Calcutta, and Prof, Oppert remarked on the Asiatic tongues
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incapable of being referred to either the Aryan or Semitic
families, but which are found in the Arrow-headed texts, These
languages he styled Susi-Medic, which, he said, were spoken in
Iran and Khusistan centuries before the Persians bore rule in
these countries. A series of questions was discussed relative
to Central Asia, proposed by the Organising Committee in a
general list of problems issued before the opening of the Con.
gress. One of these was, ‘‘Was there a Mongol Tribe or
People before Genghis Khan? or is the name Mongol nothing
more than a dynastic one adopted by Genghis to denote the
Empire which he founded?” The loose use of the term
“Turanian” was much criticised, The Russian Government
has given the Congress a hearty welcome.

ON Tuesday the Geographical Congress, convened by the
King of the Belgians, met in the Palace, at Brussels, under the
presidency of his Majesty, The King said that in calling the
Congress he had no ambitious aims in view, but that his sole
object was to accelerate the introduction of civilisation into
Africa, He afterwards dwelt upon the necessity of establishing
hospices and scientific stations on the confines of the unexplored
territories there, and the formation of an international committee
to carry out the work. Nachtigall, Schweinfurth, Rohlfs,
Grant, and Cameron gave a brief »4wumé of their travels ; Negri
also spoke. The Congress, on the King’s proposition, then
divided into sections by nations. The English met at four with
the French, and recommended a station from which the Lakes
could be reached, Admiral de la Ronciére le Noury and M,
Mounoir are present as representatives of France, and Sir Bartle
Frere, Sir John Kennaway, Commander Cameron, Sir Henry
Rawlinson, Sir Rutherford Alcock, Sir Harry Verney, and
others represent Great Britain, The convening of this Congress
is highly creditable to King Leopold, and may be regarded as
significant of his zeal for science and the spread of civilisation.
This kind of work, like mercy, of which, indeed, in the highest
and truest sense, it is but an outcome, *‘becomes the throned
monarch better than his crown.”

WE notice with pleasure the appearance of the first number of
the Zulletin of the newly-founded Zoological Society of France,
which came into existence this summer. The present number of
the Bulletin contains six papers, the first being by the president
of the Society, M. Jules Vian, treating of the Phaleris psittacula
in Sweden, and of the occurrence in France of the small Puffin
(Mormon grabe of Brehm), to which the author is inclined to
grant specific rank. Of the Zkaleris a description and figure of
the skeleton is given, The second paper is by M, E. Simon,
and describes two new species of spiders from the Congo. The
third contribution is by Dr. Jousseaume, on the * Faune Mala-
cologique des Environs de Paris.” Mr, Bowdler Sharpe, of the
British Museum, in conjunction with M. A. Bouvier, next de-
scribes a collection of birds sent from the Congo district by M.
Petit. A new swallow, Psalidoprocne Petiti, is figured (PL 11,),
but perhaps the less said about this plate the better, as the
artist, M, Bevalet, appears unable to distinguish between the
chavacteristic habit of a swallow and a humming-bird, to the
drawing of which latter group he has been for some time devoted
in connection with M. Mulsant’s work on the Zyockilide. M. L,
Bureau communicates an abstract of his essay on the Booted
Eagle (Aguila pennata), which he had lately read before the
French Association for the Advancement of Science at Nantes ;
and lastly, Prof, Perrier gives an account of the star-fishes col-
lected in the Cape Verd Islands by M. Bouvier, We wish
every success to the Society, whose address is at present No, 55,
Quai des Grands Augustins, Paris,

THE death is announced, at the age of eighty-one years, of the
German naturalist, Christian Ehrenberg, doyen of the Professors
of the University of Berlin,  He was born in 1795, By the age

of thirty-two he had published numerous works, and ‘'was made
professor extraordinary of the University. In 1829 Humboldt
chose Ehrenberg to accompany him in his expedition to Siberia,
He was made titular professor in 1839. Ehrenberg has done
much to popularise the use of the microscope. His great
treatise on [the Infusoria, for which he collected the materials
during his journey with Humboldt and Gustav Rose, is well
known to naturalists.

