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N
FIFTH REPORT OF 1711
CANUISSIO.V
HE Fifth Report of the Roval Commission on
Scientific Instruction and the Advancemont of
Science, Just issuced, 1s a comparatively short onc ; but to
many it will posscss an unusual amount of interest, as
showing how far private ecfiort may be relied upon to
supply the vast deficiency which at present exists in the
means for affording a higher cducation accessible to all
classes.

The Report is concerned with five institutions, each the
result of private effort, and each having done much
in its own way to raise the standard of the higher edu-
cation, to place it within the reach of a wider circle, and
to bring the physical and natural sciences to the front as
indispensable branches of knowledge and an invaluable
means of culture, without which all education must be
radically incomplete.  These institutions are—the two
metropolitan Colleges (viz., University and King’s Col-
leges), the Owens College, the Newcastle College of
Physical Science, and the Catholic University of Ireland,

The Report gives an account of the origin and growth
of each of these Colleges, founded on abundant data
supplied by the authorities of the various institutions,
Ample details are given as to the amount and sources
of income of each of the five Colleges, the number and
kinds of professorships, the income of each Chair, the
number of students in each class during the last two
years—in short, all information nceded to form an opinion
as to the kind and comprehensiveness of education which
the Colleges aim to give, the means at their command to
carry out their idcal aims, and the extent to which they
have been successful.

The expenditure of University College, London, on
capital account, for all purposes, up to the year 1870,
amounted to 202,287/, the whole having been defrayed
out of the original share capital of the College, and out
of the sums that have been either given or bequeathed
toit for general purposes from time to time. In addition
to the capital sum thus expended there are endowments
arising out of various bequests which produced, in 1870,
an annual income of 2,978Z Of this income, 2,276/, is
appropriated to special purposes ; no assistance has cver
been received from any Government grant,

The School established in conncection with the College
is of unquestionable advantage to it, as a large and in-
Creasing proportion of well-preparcd pupils pass from the
former to the latter ; and during the last few years the
College has been slightly a gainer,in a pecuniary point of
view, by the maintenance of the School. The scientific
Chairs of the College arc cleven in number, Of thesc
eleven professorships, onc only is endowed, Mr. T
J. Phillips Jodrell having latcly presented to the College
the sum of 7,500/, for a permanent endowment of the
Chair of Physiology. \Vith the exception of this recent
benefaction, the College can hardly be said to possess
any endowment whatever the revenue of which is pro-
perly applicable to the support of its Scicentific Faculty,
The Professor of Gieology, however, receives 31/ per
annum from the Goldsmid IFund.
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programmes
( : lectures, appcar to be carcfully
arranged with a view (o the requirements both of ¢lemen-
tuy and of advanced students.  Great importance js
attached to the laboratory instruction in l’hysiCS, Chemis-
“')} and Physiology. The College has but few scholar-
ships or cxhibitions, and of these, none are appropriated
exclusively to scientific subjects.

The Report of the Council states that during the session
1873-74 the number of pupils was 1,542 ; of these, 893
were students in the College, and 649 pupils in the
School.  Of the students, 322 belonged to the Faculty of
Medicine. In the Faculties of Arts and Laws and of
Science there were 571. The fees received, exclusive of
those for clinical instruction, amounted to 2.4,2066/. 105, 64,
The total payments out of thesc fces to the professors,
teachers, and masters, amounted to 16,904/, 8. 6d., leay-
ing 7,362/, 25. for the College share of fees,

The evidence which has been laid before the Commis-
sion clearly shows that the usefulness of the College is
greatly restricted by the Insufficiency of funds, The
difficulty is felt in two respects : first, in providing ade-
quate payment for the professors and thejr assistants ; and
secondly, in providing laboratory accommodation upon a
sufficient scale, together with the proper appliances for
Instruction and research. The Report gives a schedule of
pPayments to the various scientific professors, followed by
a schedule of the lectures given by each ; and looked at
merely from this point of view alone, the disproportion
between the payment and the work done is very striking.

In the opinion of the secretary of the College, ** the large
deductions from the fees which the College is obliged to
make in order to provide for the current expenses of the
institution, have a twofold injurious effect, They materially
diminish the remuneration of the professors, and so far
tend to deprive the College of the services of able men,
and by rendering it necessary to charge fees higher thau
might otherwise be requisite, they must have the indirect
effect of keeping down the number of our students.
The result is that our professors as a rule are very
inadequately paid.” The natural conscquence of the
inadequacy of the professorial stipends is, that in many
cases the College has found it impossible to rctain the
services of some of its most distinguished professors.
Some striking instances of Very recent occurrence, which
show the disadvantage at which the College is placed in
this respect, are mentioned in the evidence,

The resources of the College have, moreover, been
(uite inadequate to provide suitable and sufficient labora-
tories, apparatus, and assistance for the practical depart-
ments of experimental science. The Council have done
what they could with the means at their disposal, but
these are so inadequate as seriously to cripple the
cfficicncy of the scientific instruction given by the Col-
lege. Proposals for the extension of the College buildings
appear at various times to have come under the consi-
deration of the Council, but no definite action has been
taken with regard to them.  One of the most important
uses to which the additions would be put, were thev mad,
would Dbe laboratories tor pracucal study and original
research in connection with the various Scicnce Chauns,

The history and constitution of King's Collese is in
some respects similar to that of University Collee; by

- ..

The courses of study, as indicated in the
of the professorial
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its original charter, however, dated 1828, it is intimatcly
associated with the Church of England. It started at
first and has all along had to struggle with cven
grcater difficultics than University College. For ncw
buildings and other purposcs it has had to incur dcht
from timc to time, morc cspecially to meet the increased
demands of physical science, for which morc accommoda-
tion is urgently nceded.

The expenditure of the capital funds of the College
from its foundation up to the present timc amounts to
180,421/, 55. 9.

The schedule of payments shows that, as in the case of
University College, the teaching staff is very inadequately
paid.

The evening classes at King’s College have been
eminently successful, and provide a fairly complete course
of scientific instruction for persons who are unable to
attend the day classes. They were attended in 1873 by
as many as §5o students, the majority of whom attended
more than one class ; about 300 out of the 550 attending
Science Classes. The financial relations of the School,
which is in a flourishing condition, to the College are
substantially the same as at University College.

The same complaint is made in the case of King’s as
in the case of University College ; the chief impediment
to its further success is “that it is so extremely poor.”
The various scientific departments of the College do not
pay, and were it not for the theological and literary de-
partments, the College, we fear, would have to shut its
doors. The professors ought to get three-fourths of the
fees, but often a percentage for college expenses has to be
deducted from the small sums thus yielded.

We quote in full the recommendations of the Com-
mission with reference to the two Metropolitan Colleges,
recommendations which, if carried out, would undoubtedly
increase the efficicncy of these Colleges, and from which
the country would reap a rich return.

“ After carefully reviewing the cvidence laid before us
with regard to University and King’s Colleges, and es-
pecially taking into account the great public services
which have been rendered by these two institutions to
scientific education in the metropolis, we are of opinion
that, subject to the reservations which we shall make
hereafter, they have cstablished a claim to the aid of
Government which ought to be admitted. We think that
such Government aid should be afforded, both in the form
of a capital sum to cnable the Colleges to extend their
buildings where requisite, and to provide the additional
appliances for teaching which the advance of scientific
education has now rendered absolutely necessary ; and
also in the form of an annual grant in aid of the ordinary
working expenscs of the Colleges.

“With regard to the grant of a capital sum, we arc of
opinion that it should be appropriated to definite objects
such as thosc above referred to; and we further think
that the amount of «uch ¢rants should be dependent upon
the amounts raiscd by subscription.

“ With regard to the annual grants in aid of the income
of the Colleges, we think that they also should be appro-

priated to definite purposes, such, for instance, as the
augmentation of the stipends of certain professorships,
the payment of demonstritors and assistants, or payments

in wud of the Laboratory and establishment expenses. An
account ot the vearly evpenditure of each institution
recciving such assistance should be reported to Govern-
ment. As the suspension or withdrawal of the annual
grant would always remain in the power of Parliament,

we do not think that it would be necessary or desirable to
give the Crown a voice in the appointment of the
fessors, or any control over the management of ptlio'
Col.lcges, other than such visitatorial jurisdiction as wou;g
be implied by an annual presentation of the accounts

“ As we do not consider that a day school in the metro.
polis ought to receive pecuniary assistance from an insti-
tution which is itself in receipt of such assistance from
Goyernmcnt, our recommendation of (Government aid to
University College 1s subject to the reservation that its
financial arrangements shall be such as, while enabling the
College to do full justice to the School, may prevent the
School from becoming a charge upon the funds of the
College on an average of years. Our recommendation is
also subject to the reservation that the finances of the
Hospital, and of the purely medical departments, shall
be kept distinct from those of the College genera]ly.’ Our
inquiry has not extended to Medical Schools, and it is not
within our province to make any recommendation with
respect to Government aid to such schools, whether
associated with scientific colleges or not. In the case of
University College, where such an association exists, we
think it expedient that the annual outlay on the purely
medical department should be kept distinct, in order to
enable the Government to consider separately the question
of aid to the scientific department. At the same time,
we do not think that there is any reason why the Boys’
School and the Hospital should not continue, as at
present, under the management and control of the Council
of the College. '

“The same reservations apply to our recommendations
with regard to King’s College. Indeed, so far as King’s
College Hospital and the Medical School connected with
it are concerned, the need of such a reservation is more
obvious, because it is admitted that these institutions are
a heavy burden upon the resources of the College.

“With regard to King’s College, we would further
suggest that the College should apply for a new Charter,
or for an Act of Parliament, with the view of cancelling
the proprietary rights of its shareholders, and of abolish-
ing all religious restrictions (so far as any such exist) on
the selection of professors of science, and on the privi-
leges extended to students of science. We consider that
any grant of public money which may be made to King’s
College should be conditional on such a reconstitution of
the College as should effect these objects. And we sug-
gest that advantage might be taken of the opportunity
thus afforded to introduce into the government of the
College such other modifications as the experience of the
persons concerned in its management may have shown to
be desirable.” J.S.K

(T0 be continued.)

THE INTERNATION.AL PREHISTORIC CON-
GRESS OF ANTHROPOLOGY .AND ARCHkE-
OLOGY—=STOCKHOLM MEETING

I11S Congress held its inaugural meeting on Aug.7,

and by acclamation clected Count Hamilton its,

president, and the gentlemen already mentioned in
NaTURE (vol. x. p. 307) its acting office-bearers.

There was no further business that day; but the 300
forcign members present (the whole Congress amounts
to over 1,400) were hospitably entertained in the eve.mng
by the town of Stockholm at Hasselbacken, which 1s to
Stockholm what Richmond is to London. There were
music, supper, and fireworks ; and during the evening,
in reply to a well-worded toast of welcome from the
Mayor, several good speeches were delivered by members
of the council representing the different nations present.

On Saturday the real work of the Congress began, and
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the questions discussed were—What arc the most
ancient traces of man in Sweden ? and Is it possible to
indicate the routes, during antiquity, through which the
commercc in ycllow amber went ?

Baron Kurck opened the discussion by stating that he
belicved that the most ancicent traces of man were to be
found in the southern parts of Sweden, and that during
the Stone Age men had gradually and slowly travelled
northwards, which he thought was sufficiently proved by
the fact that the rudest constructed stone implements
were found in the south, and that they became more and
morc mixed with polished ones as you procceded in a
northern direction. The qucstion was entered into with
liveleness, and, among others, three of our countrymen,
Franks, Evans, and Howorth, took an active part and
ably sustained the rcputation of Anthropology among
British sazans.

At the Monday’s sitting, when a point of great interest
was discussed, namely, the characteristics of the polished
stones in Sweden, and whether it was possible to attribute
the antiquities of this age to one people or to the coexist-
ence of several tribes inhabiting the different parts of
Sweden, the King honoured the Congress with his pre-
sence. It would appear, too, that Lie was interested in the
speeches, as on a subsequent day he not only himself
returned, but brought the Queen with him. The discus.
sion on that occasion was fortunately even more interest-
ing than on the previous occasion, for it was on the
Bronze Age, and what were the analogies in the manners
and the industry of the Swedish people at that time when
compared with those of the same period in the other
countries of Europe : also on comparing the Bronze Age
with those which preceded it. On Tuesday the Congress
visited Upsala (the Oxford of Sweden), and were received
and entertained by the professors and students in a most
novel and interesting manner. They met us at the rail-
‘Way station, the students all with their white caps on,
and carrying the twelve white silk banners, with the em-
broidered arms and devices of their respective provinces
upon them, done in gold and silk thread in a manner
which it would be hard to find female fingers at the pre-
sent day, even when stimulated by Cupid’s dart, capable
or willing to execute. The choir of students, which I am
told is the best in Europe, sang a song of welcome, and
then marched before us to the principal points of interest
in the town, several times giving us brilliant examples of
their vocal powers, especially in the cathedral. Our visit
to Upsala was, however, not one entirely for amuscment,
but for instruction, and a few miles from the town was one
of the largest of the country’s tumuli, opened for our in-
Spection, It was nearly 4o ft. high, and composed chicfly
of sand, covered over with grass, looking like a little hill,
but one at whose height and stecp sides you would look
twice before attempting to ascend. In this were found
buman remains and the bones of animals (burned) sup-
posed to have bcen offered in sacrifice, Fragments of
gold and iron were also discovered, and a coin, all of
which lead to the Dbelief that this tumulys is not more
ancient than the fourth century. Another cxcursion was
made on Thursday to the Isle of Bjorks, where there is
an ancient cemetery of 2,000 tumuli, each about 41t
or 5 ft. high, and from 12 ft. to 18 {t. in diameter, Within
dcouple of hundred yards from this is the site of the

ancient town ; nothing remains to tell of its site but the
souvenirs which lic hid in js soil, which is calleq the
“Black Larth,” and is famous for its potatocs.  Scyera]
trenches, 3ft. deep and nearly 4 ft. wide, were run through
the site of this ancient town, and several of the members
of t.hc Congress were fortunate enough to pick up articles
of Interest—fragments of very rude pottery, needles of
bone, glass beads, fragments of iron, and an immense
number of the bones of domestic animals, including
those of the horsc, 0x, sheep, dog, Cat, pig, as well as of
birds. From thc remains found here it appears this town
must have cxisted at least up to the eighth century, Be-
forc the visit of the Congress to it were found several
iron keys, fish-hooks, and pincers : also a whole neck-
lace of coloured glass beads, chiefly white and red; a
great many fragments of hair ‘combs, some very well
engraved, with crossing straight lines, circles, and dots,
They were all formed of bone,

On the following day was discusscd the question of how
the age of Iron was characterised in Sweden, and an
attempt was made to establish the relations at that
period which existed between the Swedes and the more
southern nations ; but, just as on some of the other occa-
sions, no definite conclusion was arrived at, and this arose
from the great tendency members showed for discussing
the details instead of keeping to the main subject. The
last question considered was, what were the anatomical
and ethnical characters of the prehistoric men in Sweden ?
This afforded a second opportunity to the Congress of
hearing an interesting passage of arms between Messrs.
Virchow and Quatrefages, very similar in substance to
what we had from them in print the year after the Franco-
German war. They agreed to differ then, and they agree
to differ still. It was interesting, but not to the point,
However, all ended amicably, and the seventh session of
the International Prehistoric Anthropological and Archzo-
logical Congress may be said to have terminated by an
evening party given by the King of Sweden to all its
members at his country palace of Drottningholm, on
Saturday, August 15, 1874. Her Majesty and the Queen
Dowager were both present. This evening party will
long remain in the memory of the members of the Con-
gress as a pleasant tribute of royalty to the shrine of
science, reflecting as it does as much credit on the intel-
lectual acumen of him who gave it as honour on those
who received it,

The next meeting of the International DPrehistoric
Anthropological and Archeeological Congress will De
held at Pesth in 1876. GEORGE HARLEY

ARMSTRONG'S “ORGANIC CHEMISTRY ™

Introduction to the Study of Orgam. Chemistry, T
Chemistry of Carbon and its Compennds. By Henry
E. Armstrong, ’h.D., F.C.S. (London : Longmans
and Co., 1874.)

O write a good introduction to any subject is sufii-
cicntly difficult, but if the subject be developing

very rapidly and undergoing very marked changes, as s

the case with organic chemistry, obviously the ditticulty

of presenting such a subject to a student in a satisfactory
manner is vastly increascd.  Dr, Armstrong has devoted
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himself heart and soul to his work : the requisite know-
ledge he cvidently possesses, and he has shown gc?od
judgment in sclecting from much new matter what to bring
forward and what to withhold. Neither in arrangement
nor in substance has he made dircct use of previous
{reatises on the subject ; he has written his own book
on organic chemistry, and it certainly will prove to be a
good and uscful onc.

No treatise of note on this subject had appeared of late
years in our language, and this rapidly devcloping branch
of scicnce had outgrown the old form in which it had
been cast. ‘The change of name which has been suggested
is really indicative of the change the science has undcr-
gone : formerly it was Organic Chemistry ; now it is the
Chemistry of the Carbon Compounds ; in fact, formerly it
was the properties of a few substances, the direct pro-
ducts from organised structures, which was studied,
whereas now a very large portion of a treatise on organic
chemistry is taken up with the exposition of the theore-
tical constitution of artificially prepared bodies. In few
branches of science has theory been more useful and
productive of more good thanin this branch of chemistry ;
and certainly inorganic chemistry, although dealing with
simpler bodies, owes much to lessons derived from the
organic branch of the subject.

Dr. Armstrong has grouped his subjects in a simple,
and, if in somewhat a summary, still in a philosophic
way. He casts off and entirely ignores all bodies which
at present refuse to fall into some established group.
Thus, such bodies as the natural organic alkaloids, indigo,
albumen, &c., find at present no place in his book ; while
we do not regret the exclusion of bodies of doubtful
composition, unknown constitution, and but little special
interest, still, to ignore the whole of the well-defined class
of natural alkaloids was hardly necessary as a matter of
principle, and certainly will prove inconvenient to the
student.

Since this special property of carbon, this power which it
has of combining with itsclf, appears capablc of yielding an
almost infinitc number of compounds, the classification
of this host of bodies becomes a matter of the first im-
portance. So few were the number of organic bedies
known only some forty years ago, that they could Dbe
classed according to their origin as vegetable or animal
substances ; afterwards there sprung up a multitude of
bodies formed directly or indirectly from these, and we
have the first indication of those series of bodies which are
now so characteristic of organic chemistry. More or less
of the old principle of grouping has lingered in the science
until now, but in this book it gives way entirely to group-
ing dependent solely on constitution ; some of the many
serics of orranic bodics are now tolerably complete, and
the discovery of new bodics, instead of as formerly tend-
ing to complicate the science, now tends to simplify it
In this arranyement of the compounds in scries, Dir.
Armstrony introduces asimplitication which 1s important
he does away with the aromatic group of compounds as
a distinet roup, and merzses them in the larper eencral
croups. This aronatic gronp of compounds, as they have
heon «lc.si;;u.l(('«l, have undoubtedly very marked and
specitie propertes, but D Vinetron shadl state for hime
self his reasons for v up the exclusion of them from
the peneral seties to which they may be considered s
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belonging, and we think most chemists will be inclined to
agrec with him : -

“The division of carbop compounds into two great
groups of fatty and aromatic substances, which has found
favour of l'ntc years, has not been adopted. It appears
to have arisen from tbc comparison of single substances,
and cannot he 'sustamcd, I believe, if whole serics are
contrasted. It is now placed beyond doubt that in cach
homologous scries of carbon compounds the propertics
(physical and chemical) of the successive terms undergo
from first to last a'progressive modification, and there is
every reason to believe that in like manner the successive
terms in  cach isologous series undergo a progressive
modification. At present we are not acquainted with a
single complete homologous or isologous series, so that it
is difficult to draw conclusions ; but to judge from the
evidence at our disposal it appears highly probable that
the modification in properties from term to term of each
homologous and isologous scries is of so gradual a cha-
racter that continuity may be said to exist throughout.
If so, it is as little possible to divide carbon compounds
into two great groups as it is to draw a line which shall
sharply divide so-called inorganic and organic compounds;
that such a division appears possible at present is simply
the consequence of the number of links which are still
missing in the chain of facts.”

While speaking of certain innovations which Dr. Arm-
strong has introduced into his book, the substitution of
the term “ unit weight” for combining or atomic weight
should be noted : the term certainly has the advantage of
being free from all theoretical significance; but if the
term afom is objected to, the term combining weight,
already in common use, would, we should have thought,
so nearly have expressed Dr. Armstrong’s meaning as to
save the necessity of introducing a new term. The
ceneral arrangement of the book is clear and simple.
The first chapter deals with the methods of organic
analysis ; and should any student be so unfortunate as not
to have the opportunity of learning from experiment how
organic bodics are analysed, certainly if he reads this
chapter he will be well able to picture to himself the kind
of way in which the determinations are made. The
explanation of the use and meaning of formule naturally
follow the determination of the data on which they rest.
The*following caution to students is not uncalled for, and
cannot be too strongly impressed upon them. The author
says, speaking of rational, constitutional, and structura
formulae : ** The use of these terms scems to imply, how-
ever, that such formulxe express the constitution or
structure of the bodies to which they refer ; but we must
guard oursclves most carefully against this impression,
since, hypothesis aside, we possess no real knowledge as
to the internal constitution of chemical compounds, or of
the mode of arrangement of the atoms of which bodies
are prestmed to be madeup; and although rational
formul may represent the approximate constitution of
chemical compounds, yet in the present state of our
knowledge it is advisable to regard them simply as con-
denscd symbolic expressious of the chemical nature and
mode of formation of the compounds represented ; they
enable us, o to speak, to decipher at a glance the
chemical history of compounds.” )

The second chapter is devoted to the classification of
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organic compounds, and Dr. Armstrong arranges them
all under the following ninc heads :—Hydrocarbons,
Alcohols, Ethers, Aldchydes, Ketoncs, Acids, Anhydridcs,
Amincs, and Organio-Metalljc Bodics. To each class he
devotes a few lines of explanation ; in fact, the whole
chapter is a general outline of what is to follow, and is
very uselul as giving a general and comprchensive view
of the whole subject. The kind of action exerted by the
most important reagents on organic bodies is ncxt de-
scribed, and will be useful to the student who alrcady has
some knowledge of the bodics acted on. After thus
disposing of these introductory matters, the systematic
study of the different classes of bodies above named is
commenced and carried through, chapter by chapter,
nearly in the above order, the study of Carbon itself
forming the starting-point.

The book will certainly prove of great use in this
country and do good service in extending a knowledge
of organic chemistry. Students in general will hardly
look upon it as an interesting text-book ; long lists of rare
substances, whose only real interest at present is in their
constitution, cannot be made very attractive. The descrip-
tions, however, of important methods of preparation and
of purification of different bodies are very well given, and
there is a reality and freshness about them which is not
generally met with in systematic works on organic
chemistry. Dr. Armstrong has evidently not been con-
tent to obtain all his information second hand.

The book will probably become the standard text-
book on organic chemistry in this country, and in future
editions probably will develop into a larger ,work; at
present even it contains much detail, and is suited rather
for the advanced student than for the mere beginner.

LETTERS TO THE EDITOR

[The Editor does not hold Fimself responsible for opinions expressed
by his correspondents.  No notice is tajen of anonymons
communications.)

Mr. Herbert Spencer and Physical Axioms

IN my letter, published in NATURE, vol. x. p. 104, I asked
the following question— Does Mr. Spencer regard the second
law of motion as an ¢ unconscious'y-formed preconc eption,” or
asa *“corollary of a preconception,” or as a ““ consciously-formed
hypothesis ”* ?

This led to a correspondence with Mr. Spencer, which he has
thought well to publi h, with comments, as part of a jamphlet
containing appendices to his fo mer pamphlet enti led ¢ My,
Herbert Spencer and the Dritish (uarterly Reviewer,”  Conse-
quently, I should be glad if you would allow me <pace for a few
fmal words to state what now appears to be the result of the
controversy., .

By the  fuller explanation with which Mr. Spencer has
avoured me, it has now heen made clear that, on his theory
of the evolution of physical axioms, the sccond law of motion is
not itself a “ preconception,” hut a ** corollary of a preconeep-
tion,” that is, a truth implied in, hut only evolved by conscious
mental processes from, the preconception s though he afierwaids
fomewhat qualifics this starcment by admitting conscious obsi -
ation to have its share in the result, when he Says, ““ Obseroation
0ids in disentangling the truth that this reation between force
and motion is mre distinct where the actions are simpled - 5o
leading to the intuition that the pmporllon'ahly is absolute where
the simplicity is abs lute.” 1 state this, in fairness to Mr.,
Spencer, hecause he lays stress on the distineticn, and rightly +o
from the point of view of psychological lhc()ry.; though ay re-
gards my argument that the second law of molin is not to he
regarded as in any sensc an d priori coghition, it is a side jssuc of
o imrortance,

. ‘\
But }\'llh respect to the main issue, I have ay lvngth obtaine]
a definite reply in a Passage which I proceed (o quote from M,
hpenc.er S comments gn my last letter to him. | had sakl;
‘s Vm'lgus hypotheses as (o the relation between force ai change
of motion may he made, all consistent with the gencral precoyy.
ception of the pro ‘ortionality of cause and effect, and between
whicl} the mind alone i unable to decide, until jt calls to its ajd
conscious ()l)s.z rvalion or experiment,”  “T'o which Mr. Spencer
rejoins—(the italics are mine)—“"TI'his is perfectly tive, | have
said nothing to the contrary. My argument implics nothing 1o
the contrary. 7 am sos concerned with the guestion jow tngressed
Jorecis lo be measured, or foz alleration of motion is 1o fe measurad.
The second law of motion is a urely abstract slalement, aud [
hold 3t 1o be & priori 0nly i1 its abstract Jern. It asseris that he
alteration of motion (a right mode of measurement being as-
sumed) is proportional to the impressed force (a right mode of
measw ement being assumed). I do not affirm that we know,
@ priori, in what terms of space and time and mass change of
motion is to be expressed. The law, as formulated, leaves this
unspecified ; and all T hold to be 4 Prioriis that which is alone
stated in the law,”

To the mathematician anq Physicist, comment on this is hardl
Necessary. I was right when [ said, in a former note, that there
is little left to argue about, The osteologist may doubtless for
bis own purposes speak of the skeleton of a horse as a horse,
thovgh the dry bones would be a sorry substitute for the living
animal to a man who wanted it to do his work, And so, too,
Mr. Spencer, as a psychologist, might (if it did not lead to that
disastrous confusion which we have complained that hig use or
misuse of the terms of physical science does lead to) speak of the
second law of motion ““in its abstract form " as the second law of
motion ; but assuredly Newton, who had carefully defined quan-
tity of motion and of motive force before enunciating his *“ Axio-
mata sive Leges Motiis,” did not regard it as a *¢ purely abstract
statement ;” and every mathematician and physicist, who has to
any extent followed in Newton’s steps, knows that all that gives
life and force —that is, power to generate new results and to
co-ordinate and explain the external phenomena with which
physics is concerned—to this or any other physical axiom is not
1ts @ préord basis or abstract form, but that element in it which
bas been derived from conscious observation or experiment.

The upshot of the whole controversy, then, is that the physical
axioms ot Mr. Spencer are not the living tiuths which form the
basis of the physical sciences, but the bare abstract forms in
which those ‘truths may conveniently—possibly Mr, Spenccr
would say must—be expressed. I trust that the value of this
result, to the readers of Mr. Spercar’s first principles, may be
some atonement for the space and time which the controversy
has occupied. ROBERT B, ITavwarD

Harrow

—

N\ Darwin on “ The Origination of Life

WE are constantly meeting with an objection to Mr. Darwin's
writings, urged alike by friends and foes, on the score of his not
kaving published his views concerning the origin of life, As this
objection refers to a matter of literary tas'e rather than to any-
thing of substantial importance, in ordinary cases it is best met
Dy silence ; but when a President of the British Association gives
it a prominent position in his inaugural addre:s, it is time that a
diss:ntient view should be raised,

Towards the clese of his discourse, Dr, Tyndall observes : —
“The origination of life is a point lightly touched upoen, if at
all, by Mr. Dawin and  Mr, Spencer, DiminisLing gradually
the number of progenitors, Mr. Darwin comes at length to one
‘ primordial form 2’ Lut he does not say, as far as | remember,
how he supj o-es this form to have been introduced.  1e (juotes
with suisfaction the words of a celebrated author and divine w i
had “pradually Icarnt to sce that it is just as noble a conception
of the Deity 10 believe Ile created afew original forms capable
of sclf-developmant into other and neediul forms, as to beliey o
that Ile requited a frcah act of creation to supply the voidis
causcd by the action of Iis laws.’ What Mr Darwin think ot
this view of the intioduction of life | do not know,  Whether he
does or does not introduce his primordial 1oy by acre tive
act, Tdo not know.  But the question will mevitably Le ashed,
‘How came the toim there 2’ < We nced deaness and
thon ughness here,” & Now, I subunit tha although this is 3
question which must ™ mevitably be asked,” it is neverthe.
less a question with which Mr. Darwin has nothing whatever to
do.  The problem concerning the origin of life is a< distin.( frem
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that concerning the origin of species, as any two problems can
well be ; and it does not devolve upon a writer to speculate upon
the one, merely because he has solved the other. Those who
have taken the greatest interest in Mr. Darwin’s illustrious carcer
cannot have failed to appreciate the admirable forbearance he
has always displayed in not allowing lllmself to (l?gress into col-
lateral topics, howcever great the temptation to digress may be,
All his vast and numerous conquests of thought have been
achieved by a rigid adherence to the philosophy of fact ; there
is a grand consistency in the maintaining of a method, according
to which pure speculatiqu is nowhere permitted to assert itself,
excepting in so far as it is absolutely necessary.  Surely it would
be a deplorable thing were ‘‘ the epoch-making book ” allowed
to present a gratuitous deviation from this method, merely in
order to plunge into a sea of & priori conceptions where inductive
verification is as yet impossible. The passage quoted by Prof.
Tyndall is adduced by Mr. Darwin only in order to show that
50 far as the doctrine of the transmuttation of specics is concerned,
{he evolution theory supplies us with ** just as noble a conception
of the Deity ” as does the theory of special creation. Regarding
the more ultimate question, everyone must s1y with Dr. Tyndall,
¢ What Mr. Darwin thinks of the introduction of life I do not
know ;” and this, I take it, is just the condition in which the
author of the “ Origin of Species” should allow his opinions to
take their place in history. In short, those who censure Mr.
Darwin for his praiseworthy reticence regarding *‘ the far higher
problem of the essence or origin of life, upon which science as
yet throws no light,” ™ would do well to consider the beautiful
example of scientific caution that is afforded by the manner in
which this very subject is treated of in the concluding pages of
the last edition of the *‘Origin ;” and I am sure that I am only
expressing the opinion of the majority of Mr. Darwin’s admirers
when I say, that whatever our ontological views may happen to
be, we all unite in sincerely hoping that, in subsequent editions,
he will not spoil the splendour of his finished work by indulging
in speculations as foreign to his subject as they must be unpro-
fitable in themselves.
Aug. 21

A DiIsCIPLE OF DARWIN

Meteors

ON referring to my record of meteors for the Sth inst., I find
two meteors nearly at the times mentioned by Prof. Tait (vol.
X. p. 305), viz., 10.33 and 10.53. That at 10.33 was, from its
position as seen here, unquestionably 720 identical with the one
he saw. That at 10.53 may possibly be the same, if by
Monoceros Prof. Tait means the constellation commonly marked
at Equuleus. If such is the case, a calculation, rough as the
data necessitates, would give for the meteor’s height at the be-
ginning 144 miles; at the end, S7 miles.

1 have of course had to assume a path for the northern station,
but as the radiant point was indicated, and one point of the
meteor’s course, 1 had not much choice in the matter.

Birmingham, Aug. 24 Tuos. H. WALLER

ANOTHER NEW COMET

THE following communication, dated Mr. Bishop’s
Observatory, Twickenham, Aug. 20, has been sent
to the Z7mes by Mr. J. R. Hind, F.R.S. :—

“ We have received to-day from M. Stephan, director
of the Observatory at Marscilles, telegraphic notice of the
discovery of a comet this morning by M. Coggia, in the
constellation Taurus, the position of which is thus
given :—

“ August 19, at 14h. 33min. mean time at Marscilles.—
Right ascension, 5, 29" ; Polar distance, 62755 Motion
towards the south-cast. The comet is faint.

“I'he comet discovered at the same observatory by M.
Borrelly, on the 25th of July, I obscrved here last night
as follows : --

“ August 10, at gh, 2ymin. 38sce, mean time at Twicken-
ham. Right ascension, 13h, s2min, 7°58scc. 5 Polar dis-
tance, 17 207 40y

“ It does not appearn, as vet, to have materially decreased
in brightness.”

Congin of Speaies,”’ po 441, 1874,
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17HIE DRITISH ASSOCIATION AT BIELEAST

Brrrast, Tuesday Night,

BEL]"AST is quite the centre of Iris]1 industry, and

onc of the most progressive towns in the kingdom
Pcople are living who rcmember it with less than 20,000
inhabitants ; now it has near 200,000, As a proo’f of
industry and thrift, it offers a good example to the rest of
Irelan(.l. The Association has not met under very favour-
able circumstances, for unfortunately at this moment no
less than 20,000 men in the town are on strike, and some-
what less than 15,000/ a week is withdrawn from circu-
lation. A smaller town with a less clastic population
would be paralysed, and the influence of the strike is
sufficiently felt as it is. The population of the town is
very mixed ; it is not true Irish. Belfast is less Irish
either than Dublin, Cork, Galway, Derry, or Limerick
There is a large leaven of Scotch and Scoto-Irish who
have indeed the merit of a thrifty nature, but who lack
many of the good qualities of the Irish ; among others
their hospitality. The thrift of these pcople has caused
the hotel and lodging arrangements to be carried out in
an abominable manner. We have been shamefully fleeced,
One hotel charges a sovereign a night for a bedroom
others half as much ; in any case, members of the Asso:
ciation are charged at least double the ordinary prices,
In final despair we were driven to inquire at a small
coffee-shop whether they had a room ; the people replied
that they had ; but that if we were a member of the Associa-
tion we must pay ten shillings a night, the ordinary price
in that house being about two shillings. When people
travel from a distance, and sacrifice time, money, and
rest, to do the work of the Association, and not as
pleasure seekers, it is rather hard to be swindled because
you happen to be a member of the Association.

The Sections have been well filled, and have had plenty
of pabulum in the form of papers and verbal communi-
cations. Section A has been divided into two Depart-
ments, and it is probable that one or two of the Sections
will have to sit on Wednesday. The addresses were quite
up to the average. Among the more interesting papers
were those of Mr. Huggins, On the Spectrum of Coggia’s
Comet ; Prof. Wiedemann, On the Magnetisation of
Chemical Compounds ; Dr. Carpenter, On the Clallenger
Deep-sea Dredgings; and Mr. E. J. Harland, On a
Screw-lowering Apparatus for Ships. The expected fight
about the FEosoin Canadense did not come off. The
specimen and apparatus room is well filled. Among the
morc interesting objects we observe Prof. Barrett’s appa-
ratus for showing the elongation of iron, cobalt, and
nickel by magnetisation, Mr. Braham’s heliostat and
ruled glass used in experiments on light, and Mr. Roberts’
illustrations of columnar structure, artificially produced.
The Thursday soi»éc, on the other hand, was singularly
devoid of exhibitions of any kind, and the Ulster Hall
was extremecly crowded, both causes tending to make the
evening drag rather heavily. There were several cxcur-
sions on Saturday, and therc are many prepared for
Thursday, the principal being to the Giants’ Causeway.
The Mayor, who has throughout been very active in for-
warding the interests of the Association, has issued invi-
tations for a trip round the coast on Thursday, for which
purpose he has cngaged onc of the fine Fleetwood mail
steamers. )

The Association meets  next year at Bristol, Sir
John Hawkshaw CE, F.RS, being President-elect ;
Glasgow is to be the place of meceting in 1876, an -
fluential deputation having attended the Association to
urge upon 1t the claims of that city to the honour of
its presence. Phymouth will probably be the rendezvous
for 1577. .