Pror, HUXLEY, we learn from Zarper's Weekly of the oth
inst., made an auspicious start on his tour through the United
States. After a notable dinner given to him at New IHaven, by
Prof, Marsh, he departed with Governor Ingersoll, Prof, Marsh,
President Bishop of the New Haven Railroad, and a few friends,
in a palace-car for a trip through Canada and westward to the
Mississippi.  On his return, after visits to Prof. Agassiz and
Prof. Gray, of Harvard, he was on Tuesday to deliver an address
at the opening of the Johns Hopkins University at Baltimore, and
then betake himself to England again. ““ All this, of course, on
the basis that American citizens do not in the mean time kill the
Dritish savant with the beef, the birds, and the multitudinous
bibbles for which America is famous,”

WE are glad to see that the Yorkshire College of Science is
so far advanced and established as to publish a Calendar, a copy
of which has been sent us. It contains ample information as to
the classes, resources, aims, and work of the College, and, to
judge from the programmes of the various classes, a gteo.t
amount of valuable instruction must be given during the session,
We hope to see the Calendar enlarged each year, and the
number of professors and classes increased, until the College
becomes a great centre of liberal culture for Yorkshire. Any
one wishing to learn what is the present position of the College
should get this Calendar and the Prospectus of day and evening
classes for 1876-77.

THE arrangements for the South African International Ex-
hibition, to be opened at Cape Town in February next, are
making satisfactory progress. Everything intended for exhibition
must be shipped from London not later than the first week of
December, The European Commissioner is Mr, Edmund John-
son, 3, Castle Street, Holborn,

Wr have received a catalogue of the Industrial Exhibition
which is being held at Helsingfors. It contains 3,290 entries in
the various departments of industry rcpresented ; so far as
we can judge from the catalogue, the exhibition is highly credit«
able to the Finlanders.

Tue programme for the next French International Exhibition,
1878, has been published in the Journal Ofpiciel. The regu.
lations are subs tantially the same as in former exhibitions. . The
building is to be a long parallelogram, and will be divided into
rectangular stripes, two of these stripes being allotted to special
divisions, one for France, and the other for foreign countries.
Fine arts will enjoy the central stripe, and consequently be an
exception, Right and left will be placed the two stripes allotted
to scientific industries, under the name *“ Education, Teaching,
Methods and Materiel of Liberal Arts.” Amongst the principal
attractions of the Exhibition will rank a gigantic Giffard steam
captive balloon, It will measure 21,000 cubic metres, and
exceed by 10,000 the former captive ba]loon at Ashburnham
Park. The rope will weigh 20 pounds per yard, and the eleva-
tion will be 500 yards, The steam-engine will have 200 horse-
power ; thirty persons will ascend at once, and in calm weather,
100, The new captive balloon will require no circus for protec-
tion, and will stand in the midst of a large square fronting the
bridge in the central alley of the gardens. Meteorological ob-
servations with special instruments will be made during the
ascents for the instruction of excursionists, and recorded for the
benefit of science.
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MR. WYLD, of the Strand, has published a map which will be
found very useful by those who desire to understand, in all its
bearings, the significance of the present unhappy war which is
being waged in the Turkish dominions. The object of the map
is to show the distribution of the various peoples which inhabit
the Turkish provinces and dependencies, this object being effected
by the use of various shades of colour for the various families of
people—Sclaves, Walachians, Albanians, Turks, &c. It shows
in what a comparatively small minority are the real Turks, and
how important is the Sclavic element, though the Mahommedans
are spread more or less over all the provinces ; still they are in a
decided minority. The variety of colouring used is at first rather
puzzling, as it is difficult to make the shades sharply distinct, but
after a little careful examination a very satisfactory general idea
will be obtained of the ethnology of the Turkish dominions.

DR. MICHAEL FOSTER is preparing a Text-book of Physiology
for the use of Medical Students and others ; it will be published
in November by Messrs. Macmillan and Co.