‘I'he following is the financial statement of the Associa-
tion for the past year : —
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RECEIPTS,

To balance brought from last account we 924 15 10
Life Compositions at Bradford Mecting, and since 358 0 o
Annual Subscriptions  do. do, .. . 046 0 o
Associates’ Tickets -do. do. e 205 o
Ladies’ Tickets do. do. .. 0o1 o
Dividends on Stock 237 10
Sale of Publications . vee 2118
Balance of Grant made at Drighton to the Sewage

Committee oot Y P ver 26 S

A£A3611 12 6 |

——y

PAYMENTS,
Expenses of Bradford Meeting, also sund y Printing,

Binding, Advertising, and Incidental Expenses... £373 8 4
Printing, Engraving, &c., Report of 42ud Meeting

(vol. 41), Brighton 696 13 10
Ditto on Account of Report of 43rd Meeting (vol.

42), Bradford . 5813 %
Salaries (one year) 402 6 o J
Rent and Office Expenses (Albemarle Street) ... 104 5 o
Grants made at Bradford Meeting, vi;. :—

Zoological Record 100 0 o

Chemistry Record ... 100 0 o

Printing Mathematical Tables 100 0 o
For Committee on—

Elliptic Functions ... I00 0 o

Lightning Conductors 10 0 o

Thermal Conductivity of Rocks 10 0 o

Anthropological Instructions, &c... 50 0 o

Kent’s Cavern Explorations ... I50 0o o

Luminous Meteors 30 0o o

Intestinal Secretions IS5 0 o

British Rainfall I00 0 o

Essential Oils .. I0 0 o

Sub-Wealden Exploration 25 0 o

Settle Cave Exploration . ... 50 0 o

Mauritius Meteorological Researches I00 0 o

Magnetisation of Iron ... 20 0 O

Marine Organisms 30 o o

Fossils, North-west of Scotland 210 o

Physiological Action of Light ... 20 0 o

Trades’ Unions ... . -« 25 0 o

Mountain Limestone Corals 25 0 o

Erratic Blocks .. I0 o o

Dredging, Durham and Yorkshire 28 5 o

High Temperature of Bodies . ... 30 0 o

Siemens’s Pyrometer ... 3 6 o

Labyrinthodonts of Coal-Measures 715 o
Widow of W. J. Askham ... . 50 0 o
Aug. 19, Balance at Bank . £698 10 3
Ditto in hands of General Treasurer 15 19 6

— 714 911

43,611 12 6
“

SECTION B
CHEMICAL SCIENCE,

OPENING ADDRESS BY THE TRESIDENT, PRor, A. CrUM
BrowN, M.D., F.R.S.L., F.C.S.

ONE hundred years have clapsed since the discovery of oxygen
by Priestley. Perhaps we should say re'dxscovery, for therc 1s no
doubt that about one hundred years carlier Mayow prepared from
nitre nearly pure oxygen, and obscrved and recorded some of its
most marked properties. Mayow’s discovery, however, led to
Rothing, while Pricstley’s was the most Important step in that re-
Lonstruction of speculative chemistry which was commenc-d by

ck and carried on with sarprising energy and thoroughness
by Lavoisier and his associates. 1 shall not detain you by enu-
Werating the ways in which this discovery has affected chemistr

oth practical and speculative. ’l‘he_'pre-e'mm'ent Position to whic
OXygen was al once elevated, and W]HC'h it so long retained,
Makes this altogether unnecessary. I wish, however, to point
%t one character of the phlogistic controversy which sharply
distinguishes it from man y others. The truth represented by
1€ theory of Phlogiston was not recognised with sufficient dis.
tinctness by the supporters of that theory to give them any
shance of success in opposition to a band of devoted adherent s
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of a view which was clearly understood by all.  Tle phlo ristists

were completed defeated, and he theory ceased to cxist, "It has

' been left for chemlc:ftl antiuaries to pick out, with difficulty and
uncertainty, a meaning from the ruins.

I have mentioned this character because T wish

attention to another more reeent controversy,

was very different,

The questions as to chemical constitution raised about forty
| years ago by Dumas and the new I'rench school, in opposition
' to Bcrzel.xus', may now be said to be practically settled. The
| great majority of chemists are agreed as to what is to be under-
stood by chemical constitution, and also as to the nature and
amount of evidence required, i, order i

ITow has this

to draw your
the result of which

agrecment been produced ?
us to believe that it is the
of Dumas, Gerhardt, and
Laurent, and the defeat of the dualistic radical theory of Derze-
lius ; that the arguments of Berzelius and his followers were only
useful as giving occasion for g more full and convincing proof of
| the unitary substitution theory than would otherwise have been
called for; that, in fact, the adherents of dualism played the
be that of the Conservative
of checking and criticising the successive deve-
lopments of truth, and thug allowing them time to ripen,

In opposition to the view thus broadly stated, T would place
another, and for the sake of contrast shall state it also in perhaps
too broad a form :—That the two theories, the dualistic radical
theory and the unitary substitution theory, were both true and
both imperfect, that they underwent gradual development,
scarcely influenced by each other, until they have come to be
almost identical in reference to points where they at one time
seemed most opposed.

I have said that the development of the one theory was
scarcely influenced by that of the other.  Of course the Jacts dis-
covered by both parties were common property, and the develop-
ment of both theories depended upon the discovery of these
facts ; but the explanations of facts and the reasoning from them
given by each party seemed to the other scarcely worthy of seri-
ous consideration, and were treated as matter of ridicule. And
the habit of mind created by this mode of viewing the opposed
theory rendered it difficult for those who were engaged in the
controversy on either sile to see how nearly the two theories
have now come to coincidence, Their language still remains
different ; but as the facts are the same for both, itis not difficult
for a neutral critic to translate from the one to the other ; and
if we do so we shall sec that there is much real agreement be-
tween the two modes of representing chemical ideas, historically
derived, the one from Berzelius, the o her from Dumas, Laurent,
and Gerhardt.

In both, chemical constitution isregarded as /7. ord.r in ik
the constituents are united in the componnd ; and the same funda-
mental notion is indicated in the one by reference to proximate
constituents, in the other by the concatenation of atoms, To
show that this is s0, an1 that the fundamental] notion can be
arrived at from the dualistic as well as from the unitary starting
point, I shall cite an illus:rative case, Every student of chemi-
cal history will remember the view of the constitution of trizhlo-
racetic acid propounded by Berzelius, and afterwards supplemented
by a similar view of the constitution of acetic acid and an expla-
nation of the likeness of some of the properties of these two
substances.  This has sometimes beea spoken of as a subterfuge
of a not very creditable kinl, by means of which Ber/elius
apparcntly saved his consistency while really vielding to the
arguments of his opponents.  But if, instead of looking at it in
the light of the substitution controversy, we consider it in itself
as a contribution to speculative chemistry, we at once reconise
in it a statement, in Derzelian language, of the views we now
hold as to the constitution of these acuds.  The view was that
acetic acid is a compound of ox icaid and methy!, trichloracetic
acid a compound of oxalic acid and the sesquichloride of carbon.
They differ considerably from cach other, because the copule
(methyl and sesquichloride of carbon vespectively) are daterent
but their resemblance is strongly marked, . canse they contain
the same active constituent, oxalic acid ; and most of the promi.
nent characters of the subst.ances depend upon 1, and not upon
the copuli. Lt us first free this Stitement from what we may
call archaisis of fanguage. 1t will then assume somethiny like
the following form: The carbon in acetic acid is equally
divided between two proximate constituents, one of which is an
oxide, the other a hydride of carbon, Trichloracetic acid simi-

larly contains an oxide and . chloride of carbon, between which



338

the carbon is cqually divided. The oxide is the same in both
acids, and is that oxide which occurs Jinoxalic acid. The
hydride and the chloride have the composition of the substances,
the formule of which are C,1T; and C,Clg respectively.  Oxalic
acid undergoes chemical change much more readily than the
corresponding hydride or chloride ; and thercfore the chemical
character of acetic and of trichloracetic acids depends much
more on the oxidised than on the other constituent, and they
thus have a marked rcsemblance. The oxidised constituent is
united to the other in a manner different from that in which
oxalic acid is united to bases in the oxalates, inasmuch as, while
the basic water of hydrated oxalic acid is displaced when oxalic
acid unites with a Dbase, in hydrated acclic and trichloracetic
acids there is the same proportion between the basic water and
the oxidised carbon as there is in oxalic acid.

Now, has not this a great resemblance to the view entertained
by most modern chemists, that acetic acid is a compound of the
radical carboxyl (half a molecule of oxalic acid) and the radical
methyl (half a molccule of methyl gas), that trichloracetic acid
similarly contains the same radical carboxyl and the radical
CCl;, and that the prominent chemical properties of these
bodies depend upon their containing carboxyl, and that they
therefore resemble each other?

The modern view contains nothing inconsistent with that of
Berzelius ; but it no doubt contains something more : it contains
an explanation of the difference between the manner in which
carboxyl is united to methyl in acetic_acid, and the manner in
which oxalic acid is united to bases in the oxalates.  DBut it will
surely be admitted that Berzelius was here far ahead of his oppo-
nents—so far ahead, that they altogether failed to see his mean-
ing, and looked upon his argument as a clumsy device.

The treatment by Berzelius of the constitution of the sulpho-
acids, furnishes a precisely similar case. These are now regarded
as compounds of the radical SO,OH (which we may call sulph-
oxyl). This radical is half a molecule of hyposulphuric acid ;
and Berzelius considered them coupled compounds of hyposul-
phuric acid, adopting at once the view first brought forward by
Kolbe in his classical memoir on the sulphite ot perchloride of
carbon and the acids derived from it.

I might pursue the history of the carbon- and sulpho-acids
further, and trace the development of the theory of their consti-
tution through the discoveries of Kolbe, and his beautiful appli-
cation to the cases of carbon and sulphur of Irankland’s far-
sighted speculation on the constitution of the organo-metallic
bodies, pointing out the relation of Kolbe’s views of the consti-
tution of acids, alcohols, aldehydes, and ketones, to the Berze-
lian theory on the one hand, and to the opinions of modern
chemists on the other ; but the greater part ot such an historical
sketch has been given very recently by Kolbe himself in the
Fournal fiir praktische Chemic, and 1 may therefore omit it.

It would be easy to bring forward cases to show that our
present views can be directly derived from the substitution theory
and_the types of Dumas and Gerhardt, through the complica-
tions of multiple and mixed types, and the labyrinthine formule
to which these gave rise, to the wonderfully simple and compre-
hensive system of Kekulé¢; but that is unnecessary, as this
development has Licen fully and ably described by more than one
thoroughly competent writer.,

We have been discussing a case in which Derzelius was right
in considering a compound of carbon, oxygen, and chlorine as
composed of two parts—an oxide and a chloride of carbon. It
is only just that we should only take some notice of cases, at
first sight similar, in which modern chemists would be inclined
to think that he was wrong.  This is the more necessary, as an
examination of these cases will enable us to see what was the
rcally valuable contribution made to speculative chemistry by the
substitution theory.

Compounds containing three clements were formulated in two
different ways by Derechus @ -

1. One of the clements was represented as combined with
a radical composed of the other two, as  hydrocyanic acud,
H,'C,N, ; cther, €110

2. The temary compound was represented as composed of
two binary compounds, having: one element common, as - Gustic
potash, KOO chromaochloric acid, 2C10y, CrCl,

Phospene gas was at fiest formulated in the former of these
ways as CO,Cly 3 but Latterly he was foreed, in consistency, to
give up all vadicals contaming onygen or other strongly electro-
negative clement,® and to write the formula of phosgene gas

* Inat g Becoehios was inclined to regand C,04, to which he gave the
name *ovatyl” as the padical of ovahic add and oxanude,
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CO,, CCl,. Similarly, in cvery case where a positive element
or radical 15 combined with two negative elements or radicals h
represented the compound as composed of two binary cc :
pounds, thus—chloride of acetyl, 2C,1,0,, C,1{,CI ns)z'l com-
pound of acctic acid and the corresponding terchforifl,e om-

This was in perfect consistency with the mode in which terna
compounds containing one negative and two positive clements 3-'
radicals were formulated, as caustic potash, KO, 11,0, sulphate
of copper, Cu0, SOy, &c. ; but it lacks the practi‘cni juqtliﬁca.
tion which can be given for the formula C, 11, C,0, for acet]

. . 3 cetic
acid ; for phosgene acts readily on water, forming carbonic and
hydrochloric acids, an action which does not take place with
perchloride of carbon ; and it is not casy to sce why the latter
substance should he more readily attacked by water when com-
bined with carbonic acid than when free. “T'his diflerence did
not escape the attention of Derzelius, and led him to distinguish
two modes of chemical union : (1) where the constituents were
held together by the electro-chemical force, and wholly or par.
tially neutralised each other, zs in the oxygen and sulphur salts ;
and (2) where a so-called *‘copula” was attached by an unknown’
force to a substance {without greatly modifying its chemical
activity, The distinction seems arbitrary; but it was not, as is
usually supposed, a mere artificial bulwark to protect the electro-
chemical theory ; it has a real and very important meaning, a
meaning which the development of the substitution theory enables
us to explain.

The phenomena of electrolysis, upon which the Berzelian
system is based, bring forward into great prominence oxe of the
chemical units, viz. the eguivalent ; and the pre-eminent position
of oxygen as the most electro-negative element made it most
natural to select the atom of oxygen as the standard of equiva-
lence, so that an equivalent of any element or radical was defined
as that quantity of it which is equivalent to one atom of oxygen.
Gay-Lussac’s law of gaseous volumes, which was adopted by
Berzelius, and which, by a curious accident, happens to be true
for all elements gascous at ordinary temperatures, led to the for-
mulee H, and Cl, for the eguivalenis of hydrogen and chlorine ;
but althcugh these formule explicitly indicate the divisibility of
the equivalents of these elements, this divisibility was not recog-
nised, and integral numbers of equivalents were alone tolerated.
Thus hydrochloric acid was written H,Cl,, ammonia N,H, &e.,
and the etymological meaning of the word atom was soon lost.
The use of barred letters to indicate two atoms or one equivalent
of such elements as hydrogen and chlorine further contributed to
hide the important fact of their divisibility.

The first great result of the substitution theory was to change
the unit of equivalence, and to take as the standard the atom of
hydrogen or of chlorine instead of that of oxygen ; and although
it would be most unjust to forget the services of Dumas, Gerhardt,
Laurent, and Odling in this matter, the credit of removing the
bars from H, Cl, and their comrades, and allowing the hitherto
chained partners to walk at liberty, undoubtedly belongs mainly
to our distinguished colleague and master, Prof. Williamson.

The establishment of the water type, or (to put it in another
form) the proof that the atom of oxygen contains two units of
oxygen, inseparably united but capable of separate action, led
the way to the explanation of all the difficulties which beset the
theory of radicals and copule. Itat once explained how two
oxides or two sulphides unite together ; * and the idea of ¢‘poly-
basic,” or, as we should now say, polyad atoms and radicals,
was soon used to explain the existence of polybasic acids, double
salts, acichlorides, and many other kinds of ternary compounds.

But a fact does not cease to exist because itis explained.
Quicklinie and water unite together, although we cau now explain
how they do so ; and a useful purpose may still be served by the
enumeration, as in the old dualistic formulx, of the pairs of
united equivalents. .\lthough some of these equivalents belong
to the same atoms, it is nevertheless true that they are united in
pairs.  Caustic potash might thus be formulated, KO}, HO} or
LKLO, THL,0) ¢ phosgene gas, 3(COy CCly); and chlorochromic
acid, 1(2Cr0,, CrCly).  ‘These formulx are not so well suited
for general use as these now current ; but the consideration of
them as accurate representations of facts may enable us to see
that the copul of bierzelius had a real and valuable meaning.
Take, for instance, the formula of acetic acid, 11,C—CO—OH,
or 1CH, (Co L, L0480, itis this last term which indicates
the coupled character of the compound. If we look upon acetic
acid as a compound of carbon, it is a coupled compound because

ce of double chlorides, bromides, &c.

It does not explain the existen ¢ )
AR, lar to the double oxides and sulphides,

These componti b, appar:ntly so simi
are sull unexplaimed,
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all the equivalents of carbon in it do not belong to the same atom,
and the two atoms of carbon are dircetly united together, and
replacement of the equivalents united to one of these atoms docs
not very greatly aflect the function or chemical character of the
equivalents united to the other,

I have perhaps spent too much of your time upon these histo-
rical questions.  Let us now shortly consider what is the present
state of our knowledge as to chemical constitution. T'his I have
already defined as the order in which the constituents are united
in the compound. We may indeed use metaphorical language,
and speak of the relative position of atoms, perhaps deluding
ourselves into the notion that such language is more than mcta-
phorical : but the phenomena of combination and decomposition,
although we cannot doubt that they depend solely upon the rela-
tive position and dynamical relations of the atoms, are not alone
sufficient to prove even that atoms cxist. Oyr knowledge of the
intimate structure of matter comes from another source—from the
study of the properties rather than of the changes of substances,
and of the transformations of energy which accompany the trans.
formations of matter.

This is strictlya branch of chemistry : the aim of chemistry is
to connect the properties of substances and the changes they
undergo with their composition, taking this word in its widest
sense ; and we must not allow our friends in Section A to cut
our science in two and appropriate the half of it. We all frankly
admit that chemistry is a branch of physics ; but it is so as a
whole—no section of it is more purely physical than all the
rest. To accept a narrower definition of chemistry is to reduce
ourselves to the position which the collector occupies among
maturalists ; it is to admit that it is our business to provide part
of the materials out of which a science in which we have no share
may be constructed by others. But we need mnot fear that this
so-called physical side of chemistry will ever be divorced from
the study ot chemical change. The names of F araday and
Graham among those who have left us, of Andrews among those
who are still at work, are sufficient proof of this ; and a study of
their researches will conclusively show that great results can
be looked for in this direction only from a physicist who is also
a chemist.

There are three special directions in which such investigations
have already influenced chemical theory :—1. Zlectrolysis, which
has confirmed the equivalent as a chemical unit, has proved that
equivalents unite in pairs, thus forming the basis of electro-
chemical theory, and has shown us how to estimate the amount
of energy involved in the union of a given pair of equivalents.
2. Vapour-density, from which Avogadro inferred the law of
molecular volumes (since proved by Clerk-Maxwell), which has
given us the molecule as a chemical unit, and formed the basis
of the unitary theory. 3. Specific /icat, from which Dulong
and Petit inferred their empirical law, which gives us the
most satisfactory physical definition of the atom as a chemical
mit.

We naturally turn to the future,
Dext great revolution will come. For although periods of quiet
have their use, as affording time for filling up the blank
schedules furnished by the last speculative change, such periods
have seldom been long, and each has been shorter than its pre-

sor.