MESSRS. MACMILLAN AND Co, have published as a shilling
pamphlet Dr, Richardson’s address, ‘ Hygeia, a City of Health,”
which he delivered last October at the Meeting of the Social
Science Association at Brighton,

Mg. W. F. HusBAND has been selected as secretary and regis-
trar to the Yorkshire College of Science, and secretary to the
Leeds Philosophical and Literary Society, Mr, L. C. Miall
retains the office of curator of the society’s museum, also holding
the professorship of biology at the college.

The Zimes Paris correspondent states that in digging the new
basin at St. Nazaire, animal remains, tools, weapons, and
utensils have been found in a sandy stratum six metres from the
surface, Last year a dolichocephalous skull was found near the
same spot, which Dr, Broca declared to belong to the age of
stone,

TuE Councll of the Paris Observatory has resolved to attempt
the manufacture of object-glasses by machinery, instead of by
hand, The mechanical cutting of flint and crown glass will be
executed by M. Lessautre, the well-known clock-maker, who
prepares the optical part of French lighthouses by machinery.

WE regret to see that the Italian African Expedition has been
so badly treated in its progress southwards, that Capt. Martini
has had to go to Rome, deputed by the Marquis Antinori, to
request assistance. Most of their baggage has been stolen or
destroyed, and every possible obstruction thrown in their way.

THE additions to the Zoological Gardens during the past week
include a Macaque Monkey (Macacus cynomolgus) from Mau-
ritius, presented by Dr, J. F. Blackley ; a Greater Black-backed
Gull (Zarus marinus) European, presented by Mr. W, J,
Stebbing ; two Common Barn Owls (S#ix flammea) European,
presented by Mr. Thomas May ; a Long-cared Owl (Ofus vul-
garis) European, presented by the Misses S, E, P, and A.
Warre ; two Salt-water Terrapins (Clemmys terrapin) from
Galveston, Texas, presented by Mr. J. R, Gillespy ; two Yellow-
billed Ducks (Anas xanthorhyncha) from S, Africa, two Plumed
Colins (Callipepla picta) from California, received in exchange ;
two Bronze-winged Pigeons (Phaps chalcoptera) bred in the
Gardens.

SOCIETIES AND ACADEMIES
PARIS

Academy of Sciences, Aug. 28.—Vice-Admiral Paris in the
chair,—The following papers were read :—Theorems relative to
couples of segments having a constant length, by M, Chasles,—
Sixth note on electrical transmissions through the ground, by M,
Du Moncel, Placing two zinc plates in two weﬁs 161 metres
apart, one in a farmyard, the other on the border of a wood, and
connecting them with wire and galvanometer, he got a stron
current, e next made a couple with the two waters, separat

by a porous vessel, and got a deflection of 80° the electrode in
the water from the farm well being positive. This water con-
tained some sulphuretted hydrogen and organic matter ; the
other was pure ; neither showed acid or alkaline properties. The
action was peculiar to zinc electrodes (at least as regards direction
of current). From other experiments he concludes that beyond
336 metres the resistance orposcd by the water of a river remains
nearly the same, whatever the distance of immersion of the plates ;
hence this resistance is probably indistinguishable from that of
the ground at a distance less than 336 metres. Under the best
conditions the resistance of the ground varies from 4 to § kilo-
metres of telegraphic wire, and i? wells or the like do not inter-
vene in the communications it may sometimes be enormous,—
On the periodic comet of d’Arrest, by M. Leveau, He gives an
ephemerides to enable astronomers to observe this small comet on
its return in 1877. (It was first observed in 185¢, and its period
is about 6} years,)—Letter from M, Wolf to M. Le Verrier.
M. Weber, at Peckeloh, on April 4 last, at 4.25 P.M., saw a
round spot on the sun, which was seen without spot on the
morning of that day, and also of the next day, at Peckeloh,
Zurich, and Athens, —Observations on the Planet 165 ; positions
of some variable stars, by Mr. Peters, — Stars near the pole star,
by M. de Bioe. Besides the known companion there are two
others much nearer and fainter. He observed them first in
1869 and has this year verified their existence. They are probably
subject to varying brightness and rapid movements round the prin«
cipal star ; and they are perhaps best seen with small objectives.
—On alcoholic and acetic fermentation of fruits, flowers, and
leaves of certain plants, by M. de Luca. Fruits, flowers, and
leaves in a limited atmosphere of carbonic acid, hydrogen, or air,
or in vacuum, undergo slow fermentation, liberating carbonic acid,
nitrogen, and sometimes hydrogen, and forming alcohol and
acetic acid, without intervention of any ferment. Inaclose vessel
the phenomena are incomplete, owing to pressure of the deve-
loped gas ; but, with ordinary pressure maintained, neither sugar
nor starch will be found after the development of gas has ceased ;
in their place are alcohol and acetic acid in abundance. The
hydrogen liberated is doubtless from decomposition of mannite,
which is a sugar with excess of hydrogen.—Influence of pine
forests on the quantity of rain which a country receives on the
hygrometric state of the air and on the state of the soil, by M,
Fautrat. Comparing the rain-fall for fourteen months on a pine
forest and a sandy plain 300 metres off, he finds a difference of
83 mm. in favour o? the former, or more than 10 per cent. of the
rain-fall on the open ground (the difference was only § per cent.
in the case of oaks and witch-elms)., The annual difference in
saturation was (in favour of the air above the pines) ten-
hundredths.  Of 757 mm. of water which fell, the forest ground
received 471 mm,—M. Faye, in presenting’' Nos. 39 and 40 of
Astronomische Mittheilungen, made reference to M. Wolf’s re-
searches on sun-spots ani terrestrial magnetism, The last mini-
mum was in 1867, and as the period is 11§ years, we should

‘have looked for a minimum in 1878, instead of which it has

occurred between the end of 1875 and beginning of 1876,
showing a remarkable anomaly of more than two years, The
variations of the needle are shown to follow the sun-spots with
singular fidelity,

CONTENTS PAGE

GrORGE SMITH, Bythe Rev. A, H.SAYCE « ¢ + « ¢ + + + . 421
THr NORWEGIAN TOURISTS' ASSOCIATION + + & o o o o+ & o« + 422
Our Book SHELF :—

British Manufacturing Industries . . . + « + « .+ « . . 423
LETTERS TO THE EDITOR i=

Miniature Physical Geology.—~Rev. T. G. BoNney . , , . . 473

Visual Phenomena.—I. W, WARrD ; Rev. J. F. Brake , , ., ., 423

Antedated Books.—F.Z.S. ', . 4 ¢« ¢« ¢+ ¢ 0 s 0 0 0 424
OUR ASTRONOMICAL COLUMN ==

Variab'e Stars . ., . , , . Namy e 5 00 W R AT A 424

An Intra-Mercurial Planet(f) . « « + ¢ « 4 o o 4+ o o 424
SCIENCE IN SCHOOLS « . . 4 + SRR i My, eilie o v 428
THE BRITISH ASSOCIATION  + o o o+ s .+ s o & s

425
426

Section A,—Mathematical and Physical.—~Opening Address by
Prof, Sir William Thomson, F.R.S., D.C.L , &c, President .
Sectin B.—Chemical Science.~Opening Address by William
Heory Perkin, F.R.S., President . ., , , b

2
Section C.—~Geology . v

435

¢4 97 2 60 .

Section D.—Biology (Department of Zoology and Botany) =
Address by Alfred Newton, F.R.S,, F.L.S., V.P.Z,S,, Pro-
fessor of Zoology and Comparative Anatomy in the University
of Cambridge, Vice-President , , , , . . o kv diise 438

Tare NORWEGIAN ATLANTIC EXPEDITION . . + . . . o 447
Nores . . T ) . . 442

. .
SocieTIES AND ACADEMIES, , o s 0 . . ¥ 34

444






Raport dostępności





		Nazwa pliku: 

		16715.pdf









		Autor raportu: 

		



		Organizacja: 

		







[Wprowadź informacje osobiste oraz dotyczące organizacji w oknie dialogowym Preferencje > Tożsamość.]



Podsumowanie



Sprawdzanie napotkało na problemy, które mogą uniemożliwić pełne wyświetlanie dokumentu.