But it is impossible to make a certain forecast : looking back,
Wwe see a logical sequence in the history of chemical speculation ;
and rio doubt the next step will appear, after it has been taken,
to follow as naturally from the present position.  One thing we
can distinctly see—we are struggling towards a theory of che-
mustry. Such a theory we do not possess. What we are some-
times pleased to dignify with that name is a collection of
generalisations of various degrees of imperfection,. We cannot
to a real theory of chemistry until we are gble to connect
the science by some hypothesis with the general theory of
dyﬂa.mics. No attempt of this kind has hitherto been made ;
and it is difficult to see how any such attempt can be made unjl
we know something in reference to the absolute size, mass, and
‘balpe of molecules and atoms, the position of the atoms in the
Molecule, and the nature of the forces acting upon them. Wlence
c@n we look for such knowledge ?

The phenomena of gaseous diffusion, of gaseous friction, and

€ propagation of heat through gascs, have already given us

A0 approximation to the size and mass of the molecules of gascs.

18 not unreasonable to supposc that a comparative study of

specific heat of gases and vapours may lead to some approxi-
mate knowledge as to the shape of their molecules ; and a com-

Panigon of such approximate results with the chemical constitution

and try to guess whence the
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will J.'ly the

of the substances may lead to an hypothesis whicl,
foundalipn ol a real theory of chemistry., '
Chemistry will then become a brancl of applicd mathemaicg -
but it will not cease to he an experimental science, Mathematics
may erable us retrospectively (o Justify results oltained by expc;
Timent, may point out useful Jijes of research, and even some-
times predict entirely novel discoveries, but will not revolutionise
our laboratories. Mathematical will not  replace (_'hcmic;ﬂ
analysis,
. We do not know when the change will take place, or whether
1t will be gradual or sudden ; hut no one who believes in
progress of human knowledge and in the consistency of Nature
can doubt that ultimately the theory of Chemistry and of al]

other Physical sciences will b absorbed into the one theory of
Dynamics.

SECTION E
GEOGRAPIIY
OPENING ADDRESS BY Tiir; PRESIDENT, MAJOR WiLson, R.E,

THE President of the Royal Geographical Society has so re-
cently delivered his anniversary address, that if I were to attempt
to trace the progress of geographical discovery during the period
that has elapsed since the meeting of the British Association at
Bradford in September last, T could scarcely avoid repeating
much that has already been said in far abler terms than I have it
within my power to command.  Still there are, at the present
moment, certain subjects of such very general interest and of so
much importance that they cannot well be passed over in any
address to the Geographical Section of the British Association.

It has, I believe, been usual in the addresses to this Section to
select some special subject for remark, and I will therefore, if
you will allow me, before alluding to the geographical achieve-
ments of the year, draw your attention to the influence which
the physical features of the earth’s crust have on the course of
military operations ; to the consequent importance of the study
of physical geography to all those who have to plan or take part
in a campaign ; and to the contributions to geographical science
that are due, directly or indirectly, to war, and the necessity of
preparing for war. To show how varied are the conditions under
which war has to be carried on, and how much its success‘ul issue
may depend on a previous careful study of the physical character
of the country in which it is waged, it is only necessary to remind
you of the recent operations on the Gold Coast, brought to a
successful issue in an unhealthy climate, and in the heart of a
dense tropical forest, where an impenetrable undergrowth, pesti-
lential swamps, and deep rivers obstructed the march of the
troops ; of the Abyssinian expedition, landing on the heated
shores of the Red Sea, and thence, after climbing to the lofty
frozen highlands of Abyssinia, working its way over stupendous
ravines to the all hut inaccessible rock, crowned by the fortress
of Magdala ; of the march of the Russian colummns across the
steppes and deserts of Central Asia to the Khivan oasis, one
month wearily plodding through deep snow, the next sinking
down in the burning sand, and saved from the most terrible of
disasters by the timely discovery of a well ; and, lastly, of the
great struggle nearer home, the last echoes of which have hardly
yet passed away, when the wave of German conquest, rolling
over the Vosges and the Moselle, swept over the various pro-
vinces of France. The influctice of the carth’s crust on war may
be regarded as twofold : first, that which it exerts on the generial
conduct of a campaign ; and, second, that which it exerts on the
disposition and movement of troops on the field of battle.  Mili-
tary geography treats of the one, military top. wraphy of the
other; and it is well to keep this broad distinction in view, for,
as with strategy and tactics, they stand in such close relation to
cach other that it is not alway~ casy to say where geosraphy ends
and topography begins,  Of special importance in the first case
are great incqualities or obstacles that confine or obstruct the
movement of large bodies of troops, and those features that
returd or aceelerate their march, The climate of the theatre of
warmust always hayve an important influence on military operations,
and should be the subject of careful study, Owr own expetience
the Crimea shows how much sutlering may be caused by want ot
forethought in this respect. General Verevkin's remarhable march
of more than a thousand miiles, from ¢ henburg to Khava, with the
thermometer ranging from 2y below zero to 100 ~without the loss
of a man, shows what m.y be accomplished with due prepara-
tion. Nor should the seological structure of a country be over-
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looked in its influence on the varied forms which the earth's crust
assumes, on the presence or otherwise of water, on the supply of
metal for repairing roads, :m:l, if we may trust somewhat similar
appearances on the Gold Coast, at Ilong Kong, and in the
Seychelles, on the healthiness or unhealthiness of the climate.
It is scarcely necessary (o remind you that though mountain
ranges and rivers materially affect the operations of war, they are
by no means insurmountable obstacles. The Alps have been
repeatedly crossed since the days of ITannibal; Wellington
crossed the Pyrences in spite of the opposition of Soult;
Diebitsch the Balkan, though defended by the ‘Turks; and
Pollock forced his way through the dreaded Khyber; whilst
there is hardly a river in the length and breadth of Europe that
has not been crossed, even when the passage has been ably dis-
puted. This is hardly the place to discuss the minuter details of
military geography and topography : they will be found in the
works specially devoted to the subject,

Queen Elizabeth’s Minister was right when he said that
“Knowledge is power;” and a knowledge of the physical
features of a country, combined with a just appreciation of "their
influence on military operations, is a very great power in war. A
commander entering upon a campaign without such knowlelge
may be likened to a man groping in darkness ; with it he may
act with a boldness and decision that will often ensure success.
It was this class of knowledge, possessed in the highest degree
by all great commanders, that enabled Jomini to foretell the col-
lision of the French and Prussian armies at Jena in 1807, and in
later years enabled a Prussian officer, when told that MacMahon
had marched northwards from Chalons, to point unerringly to
Sedan as the place where the decisive battle would be fought.
As, then, all military operations must be based on a knowledge
of the country in which they are to be carried on, it should never
be forgotten that every country contiguous to our own—and the
ocean brings us into contact with almost every country in the
world—may be a possible theatre of war, and that it is equally
the duty and policy of a good Government to obtain all possible
information respecting it. Is it with much satisfaction that we
can turn to the efforts made by this country to acquire that geo-
graphical knowledge which may Le of so much importance in
time of need? Though we had for years military establishments
on the Gold Coast, and thouzh we had more than once been
engaged in hostilities with the Ashantees, and might reasonably
have expected to be so again, no attempt appears to have been
made to obtain information alout the country north of the Prah,
or even of the so-called protected territories. The result was
that when the recent expedition was organised, the Government
had to depend chiefly on the works of Bowdich, Dupuis, and
Hutton, written some fifty years ago, and on a rough itinerary of
the route afterwards followed by the troops, for their information
relating to the country and its inhabitants. What advantage
has been taken of the presence of the officers who have been in
Persia during the last ten years to increase our knowledge of
that country—knowledge which would be very useful at present
in the unsettled state of the boundary questions on the northern
and north-eastern frontiers? 1low little has been added to our
knowledge of Afghanistan since the war in 1842? and what part
did India take in ‘T'rans-1limalayan exploration before Messrs.
Shaw and Ilayward led the way to Yarkand anl Kashgar? It
was with feelings of no slight satisfaction that many of us heard
last year that the policy of isolation and seclusion which India
appears to have adopted as the last soldier of Pollock’s relieving
force recrossed the Indus was at last to be broken, and that an
expedition well found in every respect was to be sent to Kashgar.
It seemed an awakening fiom the long stumber of the last thirty
years, during which we were content to stay at home in inglorious
case, resting under the shadow of the great mountain ranges of
Northern India, whilst we sent out mirzas and pundits to gather
the rich store of laurels that hung almost within our grasp.  Far
be it from me to depreciate the valuable services of those gentle-
men—ervices frequently performed at great personal risk and
discomfort ; but who can compare the results they obtained with
those that would have been brought back by Fnglish otiicers, or

by travellers, such as Mr. Shaw, Mr. Ney Flas, and others?

It has been said that if officers travelled in countries where Go-
vernment could no lenper protcet them, they might be kitled by
the natives, and that then, it the murders were not punished,
England would utler Toss of prestige. But s this the case 2 As
a matter of fact, the number of travellers who lose thair lives at
the hands of the native: ol the countiies in which they are tra-
vellimg is quite inigniticant when compared with the number of
hose who return in salety.  Let us, then, hope that the Kashgar
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mission may date the commencement of a new era, during which
geographical enterprise may bLe encouraged, or at any rale not
discouraged, amongst the officers of the army, and if few will now
deny that a knowledge of Ashantee, of Yemen, of the northern
and north-eastern frontiers of Persia, of Merv, Andkin, Maimana
Badakshan, and Wakhan, would have been of import,ance in lhc’
years just passed, it may not be forgotten that a knowledge of
these countries may be of still more importance in a not far dis-
tant future. May we not take a hint in this respect from our
now near neighbours in Central Asia, the Russians? No one
who has followed their movements can fail to have been struck
by the intense activity of their topographical staff--an activity
that can only be compared to that of England at the period when
Burnes, Eldred Pottinger, Wood, Abbott, Connolly, and others
whose names are ever fresh in our memories, were penctrating
into the wildest recesses of Central Asia. In alluding to the
contributions of war to geographical science, it is perhaps hardly
necessary to mention the very obvious manner in which military
operations teach us geography by directing our attention for the
time being to the country in which they are being carried on, or
to the direct results that have followed many campaigns from the
days of Alexander to our own. The Russians are indeed far in
advance of us in all that relates to those survey operations and
that geographical exploration which should always be carried on
simultaneously with the {advance of an expeditionary force into
an unknown or \but partially known country ; they have long
since realised the importance, almost necessity, of accurate geo-
graphical knowledge, based on sound systematic survey, and,
having learned in time the lesson that opportunities once lost
may never be recovered, make every effort to take advantage of
those that are offered to them. In the expedition against Khiva
each column had attached to it an astronomer and small topo-
graphical staff, whose duty it was to fix the geographical posi-
tions of all camps and map the route and adjacent country,
whilst officers on detached duty were instructed to keep itineraries
of their routes which might be fitted in to the more accurate
survey. On the fall of Khiva an examination of the Khanate
was at once commenced, and it was even thought necessary to
send Col. Skobelof, disguised as a Turkoman, to survey the
route by which Col. Markosof should have reachel the oas's.
It is much to be regretted in the interests of geography that
some such system was not adopted during the recent operations
on the Gold Coast, and that so little, comparatively speaking,
has been added to our knowledge of Ashantee and the protec-
torate. The conclusion of peace with King Coffee, and the
eftect that must have been produced on the inland tribes by the
destruction of Coomassie, appear to offer facilities for the exami-
nation of a new and interesting region which it is to be hoped
will not be neglected by those who are able and willing to take
part in the arduous task of African exploration.

The most important military contributions to geography have
undoubtedly been those great topographical surveys which are
either completed or in progress in every country in Europe
except Spain, Turkey, and Greece. Frederick the Great was, 1
believe, the first to recognise that in planning or conducting
operations on a large scale, as well as directing many movements
on the field of battle, a commander should have before him a
detailed delineation of the ground of a whole or part of the
theatre of war. To supply this want, Frederick originated mili-
tary topography, which, in its narrower sense, may be defined as
the art of representing ground on a large scale in aid of military
operations. It was found, however, that during war there was
rarely sufficient time to construct maps giving the requisite infor-
mation, and thus the necessity arose ot collecting in peace such
data as would enable maps to be prepared. In this necessity
may be seen the origin of all national topographical surveys, 1n-
cluding our own, which was commenced as a purely military sur-
vey in 1784 by General Roy, and transferred in 1791 to the old
Board ot Ordnance. The gradual development of these surveys,
and the various stazes through which they have passed before
reaching their present state of excellence, need not be noticed
here.  Side by side with the large establishments engaged in the
production of the topographical maps, there have grown up 1n
most countries extensive departments, sometines employing from
fifty to sisty oflicers, whose duty it is to supplement the maps of
their own and forcign countries by the collection of all informa-
tion of whatever nature that may be useful in time of war. Tll:e
brief interval that elapses between the declaration of war and t ;
commencement of hostilities,fthe rapid movements of armies, ant
the short duration of campaigns at the present, have shown more
clearly than ever the imperative necessity of previous preparation
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for wai ; and the publication of the great surveys of most Iuro.
pean countries has given an impetus heretofore unknown to the
studies I have alluded to, ‘

The progress of the European surveys, and especially of our
own, has becn marked by many results which have indirectly in-
fluenced the advancement of geographical science.  Such are the
improvements in instrument_s made during the progress of th’e
triangulation ; the introduction of the Drummond light, Colby’s
compensating bars, \c. ; the connection of the English and Con-
tinental systems of triangulation ; the pendulum obse_rv:'llmns at
various places : the measurement of arcs of t!xe mendlm}; the
comparison of the standards of length of foreign countries, of
India, Australia, and the Cape of Good Ilope, with our stand‘ard
yard, which has recently been completed at the Ordnance Sur-
vey Office, Southampton. 1In the same category may be placed
the improvements in the art of map engraving, in the applxcapon
of chromo-lithography to the production of maps as exemplified
in the Dutch process of Col. Bessier and the Belgian maps ; and
the employment of e]ectrotyping {o obtain duplicates of the
original plates.  The method of copying maps by photography
without any error in scale, or any distortion that can be detected
by the most rigid examination, was first proved to be practicable
and was adopted in the Ordnance Survey Department in 1354,
by Major-General Sir Henry James, for the purpose of facilitating
the publication of the Government maps of the United Kingdom
on the various scales. Since that date the hecessity of rapidly
producing, multiplying, enlarging, and reducing maps has tended
towards the development of the various photographic processes
which have been brought to such a high state of perfection.
During the last five years photographic nsgatives on glass cover-
ing an area of 10,071 square feet were produced at the Ordnance
Survey Office for map-making purposes alone, and from these
negatives 21,760 square feet of silver prints were prepared and
used in the various stages of the Survey. An area of 959 square
feet of the negatives was also used in producing 13, 595 maps on
various scales by the photosincographic process, which was also
introduced by Major-General Sir Henry James. It was by simi-
lar processes that the Germans were enabled to provide the enor-
mous number of copies of the various sheets of the map of
France required during the war of 1870-1. Any comparison of
the maps of various countries would necessarily occupy much
time, so I will only add that as specimens of engraving the
sheets of our one-inch map are unrivalled, and that no foreign
naps can compare for accuracy of detail and beauty of execution
with the sheets of our six-inch survey. Our great national Sur-
vey is the most mathematically accurate in Europe, and it speaks
much for the ability of the officers who have brought it to its
present state of perfection, that from the very first they recognised
the necessity of extreme scientific accuracy in their work, and
that they have never had to withdraw from the position they have
taken up with regard to the many questions of detail that have
arisen from time to time.

Before concluding this portion of my address I would draw
your attention to the appliances used in the minor schools of this
country for teaching geography, as they would scem to need some
improvement. The appliances to which I allude are models or
relief maps, wall maps, atlases, and globes. The use of models
352 means of conveying geographical instruction has heen too
much neglected in our schoolz,  If anyone considers the diffi-
culty a pupil has in understanding the drawing of a stearr-=ngine,
and the ease with which he grasps the meaning of the working
model, and how from studying the model and comparing it with
the drawing he gradually learns to comprehend (e latter, he
will see that 2 model of ground may be used in a similar manner
to teach the reading of a map of the same area, Reljef maps of
large areas on a small scale have their uses, but they are unsuit-
able for educational purposes on account of the manner in whicl

eights must be exaggerated to make them appear atall ; this
objection, however, does not apply to models of limited areas on
asufficient scale, which always give a truthful and effective repre-
Sentation of the ground. One reason why models have not heen
more used has been their cost, but the means of constructing
them with ease, rapidity, and at slight expense, are quickly ac.
@mulating as the six-inch contoured sheets of the Ordnance
Survey are published.  Instruction in geography should begin at
ome, and I would suggest that s the six-inch Survey progresscs
tach decent school throughout the country ._91101}1(]_ be provided
With 2 model and a map of the district in which it is situated, |f
this were done, the pupils would soon learn to read the model,
having once succeeded in doing this, it would not be long
before they were able to understand the conventional manner in
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which topographical feafyyes are represented on a plane sirfaces
and acquire the power of reading not only the map of their own
neighbourhood, but any Map which was placed hefore them. |y
our wall maps I think . have bheen too much inclined to pa
attention to the boundaries of countrics, and to neglect (he
general features of {le ground. 1t is difficult (o say whether the
maps have Ijollo.wed the teachers or (he teachers the maps, hut |
fear instruction in Physical geography too often comes after that
1 political geography, instead of o knowledge of the latter Lein
based. on a knowledge of (1,e physical features of the earth. My
meaning may perhaps he explained by reference {o a wall map
probably well known to cveryone, that of Palestine, which fre-
quently (lisﬁgqrcs rather than ornaments the walls of our school-
rooms. In this map there are usually deep shades of red, yellow,
and green to distinguish the districts of Judea, Samaria, and
Galilee, and perhaps another colour for the Trans-Jordanic
region, with a number of Biple hames inscrted on the surface
whilst the natural features are quite subordinate, and somelimes
not cven indicated. There js perhaps no hook that bears the im-
press of the country in which it was written so strongly as the
Bible ; but itis quite impossible for a teacher to enable his pupils
to realise what that country is with the maps at present at his
disposal. The first object of a wall map should be to show the
geographical features of countries, not their boundarics, and for
this purpose details shoulq be omitted, and the grander features
have special attention paid to them. Tn school atlases the same
fault may be traced, physical features being too often made suls.
ordinate to political divisions ; and there is also in many cases
a tendency to overcrowd the maps with a multitude of names
which only serve to confuse the i i i
from the main points. "The use of globes in our schools should
be encouraged as much as possible, as there are many physical
phenomena which cannot well be explained without them, and
they ofter far better means of conveying a knowledge of the rela-
tive positions of the various countries, seas, &c., than any maps,
The great expense of globes has hitherto prevented their very
general use, hut some experiments are at present being made
with a view to lessening the cost of the construction, which it ig
hoped may be successful. I cannot pass from this subject with-
out alluding to that class of maps which gives life to the Iarge
volumes of statistics which are accumulating with such rapidity.
On the Continent these maps are employed to an cxtent unknown
in this country, both for purposes of reference and education,
and they convey their information in a simple and effective
manner.

I will only detain you to notice briefly a few of the most im-
portant geographical events of the vear, and foremost amongst
these ranks the publication of Dr. Schweinfurth’s work which
every one has recently been reading with so much interest and
pleasure. Dr, Schweinfurth, who received the Founder's medal
of the Royal Geographical Society this year, is, I am happy to
51y, among:t us at present, and has contributed a valuable paper
on the oases of the Libyan Desert.

Lieut, ¢ ameron, RN, has reached Ujiji, and extracts from a
journal which he has sent home will be read to you. The olser-
vations which he has made ore of high value, and the presence
of a trained surveyor on the shores of Lake Tanganyika cannot
fail to be followed by great results. A short report of 1y, Nach-
tigall’s travels has hoen prepared for this Section v and Dy, Rowe,
who acted as Chief of the Staff fo Sir John Glover daring his
recent operations on the Gold Coast, will read an interesting
paper on the country passed through on the march to OoMassie
and thence to the coast. Two Lngineer oflicer-, Lieuts. Watuon
and Chippendale, have recently lert England to join Col, Gordon
at Gondokoro, with the special ohject of surveying (hctcrrilnrynvqr
which Col. Gordon has been appointed Governor byvihe KK hedive,
In Algeria the I'rench have been actively engaged on the survey
of the country, an.d the exact level of the Choltmil- Rhir has heen
determined. ~ Mr, Stanley s second expedition to the east cog
of Africa, under the anspices of an Foglish and \metican new-..
paper, shoulld not remain unnoticed, and 1 canne Pass 1o
Africa without expressing my dq ¢poregret at the death of D,
Leke, whose travels in \bhy-sinia wore rewarded by the ¢l
medal of the society, and whose obsery ations in that
were, for their gread aceuracy,
Abyssinian war,

The survey of Palestine, a work waich Ts been il Ly o dis-
tinguished Ganan geographer to mauk th conmencement of o
New erain geograplical vesearch, is proqressing favoueably, o
has led 10 the lormation ot an Nmerican suciety tor the explora-
tion of the country cast ol Jordan, and of 1 Germay society fi.p

) cmmtry
ol so much serviee during +
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the exploration of Pheenicia. The Rev. Dr. Porter, from whose
labours in Palestine cveryone who has visited or takes an interest
in the country has derived so much profit and pleasure, will read
a paper on the lesser known parts of kastern Palestine, which
he has recently visited ; and a paper on the progress of the survey
has been prepared by Lieut. Conder, R. ].u.,_lhe officer in charge.
Our own survey is, | regret Lo say, languishing for want of funds,
whilst that of the Americans is receiving that support from the
people which it deserves ; the serious loss which the fund has
experienced in the death of Mr. Drake, who recently succumbed
to an attack of fever at Jerusalem, and who had previously
devoted his best energies to the work, must be still fresh in your
memories. Licut. Gill, R.E., who accompanied Col. V Baker
last year on a tour to Meshed, :1.nd. the head waters of the Atrek,
has prepared an accour.xt. of their journcy. Some most interest-
ing particulars of the visit of a portion of Mr. Forsyth’s mission
to the Great Pamir and Wakham have been kindly supplied by
Col. Biddulph, R.A., from letters received from his brother,
{*apt. Biddulph. The success of the party has, however, been
purchased by the loss of Dr. Stoliczka, who died from the effects
of fatigue and exposure within a few marches of Leh. Mr.
Delmar Morgan has preparel a very valuable paper on Russian
travels in Central Asia in the 15th century. Mr. MacGahan,
the correspondent of the New York Herald, whose remarkable
journey across the Desert to join General Kaufmann’s column
when marching on Khiva astonished the Russians, has for-
warded some interesting notes on the Russian expedition
against Khiva,

In Australia the great geographical event of the year has been
Col. Warburton’s journey from Alice Springs, near Mount
Stuart, on the line of overland telegraph, to Roebourne, in Nichol
Bay, for which he was awarded the Patron’s gold medal of the
Royal Geographical Society. Such particulars of the journey as
have been forwarded to me through the courtesy of the Colonial
Office and of Mr. Dutton, the Agent-General for South Australia,
will be communicated to you.

In America, whilst the coast and inland surveys have been
progressing, Dr. Iaydon, who was the first to disclose to us the
strange beauties of the Yellowstone region, has been engaged in
exploring a country equally wild and picturesque, the eastern
half of Colorado. Other exhibitions have been doing good ser-
vice in the Yellowstone country, Arizona, Oregon, and the
Aleutian Islands, amongst them one sent out by Yale College,
which, besides exploring new country, brought back five tons of
specimens from the great fossil beds of Oregon and other places
for the college museum. I cannot help thinking that in sending
out these expeditions—for this is only one of a series—for the
examination of the geography, geology, botany, zoology, &c., of
some special district, Yale College has set an example which
might well be followed by our own universities, and that Dublin,
Oxford, and Cambridge might take more part than they have
hitherto done in what may be called scientific exploration in the
field. My old friend and fellow-traveller, Capt. Anderson, R.L.,
has Leen engaged as chief astronomer of the International
Boundary Commission in running the 49th parallel through the
unknown country between the Missouri and Saskatchewan, and
a short account of the demarcation of the parallel and the country
it passes through will be read to you. In the south, Commanders
Lull and Selfridge have found practicable routes for ship canals
from Greyiown, by Lake Nicaragua, to Drito, on the Pacific,
and by way of the Atrato, from the Gulf of Darien, to a point
near Cupica, on the Pacific; the cost of the latter is estimated at
twelve million pounds. In South America Prof. Orton has
been extending our knowledge of the Amazon country ; and I
may mention the activity which the Peruvian Government is
showing in promoting the cyploration of the little-known dis-
tricts of Peru.  Mr. Hutchinzon, late her Majesty’s Consul at
Callao, has forwarded a paper on the commercial, industrial, and
natural 1esources of Peru, which will be found to give much in-
teresting information on that country.

Dr. Carpenter will, 1 hope, ¢ive us some account of the cruise
of her Majesty's ship Challenper, which cannot fail to interest

the people of this town, from I'of. Wyville ‘Thomson's former
connection with it. Capt, Wanen, RUEL, whose name is so
well known fiom hiv work at Jerusalem, has forwarded a valu-
able paper on recomissance n unknown countries 3 and ¢ apt.
Abney, R I, will e one on a subject which he has made

peculiatly his own -the application of photography to military
purposes, M. Massnoir, the searctary of the French Geogra-
phical Socicty, has forwarded a paper on the objects sought to
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be obtained by the International Congress to be held at Paris in
the spring of next year.

I regret that T am not able to give any definite information on
the probability of Government assistance to Arctic exploration
but I understand that the impression produced on the membcr;;
of the dcputation which recently had an interview with the Prime
Minister on the subject was that he was not unfavourable to such
assistance. Admiral Sherard Osborn has kindly forwarded a
paper on routes to the north pole, and Licut. Chermside, R. I
who accompanied Mr. Leigh Smith on a very remarkable,voynéé
last year to Spitzbergen, will read an account of the discoveries
they were enabled to make. The reports of the officers of the
Polaris have been published, expressing contradictory opinions as
to the possibility of their having been able to reach a higher
latitude.  As regards the general subject of Arctic exploration
there can, I think, be no doubt that that by Smith’s Sound woulé
yield the most important scientific results, and would offer great
facilities for reaching the Pole itself. It should not be forgotten
that all recent Polar expeditions sent outifrom this country have
been despatched with the special object of ascertaining the fate
of Sir John I'ranklin, and that discovery was not a principal
object. 'When, too, we consider that in these expeditions Arctic
travel was [reduced to a very perfect system, that theYdistance
from the point reached by the Polarss to the Pole-is less than
has already been performed in some of the sledge journeys, and
that no life has ever been lost on a sledge journey, it is impos-
sible to doubt that a well-organised expedition would be able to
reach the Polar area. In the words of a well-known Arctic
explorer, ‘ What remains to be done is a mere fleabite to what
has already been accomplished.” Morton, the second mate of
the Polaris, says, as the result of his third voyage, that he is
more than ever convinced of the practicability and possibility of
reaching the Pole ; and if I may express my own opinion, it
would te in the words attached to a picture at the last exhibition
of the Academy in London, ‘It is to be donme, and England
ought to do it.”

REPORTS.
Report on the Rainfall of the British Isles for the years 1873~74.

We extract from the report the part relating to the rainfall of
the British Isles during the years 1872-73. The very exceptional
character of the rainfall of 1872 was mentioned in our last report,
but in accordance with a custom which has now prevailed for
twelve years, it was only incidentally referred to, the details being
deferred until the two years 1872 and 1873 could be published
together. This course, which was originally adopted with a view
to economy in printing, has in the present instance had the fortu-
nate result of bringing together two very remarkable features of
each, of which we must speak separately.

Rainfall of 1372.—Records of rainfall have been collected and
discussed in our previous reports, which enable us to compare
the total fall in any year from 1726 to the present time with the
mean fall. One of these tables (that facing p. 286 |Brit. Ass.
Report 1866) contains nine long registers, extending over 140
consecutive years, but the greatest excess even at a single station
was only 58 per cent. (at Oxford in 1852). In 1872 this value
was largely exceeded at a number of stations, as is shown by
Tables 1. and II., whence it appears that at fourteen stations out
of 115, or 12 per cent,, it exceeded this previously unparalleled
value. At thirteen the excess was greater than 60 per cent., and
it reached or exceeded 70 per cent. at the following stations :—

Shropshire, Shittnall Rainfall 77 per cent. alove average 1862-69.

. Shrewsbury »» 75 o ”»
" Hengoed, Oswestry 70 " »
Northumberland, Bywell " 77 " »
Haddingtonshire, Fast Linton " 7o ”» »
Aberdeenshire, DBraemar » 78 » »

No similar falls have occurred since 1726, and there is no evi-
dence of such a fall since rainfall observations were commenced,
nearly two centuries ago.  Full detailsrespecting the monthly fall
of ram in this very remarkable year are given in the appendix to
this report, and we think it may be regarded as fortux!ate that so
remarkable a fall has occurred at a period when, owing lgrge!y
to the operation of this committee, the system of observation is
in a state unprecedentedly near perfection.? . )

The Rainreil oy 1873.—1f this year had stood by itself it would
merely have been classed as a rather dry year, and would have
soun passed into oblivion, Coming, however, immediately after
such an eaceptionally wet year, 1t has prqduceq the unus
result of giving two consecutive years, one with twice the rainfall
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{ of the other, and in many instances with much morehthan twi]cc. SIR WILLIAM FArk5a1 N, B,
' How rare is this occurrence may he judged from the fact that | ;, his eighty-fifth year, havi, rl velso, in Scoll. i
kg ! there is no case in the 140 years' table just referred to.l The | 1789 %tht Sir }{Vilihmvh]fs :fs:ebt(:)n%:; I\db(:; m 'Sw”'r“"]’ m
gy _Ch . N 86 inch PR 9. ' N g h mprove the many acture
N :l ?;ﬁ;;gl:,mthihfzmx be(i'nguss;v;retx!)’cel::t:Ig?fl’xéglattterf Aes;tilﬁ | of iron is w?ll. known. 1Ife was one of the founders of the
e nearer approach occurred at Cobham, i, Surrey, in 1851 and Brm§h A§s9c1atlon, and was its president in 1861.  Many papers
.?:‘,M * 1852, when the totals were 1738 and 34°19 inches respectively, | by Sir William appeared ions, i
RN the former being 51 per cent. of the latter. In Table IL no cases | the Reports of the British Associati i T i
L are admitted unless much more striking than the above. The of the ll’hi]oso vhical Societ fsc;\;nuc;]n, and 12 the 'Imp sactions
hb‘"‘? districts in which these exceptional ratios occur are (as might be however - pheat: Yo Manchester. - Some of his works,
o expected) principally those. in which (he oot 1 1872 was | lowever, were also published separately.  Among his chief pro-
M;C;.; greatest, but there are also a few of which tha explanation is not | ductions may be specified treatises on ““ Canal Navigation,” on
i{nmm so obvious. It is very s:}lisfactory to feel that these two excep- | “The Strength and other Propertics of 1ot and Cold Dlast
< bige . }iortul ’;eamo};a:gs eg‘?:;?o::liglﬁll}.&%srl;dIs]es the most nearly per- Iron,” on “The Strength of Locomotive Boilers,” on “The
\ ect system of orid. . . Strength of Iron at Differ ures,” on “ The |1
ol ! Y:ﬁ committee cannot close their report without expressing as Rep gt loMr;)tr.l 2t Di le1e1]1 ¢ Tcr‘npcratures,‘ on "1 hs lﬂe‘ct of
age far as words can do so the loss which they have sustained in the | _-cPeated Me 78 upon the Strength of Cast Iron,” on “The
¥y death of Prof. Phillips, one of the original members appointed Ir'ons of Great Britain,” on “ The Strength of Iron Plales and
im ) in 1865, who, notwithstanding the numerous other demands upon | Riveted Joints,” on “ The Application of Iron to Building Pur-
K%Ihm ,f his time, was always as willing as he was able to assist the com- | poses in General,” on “ Usefy] Information for Engineers,” &c.
3 oy mittee in any of the various difficulties which the extent of their
WAy | operations inevitably involve,

y FLRUS. died on the 1o iinst

b | IT is stated that the Crown has appointed Mr, John Ferguson,
Etkdg i Preliminary Report on Dredoing on the Coast of Durlam and | M.A., to -the chair of Chemistry in Glasgow University, vacant
o North Yorkshire. ) . . by the retirement of Dr. Thomas Anderson.

g The dredging off the coasts ‘of Durham and North Yorkshire, T .

likegy; |  provided for by a grant from the British Association last year, HE subscriptions announced up to Saturday last on behalf of

wm i | Wascarried out during the week beginning on the 13th July. A | the University of Edinburgh Buildings Extension Scheme amount

i suitable vessel was engaged, and being on the whole .favou'red t0 69,017/. The total sum required from the public is 100,0007,
0 s by the weather, we dredged every day until the 18th inclusive. :
d:x; | During two days the RUA. M. Marman accompanied us, We i : Yo s s . . .
wl, were indebted to him for valuable assistance in naming some of Tie Council of the Ray Society, in presenting their Tl.mty-
my o specimens, as well as for kindly undertaking to report on first Annual Report, Fongratulate the m'ember§ on the continued
_‘l“PE‘f: some sections of the work, prosperity of the Society. The arrears in the issue of the annual
‘21[\"‘@{"5“' On two days out of the six the sea was too rough to allow volumes, long a cause of much inconvenience, have been at

of the dredges being worked very successfully, and one dredge length overcome. Since the last meeting, at Bradford, two
was unfortunp.tely Jost by getting fast on hard ground while a volumes, those for the years 1872 and 1873, have been distributed ;
very strong tide was running, but with these exceptions the work . : . .

was carried out satisfactorily, The dredging ranged from near | 2 third volume, that for the year 1874, is finished, and will le
wi'yy ) Tynemouth, on the north, to Scarborough, on the south, the water | issued in October. The volumes for the years 1872 and 1873,
yriig|  Yarying in depth from 20 to 45 fathoms, the greater portion of consisting of the first part of the British Annelids, by Dr.

] the time being devoted o a belt known to fishermen as the Mclntosh, although containing less text and fewer illustrations
o | “inDer fishing bank,” lying from four to eight miles from the

. than in some of the previous memoirs, Lave been in the matter
wd-| Shore. One day, however, was spent at the greater distance of f vroduct; I tly. The very beautiful plates, printed
wige | thitty to forty miles from shore, and another day at a distance of | O Production equally costly. e very beautilul plates, printe
“‘n‘m about seventeen miles, in colours by lithography, required many stones for their proper
mhm Time has not allowed of anything more than safely to] pre- | development, and necessitated a corresponding outlay. The

din | Serve and arrange our captures. . On a future occasion we hope

A ] volume fcr the present year, on the Spongiadw, by Dr. Bower-
to give a full account of the results obtained,

bank, completing the series on that subject, and, illustrated by
— ninety-two plales, is also a wost excellent example of work both

~——
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- : on the part of the artist and the lithographer. s the cost of
l;g?;f NOTES this volume has been in excess of the yearly income, it is hoped
'.;E,-Z._Ai THE final programme of the Oriental Congress, to be held in | that o considerable addition of subscribers will justify the money

szs.  London next month, was settled on Tuesday ; we hope to be able cxpended. The proposition alluded to in the last Report, vic,
#| 10 say something about it next week. that of reducing the price of ceitain of the earlier works of the

M. ALLUARD, director of the Meteorological Observatory Society, has be.en much appreciated by the members, and has
which is being erected on the Puy-de-Dome, regrets that, owing to I)r?ved a ﬁnancTnl suecess. It has been suggested th.nt l]_u: ma-
the backward state of the works, the building cannot be opened in chinery ,Of the Society might Le moreﬁlarge]y em\p]o.) ed m the
the end of September, as was expected. It is hoped, however, pr(?dl.lcuon of Monographs on the'F.‘.Luna':}ml I lc_nf"t of Great
that the work of the Observatory will be commenced before Britain ; the Counc1.l Alhereforc solicit aswistance tmm“n}uhmx
g vinter, The construction of the telegraphic line which will con- wh-o possess the requisite kno\\’lcdge-and “]‘9‘ may .I‘C_ “IAI“”EI to
nect the station on the plain at Clermont with the station on the aSSlS.t in the undc.rt.'qkmg. In conclu-ion, tth Council, in (Trn.x. rto
simmit of the Puy-de-Dome has been completed. The formal | °Ptain funds sufficient to carry out lh.c.oluccts of ll:v. Sociely,
inauguration will take place next summer. One main cause of | UEC Upon members the neeessity of gaining re v subscriters,
the delay is owing to the fabulous prices demanded by the small
y# | Poprietors through whose lands the approaches to the Observa-
g3 | 'y must be made ; no blame whatever for the delay can be
o § Mtached to the staff of the Obscrvatory.  The Government
' tuthorities, central and local, have shown the greatest zeal in
' § forwarding the construction of the works.