		Wymaga sprawdzenia ręcznego: 2



		Zatwierdzono ręcznie: 0



		Odrzucono ręcznie: 0



		Pominięto: 1



		Zatwierdzono: 28



		Niepowodzenie: 1







Raport szczegółowy





		Dokument





		Nazwa reguły		Status		Opis



		Flaga przyzwolenia dostępności		Zatwierdzono		Należy ustawić flagę przyzwolenia dostępności



		PDF zawierający wyłącznie obrazy		Zatwierdzono		Dokument nie jest plikiem PDF zawierającym wyłącznie obrazy



		Oznakowany PDF		Zatwierdzono		Dokument jest oznakowanym plikiem PDF



		Logiczna kolejność odczytu		Wymaga sprawdzenia ręcznego		Struktura dokumentu zapewnia logiczną kolejność odczytu



		Język główny		Zatwierdzono		Język tekstu jest określony



		Tytuł		Zatwierdzono		Tytuł dokumentu jest wyświetlany na pasku tytułowym



		Zakładki		Niepowodzenie		W dużych dokumentach znajdują się zakładki



		Kontrast kolorów		Wymaga sprawdzenia ręcznego		Dokument ma odpowiedni kontrast kolorów



		Zawartość strony





		Nazwa reguły		Status		Opis



		Oznakowana zawartość		Zatwierdzono		Cała zawartość stron jest oznakowana



		Oznakowane adnotacje		Zatwierdzono		Wszystkie adnotacje są oznakowane



		Kolejność tabulatorów		Zatwierdzono		Kolejność tabulatorów jest zgodna z kolejnością struktury



		Kodowanie znaków		Zatwierdzono		Dostarczone jest niezawodne kodowanie znaku



		Oznakowane multimedia		Zatwierdzono		Wszystkie obiekty multimedialne są oznakowane



		Miganie ekranu		Zatwierdzono		Strona nie spowoduje migania ekranu



		Skrypty		Zatwierdzono		Brak niedostępnych skryptów



		Odpowiedzi czasowe		Zatwierdzono		Strona nie wymaga odpowiedzi czasowych



		Łącza nawigacyjne		Zatwierdzono		Łącza nawigacji nie powtarzają się



		Formularze





		Nazwa reguły		Status		Opis



		Oznakowane pola formularza		Zatwierdzono		Wszystkie pola formularza są oznakowane



		Opisy pól		Zatwierdzono		Wszystkie pola formularza mają opis



		Tekst zastępczy





		Nazwa reguły		Status		Opis



		Tekst zastępczy ilustracji		Zatwierdzono		Ilustracje wymagają tekstu zastępczego



		Zagnieżdżony tekst zastępczy		Zatwierdzono		Tekst zastępczy, który nigdy nie będzie odczytany



		Powiązane z zawartością		Zatwierdzono		Tekst zastępczy musi być powiązany z zawartością



		Ukrywa adnotacje		Zatwierdzono		Tekst zastępczy nie powinien ukrywać adnotacji



		Tekst zastępczy pozostałych elementów		Zatwierdzono		Pozostałe elementy, dla których wymagany jest tekst zastępczy



		Tabele





		Nazwa reguły		Status		Opis



		Wiersze		Zatwierdzono		TR musi być elementem potomnym Table, THead, TBody lub TFoot



		TH i TD		Zatwierdzono		TH i TD muszą być elementami potomnymi TR



		Nagłówki		Zatwierdzono		Tabele powinny mieć nagłówki



		Regularność		Zatwierdzono		Tabele muszą zawierać taką samą liczbę kolumn w każdym wierszu oraz wierszy w każdej kolumnie



		Podsumowanie		Pominięto		Tabele muszą mieć podsumowanie



		Listy





		Nazwa reguły		Status		Opis



		Elementy listy		Zatwierdzono		LI musi być elementem potomnym L



		Lbl i LBody		Zatwierdzono		Lbl i LBody muszą być elementami potomnymi LI



		Nagłówki





		Nazwa reguły		Status		Opis



		Właściwe zagnieżdżenie		Zatwierdzono		Właściwe zagnieżdżenie










Powrót w górę