. IN an address recently delivered before the Dullin Olste.
trical Society, Dr. Lvory Kennedy discussed the developnent
and spread of scrofula from an evolutionary point of view. This
is an aspect of hereditary disease which admits of much «sten.
sion 5 one which requires & much Lucer accumulation of SRUTS
tics than we yet posseas, and a far deeper insight into the phy-

The Emperor of Austria has conferred the decoration of siological baci. of pathology than we can expect for sote tine
Knight of the Order of the Iron Crown, with a patent of here- | to come, ‘There is one argument brought forward by Iy Ken-
ditary nobility, on Dr. Julius von Ilaast, director of the Museum | nedy that deservi s especial attention, which i, that as ~cratula
°fClnterbury, New Zealand, in recognition of his eminent tends to carly death, or the production of a fow carly dyiny
Kientific merits and attainments, offspring, the fact that it is not Jiminishing inits ravages p ooy«
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that 1t is hcing continually developed de 1oz by surrounding
Is this not a sufficient stimulus for increasced

circumstances,
sanitary legislation?

Tnr Governor of Minnesota has called on the general Go-
vernment for aid, as, owing to the ravages of grasshoppers for two
years past, many thousands are suffering for want of food. The
American naturalists suggest that the grasshopper should be
eaten, just as it is in portions of Africa and Western Asia.

The new Minister of I’ublic Instruction visited the Observa-
tory of Paris last week, and expressed his satisfaction to M.
Leverrier with what he had seen and with the explanations
which had been given to him.

THE ownership of the grounds between the old Paris Olser
vatory Gardens and the Boulevard Arago, more than two acres:
has Leen disputed between the Government and the city of Paris*
The right of the city was acknowledged, but the Municipa1
Council have let it to the Observatory for the nominal rent o
20 francs a year. On these grounds a magnetic service is to
be established.

Two interesting balloon ascents have taken place in America
lately, one at New York by Prof. Donaldson, with his large
Transatlantic balloon, and a batch of reporters from several in-
fluential papers at New York. The trip, including four landings,
lasted more than twenty-four hours, and ended in the vicinity of
Saratoga, the balloon having run a distance of about eighty
miles. A few days afterwards Prof. Wyse executed an ascent in
Canada, in order to ascertain if a western current blows in the
upper parts of the atmosphere when the lower stream of air is
running in another direction, At a moderate height the
western current was met with. Prof. Donaldson contends that it
is a consequence of the revolution of the earth, and can be
trusted to for crossing the Atlantic from America to Europe.
But can these partial experiments be really relied upon? That
remains to be demonstrated.

ONE of the very few scientific members of the Versailles
Assembly has departed. M. Fland, an engineer, died at Dinan,
where he was appointed Mayor seventeen years ago. Ile had an
engine manulactory at Ires(, and was appointed by contract the
constructor of the celebrated Giffard injector. M. Fland was
originally a pupil of the Ecole des Arts et Mdtiers d’Angers.

Mre. Tuomas Muag, M., F.RS.IE, Assistant Professor of
Mathematics in the U niversity of Glasgow, and author of some
original investigations in Mathematics, has been appointed suc-
cessor to Dr. Bryce in the Mathematical Mastership of the High
School of Glazgow.

Muz. Ciiakres Moonr, the Garden states, who recently brought
a good many valuable and very novel plants to this country from
the South Sea Islands and Australia, returns to Sydney by the
next mail, having visited many of the best botanic gardens and
nurseries in Furope, and sclected an immense collection  of
valuable and rave plants for the Sydney Botanic Garden, which
is said to be one of the mo t beawtiful in the world,

We learn from Zron that the Academy of Scicnces of Berlin
offers a prize of 200 dols., payable in July 1870, for the best
essay recording experiments as to whether changes in the hardness
and friability of steel are due to chemical or phiysical causes, or
to hoth.
be sent in befare Marceh 1870,

Papers in Genman, Latin, English, or Freneh, are to

Tk Report of the Councilof the ©eicester Literary and Philo-
rophical Society, presented at the annual meeting of June 15 L,
The Society contains a Luge
numbor of members, ol iy working in the right ditection in

oo the wholo vory pratitying,

trying 1o interesd not only the members, but the inhabitants of

Leic ey pevendly, in seience as well as literatwre. During last
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winter a very judiciously planned course of lectures was delivered
in conncction with the Society, which was fairly attended, and
would, we believe, have been still better attended, had there'been
no free seats. The Society is divided into sections, three of which
are scientific—(1) Metcorology and General Physics, (2) Geology
and Palaontology, (3) Natural History. Satisfactory reports
are given in Nos. I and 3, the latter having set itself to the
collection of statistics of the natural history of the county, and
the former, among other things, to a regular series of meteor.
ological observations. 'We hope the Leicester Society will perse-
vere in its work.

W have reccived as No. 1 of the “‘Proceedings of the Chester
Society of Natural Science,” a very excellent list (with remarks)
of birds observed in Werral, Cheshire, by J. F. Brockholes. The
list contains 168 species.

Tie Seventh Annual Report of the Trustees of the Pea-
body Museum of American Archwxology and Ethnology
(Harvard) contains some account of the valuable series of objects
connected with South American and Pacific archxology and
ethnology, which the late Prof. Agassiz acquired during his
voyage in the Auss/erin 1871-2, and which have been trans-
ferred to the Peabody Museum. The collection is very valuable
and comprehensive ; there are 330 specimens of Peruvian skulls
alone. The Report contains a very ingenious paper, apparently
by Mr. J. Wyman, the Curator, On the human remains in the
shell heaps of the St. John’s River, East Florida, in which the
author argues, from the condition of the bones and other cir-
cumstances, that the Floridan aborigines were in all probability
cannibals,

ONE of the many valuable results of the work of the U.S.
Geological Survey of the Territories, is a “ Synopsis of the Flora
of Colorado,” by T. C. Porter and J. M. Coulter. This work is
intended to be a type of a series of handbooks of different
branches of natural history, to be published from time to time as
a part of a series of ‘‘ Miscellaneous Publications ” for the use of
students. No. 3 of the series is nearly ready, and has been
prepared by the eminent ornithologist, Dr. E. Coues. It will
form an octavo volume of several hundred pages, bringing the
whole subject of western ornithology up to date.

A PAPEEK by Dr. I1. D. Schmidt, of New Orleans, U.S.A.,
On the construction of the dark or double-bordered nerve-fibre,
occupies 2 large part of the last number of the Jlicroscopic
Fournal, and is illustrated by three plates. Inthe same number
is the first instalment of a communication by Rev. S. J. Brakey
on the theory of immersion.

THE additions to the Zoological Society’s Gardens during
the past week include two Chukar Partridges (Cacabis chukar)
from N. W. India, preseated by the Ion. Justice Jackson ; four
Sandwich Terns (N cantiaca), four Avocets (Recurcirostra
arocctte), Luropean, purchased; a Common Crowned Pigeon
(Gonria coron:2:), two Bronze-winged Pigeons (Z%aps ~halcoplera),
hatched in the Gardens ; a Black-cared Marmoset (//zalc peni=
cilata) from Brasil; and two Suricates (Swricala senif) from
South America, deposited.

e ——— e

FRENCH ASNOCIATION FOR THE PROGRESS
OF SCIENCE
’I‘Illi Lillec Scssion was opened on Aug. 20 b)’,the
address of M. Waurtz, of which you have received
a copy, and which has been published in all the French
papers. The /)ééats, by an extraordinary access of zeal,
published it a day before it was delivered ! .
On Friday Colonel Laussedat read at a general session
a report on the results of the last session.
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On Saturday evening a lecture on the Transit of Venus
was delivered by M. Faye, before a very large audience
at the Cercle du Nor y & magnificent building, richly
fitted up. The accomplished astronomer referred mostly
to the arrangements at the French stations, dcepl)( re-

tting that all civilised nations hqd not l_)ecq united
into a kind of federation for working in combination at a
problem of such magnitude ; he hopes that it will be so in
1882, He insisted upon the importance of photography,
which has been used to such good purpose by the
Americans, and he trusts that in future times photography
will take the lead in such observations, He' gave inter-
esting details as to the Yokohama_ station, towhich a Japan-
ese prince educated in France will be attached as a photo-
grapher. The consequence will be that M. Jannsen and
his associates will be admitted into the interior sea of
Japan, where, up to the present moment, not a single
foreign vessel has cver sailed. . N

Owing to the coincidence of the meeting of the British
Association at Belfast, scarcely any English sawvans are
present here. The only British member I have seen up
to the present moment is Dr, Sylvester, the celebrated
mathematician. He has been nominated the honorary
president of his section, the acting president being M.
Catalan, who, though a F renchman, is regarded as a
representative of Belgium, Ten years :ago he settled in
Liége, where he is a professor in the University.

The interest felt by the people generally is not nearly
so great as in the case of the British Association in
England. The inhabitants of the city do not appear to
understand fully the extent of the honour conferred.o_n
them. A Zrain de plaisir has been organised to visit
distant workshops, but Lille workshops have not been
opened for inspection. ' )

Newspapers are glad to publish the transactions of the
several sections, but the Association has not authorised
any one of them to publish them at full length, .

Last Saturday a most interesting experiment was tried
with success on the Northern line. M., Giffard, the in.
ventor of the injector, has constructed a new waggon
which is suspended by powerful springs at both ex-
tremities, thus completely avoiding oscillation. It is
very easy to read and even to write in these new carriages,

he invention will be exhibited very shortly to the
English public, W. DE FONVIELLE

Lille, Aug. 23

OPENING ADDRESS BY THI PRESIDENT,
M. WURTZ, AT THE MEETING OF THE
FRENCH ASSOCIATION

The Theory of Atoms in the General Conception of the
Universe

FRANCIS BACON conceived the idea of g socicty of
men devoted to the culture of science. In his ¢ New
Adlantis,” in which he describes the organisation of this society
and its influence upon the destinics of a wisely governed people,
be shows it rising to the dignity of a State institution. The pro-
gress of civilisation by the searca for truth, and truth discovered in
the order of nature by experiment and obscrvation—sucly arc the
ends proposed and the means made use of, . Thus, in an age
When the syllogism was still supremc, and which was firmly held
beneath the scholastic yoke, the Inglish Chancellor assigned to
science at once its true method and its mission in the world,
e plan of Bacon c¢mbraced all branches of human knoy-
e. The land was overrun by a multitude of observers, en-
gaged, some in studying the monuments of the past, the lan-
g8age, the manncrs, the history of the nations ; others in
observing the configuration and ' the productions of {he soil,
oting the superficial structure of the globe and the traces of its
l!volutions, collecting all the data concerning nature, the organi-
fttion and distribution of plants and animals.  Other meu,
ted in various regions, cultivated the exact sclences. T'owerg
Were constructed for the observation of stars and meleors ; vast
ifices, arranged for the study of physical and mechanijca] laws,

‘*\
contained machmes.which supplied the deficiency of oy forces
and instruments which added to the precision of (he sen-cs and
rendere_d abstract demonstrations sensible, "T'his inim Nee lﬁl><)11r
Was uninterrupted, co-ordinated, controlled ; it had is Orivin in
self-abnegation, it was regulated |y precision, and had {ime for
its sanction.  Thus was it Nraigfyl,

Such was the idea of Francix Bacon. To observe all things ;
by the rational comparison of these obscrvations to disclosc the
]nddc.n connections of 1>hcnumum, and to riwe by induction to
the discovery of their real natyre and their causes, all with the
view ‘f of cxtendlpg the empire of man over entire nature, and of
executing everything possible for him to o ;7 such is the object
which he has pointed out (o ys s such is the function of science,

This great exploration of the carth which he desired to institute,
this patient and exact research of the laws of the universe, this
deliberate intervention of science in the affairs of Ife and of
the universe,—could all this be the work of his own time? I{e
knew it too well to venture to hope it himself, and it is on this
account, doubtless, that he placed the fortunate country which
enjoyed so noble an institution in the solitude of {lic great
ocean.

Two centuries and a half ago the conception of Bacon was
regarded as a noble utopia ; to-day it is a reality. That magni-
ficent programme which he then drew out, is ours, gentlemen ;
ours, not in the narrow sense of the word, for I extend this pro-
gramme to all who, in modern times and in all countries, give
themselves to the search for truth, to all workers in science,
humble or great, obscure or famous, who form in reality, in all
parts of the globe and without distinction of nationality, that vast
association which was the dream of Francis Bacon, Yes, science is
now a neutral field, a commonwealth, placed in a serene region,
far above the political arena, inaccessible, I wish I could say,
to the strifes of parties and of peoples; in a word, this property
s the patrimony of humanity, " 1t js, too, the principal conquest
of this century, which my illustrious predecessor characterised,
with so much justice, as the century of science.

Modern generations are spectators, indeed, "of a magnificent
spectacle.  For a century past the human mind has directed an
immense effort to the study of the phenomena and the laws of
the physical universe. Hence an astonishing development of all
the sciences founded on observation and experiment. New ideas
which have arisen in our days in the correlation and conservation
of forces have been like 2 revelation to some of these sciences,
Mechanics, physics, chemistry, physiology itself, have found at
once a pointd’appui and a bond of connection.  And this power-
ful flight of ideas has been sustained by the progress of the
methods, T should say by the more careful exactness of observa-
tions, the perfect delicacy of experiments, the more rigorcus seve-
rity of deductions. These are the springs of this movement which
hurry along the sciences, and of which we are the astonished
and moved witnesses. It is to propagate it broadcast over our
country that we hold, each year, this parliament, to which are
invited all who take part or are interested in the war against the
unknown. Science is indeed a war against the unknown ; for,
if in literature it is cnough to give expression, and in art a body,
to conceptions or beauties deposited either in the human mind
or in nature, it is not so in science, where truth is deeply
hidden. She must be conquered, she must be stolen, like the
Promethean fire.

Itisof some of these conquests that I wish to speak
of doubt and apprchension in presence of so great a task, To
respond to the demands of his position and to follow noble cxam.
ples, your president ought, at the beginning of this ses-ion and of
the ceremonies which inaugurate our young association, to trace
the progress accomplished in the sciences, mark by a few bold
lines the various routes over which it has recently 1un, and the
culminating points which it has attained. I shiink from such a
programme : if it does not exceed the bowers of some of my
colleagues, and doubtless o omeamong vou, it groatly Surpasses
mine.  Less justified and less daring than was ¢ ondorcet at
the end of Jast century, T only perecive the ountlines and some
bright patches of the ‘sketeh which he attempted o draw ;and
to sce it accomplished, 1 shall call to my assistance these who
will follow me in the honourable and perilous post I now aceupy.

I shall confine mysclf, then, centlomen, to speahing to you of
what I know, or of what 1 thuk 1 know, Ly directing your
attention to the science to which | have devoted my life,

Chemistry has not merely srown, it has been regenerated
since Lavoisier.  You know the work of that immon 4l master,
Ilis labours in connection with combustion gave to our science
an immovable basis by fixing at once the notion of simple bodies

to-day, full
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and the essential character of chemical combinations. In these
latter we find in weight all that is pondemb]q in their ele-
ments. These, in uniting to form compound bodle.s, do not lose
any of their proper substance ; they lose only an imponderable
thing, the heat disengaged at the moment of combination.
IHence that conception of Lavoisier l_hat a SImplg b‘od_y such as
oxygen is constituted, properly speak.mg, by _the intimate union
of ‘the ponderable matter oxygen with the imponderable fluid
h constitutes the prmcnp!e of hegt, and which he named
caloric—a profound conception, which modern science has
adopted, giving it a different form. It is, then, unjust that,
in recent times, Lavoisier should be accused of having miscon-
ceived what is physical in the phenomeno.nqof combustion, and
that an aticmpt should be made to rehabilitate 'the doctrine of
Phlogiston which he had the honogr of overturning. It is true
that in burning bodies lose something : It is the combustible
principle,” said the partisans of Phlqustoq ; “ It is caloric,” said
Lavoisier; and he adds, an essential thing, that they gain in
oxygen. .

Thus Lavoisier perceived completely the phenomenon, of
which the great author of the phlogiston theory, G. E. Stall,
had only a glimpse of the external appearances, and of which
he misconceived the characteristic feature. Such is, gentlemen,
I maintain, the foundation and the origin of modern chemistry.
Is that to say that the monument raised upon these bases by
Lavoisier and his contemporaries subsists in all its parts, and that
it was accomplished at the end of last century? It would not
be from want of materials, and even in its outlines we may notice
lines which have in time disappeared. It has then been added
to and in part transformed ; but it still rests upon the same foun-
dations. Such has been in all sciences and in all times the lot
of theoretical conceptions ; the best of them contain obscurities
and gaps which, on disappearing, become the occasion of im-
portant developments or of a new generalisation.

That of Lavoisier embraced especially the bodies best known
in his time, z.e., the compounds of oxygen, the true nature of
which was discovered by him in his researches on combustion.
All these bodies are formed of two elements ; their constitution
is binary, but it is more or less complicatel. Some, oxides or
acids, contain a simple body united to oxygen ; others, more
complex, are formed by the combination of acids and oxides
among themselves, a combination which gives rise to salts.
These last then are formed of two constituent parts, each of
which contains oxygen united to a simple body. Such is the
formula of Lavoisier on the constitution of salts ; it is in harmony
with the fundamental idex which he enounced on chemical com-
bination, an idea according to which all compound bodies are
formed of two immediate elements, which are either simple
bodies or themselves compound bodies.

This dualistic hypothesis was embodied, in his time and with
his consant, in I'rench nomenclature, the work of Guyton de
Morveau, the principle of which may be thus summarised : two
words to designate each compound, one to mark the genus, the
other the species.  Thus, one ¢f the fundamental conceptiors of
the system of Lavoisier—dualism in combinations—found a
striking expression in the binary structure of the names, and is,
as it were, insinuated into the mind by the very terms of
chemical language ; and we know what is, in such a case, the
power of words.

The great successor of Lavoisier, Berzelius, extended to the
whole of chemistry the dualistic hypothesis of Lavoisier on the
constitution of salt=. Wishing to give it a solid support, he
added to it the elcctro-chemical hypothesis.  All bodies are
formed of two constituent paits, eiclt of which possesses, and i3,
as it were, animated by, two clectric fluids.  And as the electro-
positive fluid attracts the clectro-negative, it is natural, it is
necessary that in cvery chemical compound the two elements
should reciprocally attract cach other.  Is not the one carricd
towards the other by clectric fluids of opposite kinds 2 We
see that the hypothesrs of Leizclius gives at once a striking inter-
pretation of the dualitm in combmations and a simple and
profound theary of chemical aflinity, This clective attiaction
which the final patticles of matter excreise upon cach other
was referred to electiic attnaction,

Another theoretic conception pave a body to the electro-
chemical h)’llulll('»i\‘, and has pven simeea solid bhasis to k:llCllli\lly
as a whole,  We speak of the atonie theory, revived fiom the
Greeks, but which took, at the commencement ol this centuny,
a new form and a precise expression, FE s due to tire pencetia-
ton of an Faoglish thinker, Dalton, a teacher of chemistry in
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-l}ltgz:llflll(t:‘?lcr nr\ tlllv l)(.‘glllmln].,' of the cenlury., It was less a pure
speculation of the mind, as were the !(leas of the ancient atomists
and of the philosophers of the Castesian school, than a theor tical
representation of well-established facts, viz., th'e p:;rit of thce oy
p?r;ions according tcl) which hodies combine, and lhg Qimpllpc‘;?;'
of the relations which express the i inations

w0 Lot P multiple combinations between

Dalton found, in fact, that, in cases where two subslances
combinc in several proportions, if the quantity of one of them
remains constant, }he quantities of the other vary according to
very simple relations. ~ The discovery of this fact was the
starting-point of the atomic theory. Tlecre is the substance of
this theory : —That which fills space, viz. matter, is not infinitcly
(11v151b1e,.l)l1t is composed of a universe of invisible, impercep-
tible particles, which, nevertheless, possess a real extension and
a definite weight. These are atoms. In their infinitely attenu-
ated dlme_nsmns, they offer points of application to the physical
and chemical forces. They are not all like each other, and the
diversity o_fmat;er is owing to inherent differences in their nature,
Perfectly identical for the same simple body, they differ from
one element to another in their relative weights, and perhaps by
their form. Affinity sets them in motion, and when two bodies
combine with each other, the atoms of the one are drawn
towards the atoms of the other. ~ As this approach always takes
place in the same manner between a determinate number of
atoms, which are in juxtaposition one to one, or one to two, or
one to three, or two to three—-in other words, according to very
simple proportions, but invariable for a given combination—it
results therefrom that the smallest particles of this combination
present a fixed composition rigorously similar to that of the
entire mass.

Thus the most important fact of chemistry, the immutability
of the proportions according to which bodies combine, appears
as a consequence of the fundamental hypothesis that chemical
combinations result from the coming together of atoms possessing
invariable weights. Berzelius compared these atoms to minute
magnets. He imagined them to have two poles where the two
electric fluids are separated but unequally distributed, so that one
of them is in excess at one of the poles. ‘¢ There exists,” he said,
‘“atoms with excess of positive fluid and others with excess of
negative fluid ; the first attract the second, and this attraction,
the source of chemical affinity, preserve the atoms under all
combinations. At the moment that these last are formed they
are set in motion ; in the completely formed compound they are
at rest, and are divided as if into two camps, at once kept to
gether and maintained in opposition by the two electric fluids o
opposite kinds.

Thus the electro-chemical theory, ingeniously adapted to the
hypothesis of atoms, raised the dualism of Lavoisier to the dig-
nity of a system, which appeared sclidly established during the
first half of this century. The facts then known were included
in it without difficulty, and the rich materials which the patience
or the genius of experimenters amassed without ceasing were very
soon co-ordinated.

Without attempting to enumecrate the older works relating to
the decomposition of alkalis, to the nature of chlorine recognised
as a simple body, to various newly-discovered elements, such as
selenium, tellurium, iodine, we shall mention in a special manner
among so many discoveries, that of cyanogen, which we owe to
our own Gay-Lussac. The demonstration of the chemical functions
of this compound g1s, which behaves like a simple body, which
is capable of forming the most varied combinations with true ele-
ments, which finallv, when it is engaged in such combinations lends
itsell to double decompositions, as,does chlorine in the chlqudes,
was a ureat step in the progressive march of science.
Ience the definition : cyanogen is a compound radical, and the
triumphant appearance of the doctrine of radicals. It had been
vaguely intimated by Lavoisier 3 it really dates from the dis-
covery of cyanogen, and will make a rapid advance.  Up to that
time great efforts had been directed to the side of inorganic
chemistry, and great ideas had arisen in this domain, The apPll-
cation of these rdeas to organic chemistry, upon which attention
then began to be directad, presented some ditheulties. )

We know that the innumerable bodies which nature has dis-
tributed in the organs of plants and animals contain a small
number of clements —carben,  hydrogen, oxygen, and often
nitrogen. [t is then not in their general composition that
they ditfer, but by the number and arrangement of the atoms
which enter into their composition, By increasing more or
fess and grouping themselves in various manners, these atoms
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pive rise to an innncns‘v multitude of 5l‘islincl .com}‘)ou‘n?s fx\{}nicl:
are true chcmnca} species. But wha‘t 1s the arrangement of these
atoms? What is the structure of ‘these organic molecules, so
much alike in the nature of lhcn.~ clements, S0 wondcrlul_ in the
infinite diversity of their properties ? Berzelius solved this ques-
tion without hesitation.  Comparing organic compounds to the
bodies of inorg.mic chemistry, he divided both classcs of atoms
into two lots, grouping on one side carbon and hydrogen, electro-
positives, and on the other, OXygen, _cl(‘ctyo-11egn11\'c.' And whel),
at a later time, chlorine was artificially introduced into organic
compounds, the atoms of this powerful clement were ranged on
the side of ovvgen, both being mvariably found_ in binary com-
bina'ions of which they formed the electro-negutive elcmcnl.' the
atoms of carbon and hydrogen constituting the electro-positive
radical, ) . .

Thus the great promoter of inorganic cIEennxtry attempted to
fashion organic moleculgs according to 'the image of those 111qle-
cules of dead matter which he had slth;ed ) _thorough!s'. The
raths which Lavoisier traced in this domain he wishdd to
extend to the world of products formed under the influence of
life; they resulted in a dead-lock.  In proportion as the
riches of science increased it was hecessary, in order to uphold
the system, to accumulate hypoth'eses, to mvent radicals, to con-
struct, with insufficient or imaginary data, formul:e' more and
more complicated—a thankless task, in which the feeling of expe-
rimental realities and sober appreciation of facts often gave place
to outrageous reasonings and vague subtlet'ies. These barren
efforts of a great mind inaugurated the decline oy marked the
termination of the dualistic ideas which were at the foundation of
what has been called, improgperly perhaps, the old chemistry.,
The new began at that point. Great discoveries, cleverly and
boldly interpreted, gave it an impulse which still endures,

There were then—1 speak of forty years ago—a number of
young men, with Dumas and Liebig ‘at their head, in the oppo-
site camp, who cultivated with ardour the investigation of organic
compounds. Convinced that the constitution of these com-
pounds could only be deduced from the attentive Investigation of
their properties and metamorphoses, they undertook to investi-
gate these bodies themselves, to transform them, to torment
them in some sort by the action of the most diverse reagents, in
the hope of discovering their intimate structure. And this is,
gentlewen, the true method in chemistr ; to determine the
composition of bodies, and by careful analysis of their properties
to fix, as far as possible, the grouping of their ultimate particles.
This, then, is the glory of our science, and the single but precious
contribution which it 1s able to furnish for the solution of that
eternal problem, the constitution of matter.

From the researches which were made at this epoch and in
this spirit, an all-important fact issued ; it relates to the action ot
chlorine on organic compounds. This simple body deprives
them of hydrogen and may be sulstituted for that element, atom
for atom, without affecting the molecular equilibrium and with-
out, adds Dumas, modifying the fundamental properties. This
proposition encountered at first the most violent contradiction.
How could chlorine take the place of hydrogen and play its part
in combinations ? These two elements, said Derzelius, are en-
dowed with opposite properties, and if the one is lacking the
other cannot supply its place ; for, in short, they are two inimical
brothers, little disposed and by no means fit to be kept in the same
house. These critics and many others have not prevaile 1 against
facts. The theory of substitutions has come triumphantly out of
this great discussion, which marks a date in the history of our
science.  Its natural development has gradually introduced into
it new ideas on the constitution of chemical compounds, on the
mode of combination of the elements which they contain,

These ideas have come to light by various ingenious compari-
sons, Laurent considered organic compounds as formed of
nuclei with appendages, both the one and the other admitting
into their structures atoms grouped with a certain symmetry,
Dumas compared them to edifices of which the atoms constitute,
inamanner, the materials. Ifence the graphic but frequenlly
correct expression, of molecular edifices capable of being modi-
fied, in certain cascs, by the substitution of one part for another,
and which, in other cascs, the shock of powcerful reagents may

shatter (,, pieces. In hoth conceptions the chemical moleculcs
Wwere regarded as forming a whole. A little later Dumag compared
them to planctary systems 5 ard here he veritably shot ahead
of his time in giving us a ghimpse” of groups of “atoms majn-
tained in ¢juilibrium by affinity, hut carricd along by movements,
as the plancts of a solar system aie acted upon by mavitation
and carried into space. It is in these movements of atoms and
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molcgulcs that at a later beriod the source of the physical and
chemical forces must - sought for ; but I must not anticil);1te

[ have attempted to show how the ideas on chemical combina.-
tions have been gradually modified under the double influence of
the atomic hiypotheses and of facts brought to light by the
Irench  school concerning  theijy reciprocal replacement
combinations. Forming g whole, more or less complex

the molecules of organic substances may be modified by syl,.
stitution and give rise to o multitude” of derivatives which
naturally attach themsclves to tle mother substance. ‘I'he Jat-
ter serves them as a model or type.  The typical idea thus intro.

duced into science very soon occupied a large place, It first
brought to it Important elements of classification. Al the

compounds derived by substitution from the same body were
ranged in the same family, of which the latter was, so to speak,
the chicf. 1cnce arose groups of bodijes perfectly distinct from
each other, and the number of which were being constantly in-
cteased by daily discoveries, It Was neccssary not only to intro-
duceorder into all these tribes, but to connect them with each other
by a common bond. The honour of having discovered the supe-
rior principle of classification belongs to Laurent and Gerhardt,
valiant champions of French science, from whom premature
death has snatched, if not victory, at least the gratification of
victory. Laurent was the first to say that a certain number of
mineral and organic compounds possessed tke constitution of
water, and this idea, brilliantly developed by Williamson,
was generalised by Gerhardt. According 1o the Jast named, all
inorganic and organic compounds may be connected with a
small number of types, of which hydrochloric acid, water,
and ammonia, are the chief In these compounds, relatively
simple, one element may be replaced by another element, or by
a group of atoms performing the function of a radical, so that
this substitution gives rise to a multitude of various compounds
bound together hy the analogy of their structure, if not by the
barmony of their properties,

This last point was novel and important. Bodies belonging
to one type and similar in their molecular structure may differ
much in their properties : these depend not only on the arrange-
ment of the atoms, but also on their nature, Thus the inorganic
and organic bodies ranged under the type water, are, according
to the nature of their elements or their radicals, powerful bases,
energetic acids, or indifferent substances—a great and bold idea,
which has established a connection between the most diverse
bodies, and which has definitely overturned the barriers which
use had raised, and which the weakness of theory had maintained,
between inorganic and organic chemistry. And yet this was
only a stage in the march of ideas, By what right and by what
privilege, it was said, may the relatively simple compounds we
have named serve as types for all others, and why should nature
be restricted to make all bodies on the model of hydrochloric
acid, water, and ammonia? This was a serious difficulty, but it
has been removed ; it became the occasion of a profound discus.
sion and the germ of a real progress.

These typical compounds represent at bottom various forms
of combination, the diversity of which it is necessary to refer to
the nature of the elements themselves, The latter impress
on each of these compound types a particular character and a
special form. The atoms of ¢hlorine are so formed that to one
of them only a single atom of hydrogen needs to be added to
form hydrochloric acid ; then that an atom of oxygen takes two
atoms of hydrogen to form water; that an atom o nitrogen re-
quires three to constitute ammonium ; and that an atom of carbon
demands four to become marsh-gas.  What a difference in the
power of combination of these clements, and, so to speak, in
their appetites for hydrogen !  And will this ditference not be
connccted with some peculiaritics in their mode of eXistence, to
some property inherent in matter itself, and which will impress
on each of the e hydrogenic compounds a special form ?  Such
is the ca-e.

Iti> now admitted that atoms are not motionless, cven in bodies
apparently the most fixed and in completely formed combina-
tions. ~ At the moment when these are being formed the atoms
come into violent collision with cach other. In this contlict a
disengagement of heat is ordinatily observed, tesulting fiom the
expenditure of active encigy which the atoms have 1ot in the
mill, and ile intensity ol this heat-phenomenon pives the
meisare of the energy of the atlinities which have presided at
the combinaticn, 10 there is another thing in chemical pheng-
mena besides the intensity of the foree s at woerk, and which are
more or less exhausted Uy a disergagement of heat ; 1 refer to
their mode ; it was ot this elective attraction that Bergman spoke
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a century ago, and which governs thg form of the combinations.
The atoms of the various simple bodies are not endowed with the
same aptitude for combination with each other ; they are not
equivalent to each other.  This is what is called atomicity, and
the fundamental property of atoms is without doubt connected
with the various modes of motion by which they are animated.
When these atoms combine with each other, their movements
require to be reciprocally co-ordinated, and this co-ordination
determines the form of the new systems of cquilibrium which will
be formed ; that is, the new combinations.

It is with atoms thus endowed that chemists now construct
molecular edifices. Resting at once upon the data of analysis
and on the investigition of reactions, they express the composition
of bodies by formukc which mark the nature, the number, and
the arrangement of thc atoms which each molecule of these
bodics contains. But what ! is this merely an ingenious exercise
of the mind ? and the construction of formulxe by mcans of these
symbolic materials which arc selected, which are arranged so as
to give to the molecular cdifice a determined form,—Is this a
mere matter of curiosity? Byno means. These formulx, by
whose aid are expressed the composition of bodies and the con-
stitution of their molecules, offer also a valuable aid for the
interpretation of their properties, for the study of their metamor-
phoses, for the discovery of their reciprocal relations,—all things
which are intimately connected in each body with the nature
and arrangement of the atoms. Now, the investigation and com-
parison of these formulx furnish to the inquiring spirit the ele-
ments of a powerful synthesis. ~What treasures have been
acquired by science by this process, which consists in deducing
the transformations of bodies from their molecular structure, and
in creating, by a sort of intuition, new molecules by means of
those already known ! The artificial formation of a number of
combinations, the syntheses of as many organic compounds as
nature alone seemed to have the privilege of forming—in a word,
the greater part of chemical discoveries which have enriched
science and the world for twenty years—are founded on this
inductive method, the only efficacious and the only rational one
in the sciences. I shall cite only one example among many
others.

A happy chance led to the discovery of that brilliant substance,
of a bright purple, which is known under the name of fuchsine
orrosaniline, Analysis determines its composition, skilled inves-
tigations find its molecular structure, Soon it is known how to
modify it, to multiply the number of its derivatives, to vary the
sources of their production, and from attentive study of all these
reactions, issue a pleiad of analogous substances whose diverse
colours rival in brilliancy the richest tints of the rainbow. A
new and powerful industry has already resulted from all these
investigations, which theory has followed step by step and guided
the fertile evolution,  In this order of investigation, science has
recently gained one of her most striking triumphs. ~ She has
succeeded in forming at once the colouring matter of madder
(alizarin). By an ingenious combination of reactions, and by
theoretic reasonings still more ingenious, MM, Graebe and
Liecbermann have succeeded in obtaining this body synthetically,
by means of anthracene, one of the numerous bodies which is
now obtained from coal-tar, the impure source of so many won-
ders.  Such isa discovery which has issued from the womb of
science, and of science the most abstract ; confirming precon-
ceived ideas on the relations of composition and of atomic struc-
ture between anthracene, alizarin, and the intermediate terms.
And this will not be the last product of this beautiful develop-
ment of chemistry. IFuture conceptions on the intimate structure
of complex organic compounds will be so many landmarks for
new synthescs, and hypotheses rigorously deduced from acquired
principles will be fruitiul in the happiest applications.

Saccharine matiers, alkaloids, other complex bodies whose
properties and diverse transformations are actively investigated
with a view of deducing their molecular constitution-—all these
substances may be artificially reproduced, as + -on as this pre-
Faralory work, so difticult and often seemingly so uscless, will
iave subticiently advanced. So fine a programme justifies the
great clforts which have been made, in our days, in this diree-
tion. ‘T'o discover, to analy.e, to study, to classity, to repraduce
artificially ~o many diverse substances, to study their internal

structure, to indicate their useful applications 5 to surprise, in a
word, the wecrets of Natare and to imitate her, if not in her pro-

cesse ., at least in ome of her productions  such is the noble aim
of contemporary science. She can only reach it by the sure but
slow paths we have mdicated ; experiment guided by theory. In
chemistiy, at least, empiricism has had its day ; problems, clearly
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stated, must e boldly faced, and henceforth the rational cop.
quests of experiment will only leave a place more and m

circumscribed for fortunate finds and the surprises of the crucib(}re
Away, then, with the detractors of theory, who go in quest of die.
coverics which they can neither foresec nor prepare ; the reas-
where they have not sown,  But you, courageous wo’rkersy whp
trace methodically your furrows, I congratulate you. Yox'x mzl0
be sometimes deccived, but your work will be fruitful, and
the goods which you amass will be the true treasure of scier’xce

Will not this science be one day embarrassed and as if encum
bered with so much riches, and ‘will the strongest memor 1.
able to support all the weight? If the danger exists, there ig n)g
need to fear it. The classification of all these materials will frce
us from embarrassment. Ina wcll-?rrar.\gcd edifice, each stone
requires to be prepared before taking its place; but the con-
sruction accomplished, all do not strike the eye cqually, though
cach has its use ; only the strong courses, the comer-sto,nes agd
the salient parts, are noticed. It will be thus with the monument
of science. The details which have for their end to fill up gaps
will disappear in the great whole, of which we only need consider
the foundation, the principal lines, and the crowning of the
edifice.

Gentlemen, chemistry thus constituted, and physics, have
between them necessary connections. Both the one and the
other investigate the properties of bodies, and it is evident that, so
far as the ponderable bodies are concerned, these properties must
be intimately connected with the constitution of matter. Fence
the atomic hypothesis which suffices for the interpretation of
chemical phen.mena ought also to be adapted to physical
theories. This is the case. It is in the movements of atoms
and of molecules that we now seek, not only the source of the
chemical forces, but the cause of the physical modifications of
matter, changes of condition which it can undergo, phenomena
of light, of heat, of electricity, of which it is the support.

Two French savans, Dulong and Petit, discovered some time
ago a very simple law which connects the weights of atoms with
their specific heats. It is known that the quantities of heat
necessary to change by one degree the temperature of the unit
of weight of bodies are very unequal. This is what we call
specific heats ; but the quantities of heat which bring about in
simple bodies, taken under conditions in which they are rigorously
comparable, the same variations of temperatures, are equal, if
we apply these quantities of heat not to the unit of weight but to
the atomic weight ; in other words, the atoms of these elementary
bodies possess the same 'specific heats, though their relative
weights are very unequal.

But as to this heat which is thus communicated to them, and
which raises their temperature equally, what is in reality its mode
of action? It augments the intensity of their vibratory move-
ments. Physicists recognise heat as a mode of motion, and that
it comes under the cognisance of our perceptions by the vibra-
tions of atomic matter or ether ; of ether, that fluid material
perfectly elastic, incoercible, imponderable, which fills ail the
immensity of space and the depth of all bodies. It is in
this fluid that the stars describe their orbits; in this fluid
atoms perform their movements and describe their trajec-
tories. Thus the ether, the radiant messenger of heat and
light, conveys and distributes their radiations through all
the universe ; and that which it loses in vibratory energy
when it penetrates a cold body, which it warms, it communi-
cates to the atoms of this body and augments the intensity of
their movements ; and that which it gains in energy by contact
with a warm body, which it cools, it withdraws from this body
and diminishes the intensity of their vibratory movements. Anfi
this kind of light and heat which come from material bodies is
transmitted across space to other material bodies. You will
remember in reference to this the words which Goethe put nto
the mouth of the Prince of Darkness in cursing the light—* Itis
born of bodies, it is brought forth and maintained by bodies,
and it will perish with them.”

But this exchange of forces which circulate from ether to atoms
and from atoms to cther, must it manifest itself always in the
phenomena of light or heat? This vibratory force which is
transmitted by ether, can it not be preser\'ed and stored up by
matter, or appear under other forms? .

It can be preserved as affinity, libem.ted as elecgncxt‘y, trans-
formed into dynamic movements. It is this which is sto
up in the innumerable compounds elaborated by the V%‘t‘ble
kingdom ; it i~ this which provokes the decomposition O
carbonic acid and of the vapour of water by the most delicate
organs of plants which blossom in the sunlight. Originating
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with the sun, luminous radiation becomes aflinity in the imme.
diate organic principles which are formed and nccmpulaml
in vgget':.ﬁ':le cellules. That mode of motion of ether whlgh.wa,s
“light " is become another mode of motion which is “aflinity,”
m§ sways the atoms of an organic compound. Inits turn this force
thus stored up is expended again when the orgnn.ic'compqumls
are destroyed in the phenomena of combustion, Aflinity, satisfied
and as it were lost by the combination of combl_xstlble elemcn'ts
with oxygen, again becomes heat or _clectricity,.  Wood in
burning, and carbon in becoming oxidised, produce sparks or
flames : a metal which exhausts its affinities in decomposing an
acid warms the liquid, or, under other conditions, produces an
electric current, warming it less when the current Is exterior, And
in another order of phenomena, heat which distributes or propa-
gates itself unequally between two surfaces, rubbing one against
the other, or in a crystal that is warmed, or in two metals united
by solder, disappears partially as such and manifests itself
35 static electricity or as an electric current, Thus all these
forces are equivalent to one another and appear under diverse
forms, whether they are passing from atoms to ether or from
ether to atoms ; but we never see them disappear or lose their
force—only transform themselves and perpetually renew their
youth. : :

And this is not all. These vibratory movements which sway
atoms and which whirl about in ether can cause movements of
the mass, displacement either of the bodies or of sthe molecules,
Warm a bar of iron, it will dilate with a force almost Irresistible ;
a part of the heat will be employed in Producing a certain pulling
asunder of the molecules, Warm a gas, it will in like way dilate,
and a part of the heat disappearing as such, will produce a separa-
tion very considerable in this case between the gaseous mole_cul_es ;
and the proof of the consumption of heat in the work of dilation
is not difficult to give, for if you warm the same gas to the same
degree, but prevent it from dilating, less heat need be given to
itthan in the former case. The difference between the two
quantities of heat corresponds exactly to the mechanical work
performed by the molecules in dilatation. That is one of the
most simple considerations, on which is founded the principle of
the mechanical equivalent of heat so often now referred to in
mechanics, in physics, and in physiology. .

In physics it explains the mystery of latent heat, of fusion, and
of volatilisation. But how is it that heat supplied continuously
to a boiling liquid to maintain ebullition does not ever raise the
temperature of the liquid above a point which under similar
pressure remains fixed ? The reason is that this heat'is continually
absorbed, and disappears as such to produce the mechanical work
of driving apart the molecules. And so in the phenomena. of
fusion, the constancy of the temperature indicates the absorption
of the heat consumed in molecular work, These conceptions
have modified and thrown much light on the definitions which
physicists have applied to different states of matter, and it is seen
that they are in harmony with chemical theories of the constitu-
tion of bodies. These are formed of molecules which represent
systems of atoms animated by harmonic movements, and whose
equilibrium is exactly maintajned and strengthened by these
movements,

Applied to molecules thus constituted, heat can produce
three different effects. In the first place, an elevation of
temperature by the increase of vibratory energy; in the
second place, an increase of volume by the driving apart
of atoms and molecules, and this augmentation becoming
very considerable, a change of condition, solid becoming
liquid, and liquid becoming gas ; in the last, the driving apart
of the molecules is become immense in relation to their di-
mensions, Thus acting on the atoms which compose the
molecule and amplifying their trajectories, heat can disturb the
equilibrium which exists in the system, causing a conflict of these
#toms with those of another molecule in such a way that this

isturbance or this conflict leads to fresh systems of cquilibrium,

atis to new molecules. There commence the phenomena of

mposition and dissociation, or, inversply, of combination,
which is the mainspring of chemistry, and It is scen they are but
€ continuation or consequence of the physical phenomena we
ve just analysed, the same hypothesis, that of atoms, applied
o one and the other with an equal simplicity,
ask, will it not be easy to conceive that the physical and
emical forces which act on ponderable bodlqs are applied also
iffuse continuous matter in some way, and is it not natural to,
Rppose that there arc limited and definite particles which repre-
%t the points of application of all thesc forces.? And this view
ought to apply to the two sorts of matter which form the uni-
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the one inﬁnilcly rrelied Iy

verse, cther and atomie matter,
homogeneous, filling all sbace, and in consequence Cnorng
its mass, both unseizable an imponderable ;
continuous, heterogencous, an only occupying
pnr'lion_of Space, although it formg all worlds,

Yus, it forms all worlds, and {he elements of ours have 1,ce),

discovered in the sun anq in the stars, Yes, the radiations given
ofl by incandescent atomic matter which forms these stars are also
for the most part, those which are prodnced by the simple hodjeg
of our planet. Marvelloys Conquest of physics whicly reveals at
once to us the abundance of forces which environ the sun and the
simplicity of the constitution of the universe !

A solar ray falls upon a Prism and is turned aside in its path
and decomposed into an infinity of differen radiations.  Thegse
take cach a particular direction, and all range themselves in
bands in Juxtaposition, and spread themselves oul in the spectrum
if the light thus reccived and decomposed is thrown o to a
screcn.  The visible part of this spectrum shines wit], all the
colours of the rainbow 5 but besides this, beyond Loth ends of the
coloured bands the radiations are not absent, The heat-rays can
be made to reveal themselves beyond the red ; the chemical
rays, more powerfus than the others to make and destroy the
chemical combinations, are known beyond the violet. All the
forces which manifest themselves on the surface of our globe, as
il'eit’ light, and chemical tnergy, are sent to us in a ray of white

1ght.

But this brilliant Spectrum is not continuous, F raunhofer hag
discovered in it an infinity of black lines cutting the shining
band ; these are the ““dark lines ” of the spectrum, and Kirchhoff
has found that a certain number of them occupy the same posi-
tion as the ““bright lines ” which occur in the spectra of metallic
substances when'in a state of incandescence. This last Physicist,
generalising an observation of IFoucault, has seen, further, that
under given circumstances these bright lines can be obscured
and ‘‘reversed,” coinciding then with the dark lines of the solar
spectrum,

Wehave been abletoconclude that these have an identicalorigin
and are due to radiations given off by metallic substances spread
in vapour over the solar globe, radiations which are obscured by
these same vapours in the atmosphere of the sun. Thys the

ns in
the other non-
a very limited

star which gives us heat, light, and life, is formed of elements
like thos= which form our globe. These elements are hydrogen
and metals in a state of vapour. They are not distributed
equally in the mass of the sun and in his rarefied envelopes ; the
hydrogen and most volatile metals are raised to a greater height
on the surface of the sun than are the other metals, They are
never in repose ; this ocean of incandescent gas is continually
agitated by tremendous tempests. The trombes throw themselves
out in immense columns to the height of 50,000 leagues above
the gaseous sphere ; these are the “ protuberances,””” and they
shine with a rose light peculiar to themselves ; and they are
formed according to Janssen and Lockyer Ly hydrogen, " very
rarefied, and also by an unknown substance—“ helium.” The
luminous globe itself, the photosphere, gives the spectra of
our ordinary metals, except gold, silver, platinum, and mercury ;
the precious metals, those which have little affinity for oxygen,
being wanting. But, on the contrary, in the solar spectrum there
are ““lines " different from those which the metals of our earth
give, but which are like them. The lines of the metalloids are
wanting, as are the lines which are characteristic of compound
bodies.  The gaseous mass has such an incandescence that no
chemical combination could withstand it

The lines of FFraunhofer are dark, only the lines of the protu.
berances and those seen a moment after the disappearance of the
sun in an eclipse, and a moment before its reappearance, are
bright, like those which characterise the spectra ot incandescent
metallic vapours. Ilere we have a curious relationship which
has furnished most important and precise indications on the
physical constitution of the sun.

I have spoken of the chemistry of the sun, but the spectro-
scope has explored all the far-off space of heaven, The light of
hundreds of stars has been analysed, and nebul., scarcely
visible, have had the quality of their radiations revealed by its aid.
The light, in some casces very feeble, with which a number of
stars shine, gives a spectrum with dark lines like the rolar
spectrum, and this fact proves to us that the constitution of
these stars s like that of “our <un. Aldebaran sends us record s
of hydrogen, magnesium, and calcium, which abound in solar
light, hut also these of metals which are ware or absent, o
tellurium, antimony, and mereury.,

Nebul.e, twenty ‘thousand times less brilliant than a candle o
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a di~tance of oo metres, have _still given a spectrum, for their
light, althongh feeble, is very simple in its constitution, and the
spectium which it gives consists only _nI two or three bright
bands, one of hydrogen, the other of nitrogen. Thesc nebuliv
which give a spectium of bright lines, are those which the most
powerful telescopes cannot rcsolvg : lhe.rc is an ‘““abyss " hetween
{hem and resolvable nebulie, which, like ordinary stars, give a
spectrum with dark lines. .

What an eifort of the human mind ! To discover the consti-

tution of stars of which the distances ceven are unknown ; of
nebulic which are not yet worlds 5 to establish a classification of
all the stars, and still more to guess their ages—ah, tell me, is not
this a trinmph for scicnce?  Yes, we have classed them according
to their ages.  Stars coloured, stars yellow, stars white ; the
white are the hottest and the youngest ; their spectrum is
composed of a few lines ‘only, and these lines are dark.
Hydrogen predominates. I'races of magnesium are also met
with, of irom, and perhaps of sodium, and if it is true that
Sirius was a red star in the time of the ancients, it owed per-
haps its tint to the greater abundance of hydrogen at that epoch.
Our sun, \ldebaran, Arcturus, are among the yellow stars. In
their spectra the hydrogen lines are less developed, but the
metallic lincs are fine and numerous. The coloured stars are not
so hot, and are older. In consequence of their age they emit less
vivid light. Tn them there is little or no hydrogen. Metallic
lines abound, but one also finds channelled spaces like the lines
of compounds. The temperature being lower, these latter can
exist whether they consist of atoms joined to others of the same
kind, or whether they contain groups of heterogeneous atoms.
In referting recently to this classification of Father Secchi and
the distribution of simple bodies in distant stars, Lockyer has
observed that the elements the atoms of which are lightest are to
be found in the hottest stars, and that the metals with high
atomic weights are, on the contrary, met with in the colder stars ;
and he 2dds this—Are not the first elements the result of a de-
composition brought about by the extreme temperatures to which
the latter arc exposed, and, taking them altogether, are they not
the product of a condensation of very light atoms of an unknown
primordial matter, which is perhaps ether?

Thus is brought forward afresh, from considerations taken
from the constitution of the universe, this question of the
unity of matter which chemistry has before raised from a con-
sideration of the relative weight of atoms, It is not solved, and
it is probable that it mever will be in the sense here indicated.
Lverything lcads to the belief in the diversity of matter, and the
indestructible, irreducible nature of atoms. Does it not require,
as M. Berthclot has pointed out, the same quantity of heat to put
them in motion, whether they are heavy or light, and ought not
the law of DIctit and Dulong to prevail in its simplicity against
the opposite hypothesis, however ingenious it may be ?

1 have endcavoured, gentlemen, to trace out for you the most
recent progress accomplished in chemistry, in physics, and in
physical astronomy, sciences so diverse in their object, but which
have a basis in common—matter—and one supreme object—a
knowledge of its constitution and of its properties and of its dis-
tribution in the univerze.  They teach us that the worlds which
people infinite space are made like our own system, and that
this oreat univer-c is all movement, co-ordinated movement.  But
new and marvellous fact, thi- harmony of the cclestial spheres of
which Pythagoras spoke, and which a modern poct has cele-
bratesl in immortal verse, is met with in the world of the in-
finitely little.  There al-o all is co-ordinated movement, and
the~c atoms, whose accumulation forms matter, have never any
1epose 3 a grain of dust is full of innumerable multitudes of mate-
rial unitics each of which is agitated by movements.  All
vibrates in the little worlid, and this universal restlessness of
matter, this **atomic music,” to continuc the metaphor of the
ancicnt philosopher, is ke the harmony of worlds 5 and is it not
true that the imagination is cqually bewildered and the spirit
cqually troublad by the spectacle of the illimitable immensity of
the universe and by the consideration ol the millions of atoms
which people a drop of watar, Hear the words of Taseal s **1
with to picture not only the visible univere, bhut the immensity
of mate that one can concery. withm the limits of an atom ;
one may pictwre there an ity of worlds, where cach has s
fnmaunent, e in the vioable universe,”

Atomatten, i everywhore the —ame, and the hydiogen of

Wit e we et with in o sun, in Sins, and in the nebuale
ever where 1t nov s, evarywhere it vibrates, and these move-
tont whach appear to us msepsuable from aton, e also the

ool W physicad and chemieat foree,
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Such is the order of nature, and as science penetrates it fur
ther, she brings to light both the simplicity of the means sct a;
work and the infinite varicty of the results.  Thus, through the
corner of the veil we have been permitted to raise, she enables
us to sce both the harmony and the profundity of the plan of the
universe.  Then we enter on another domain which the human
spirit will be always impelled (o enter and explore. It is thus
and you cannot change it, It is in vain that scicnce has revealed
to it the structure of the world and the order of all the pheno-
mena ; it wishes to mount higher, and in the conviction that
things have not in t.hemsclvcs their own  saison J’¢tre, their
support and their origin, it is led to subject them to ’a first
causc—unique, universal God.

SCIENTIFIC SER[AZS

'Tl:lE ./l/i‘///m/ngw‘z aus dem  Goltingen A nthropologischen
Lereine, which are edited by Dr. Hermann von Jhering, promise
to give important contributions to the department of anthropo-
logical science, and the appearance of these selections from the
Transactions cf the Society will be hailed with satisfaction.
The first number contains an interesting paper on the origin ot
our knowledge of iron and bronze in Europe, by I'rof, F. W.
Unger, in which the author considers ses7atin: (1) the application
of bronze for religious or sacrificial objects ; (2) the linguistic
affinity of the terms for ores, or metal generally, in different
languages ; (3-6) the mythical references to their use, seat of
original works and the modes of employing bronze for and in
connection with ceremonies of cremation. The section under
which Prof. Unger treats of the myths and sagas connected with
the history of the discovery and the first working of metals is
especially interesting in regard to the early knowledge of iron
possessed by the Tschudi, or primitive people of the Altai,
through whom he believes that the Indo-Germanic races derived
their acquaintance with its sources and modes of working.—
A paper on skulls of extreme breadth, by Dr. von Jhering,
which is rather a compendium of what has been done towards
the definition of normal and abnormal types than a contribu-
tion of original matter, is aptly supplencnted by the descrip-
tion of a new craniometer, given in the concluding extracts
of the Transactions by Dr. W. Sprengel, who draws attention
to the important direction taken by craniometrical inquiries in the
course of the last year by the introduction of Dr. von Jhering’s
horizontal-plane apparatus, of which plates and detailed expla-
nations are appended by the writer.—In a paper on the very
widely -spread custom of tattooing the human body, in which
some inquirers have believed they could trace the earliest origin
of the art of using graved and written characters to express ideas,
Herr Krause considers whether in this far-extending practice we
have not an argument in favour of the unity of the human race.
The author is not of opinion that we are jastified in accepting
this suggestion as capable of proof, but he thinks that this prac-
tice, against which Moses warned the Israelites, had a far higher
significance than that of mere personal ornamentation, and was
probably at one time or other associated with the religion of the
several peoples who adopted it, while it also served as an emble-
matic emblasonment of the pretensions or calling of the wearer,
a talismanic or hieroglyphic form of speech, and as a permanent
pictorial exponent cf facts in the absence of any other written
language.
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