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section of co:1l, and he also exhibited various pieces of coal, one 
of which he held in the position it occupied io the coil bed. 
Ano:her diagram, he said, repre.sentcd a quantity of b!ack co:tly 
matter in hycrs, nnd embccldcd in this matter wer" 
so:ne small holies which had been flattened by the pr,.,;mrc of 
the coal, and by the superimpo;ed beds beh\·een the coal.] 

Prof. Huxley spoke of these bo:iies under the name of sporangia, 
or spore cases. Now, he (Prof. '\'illiamson) had come to the 
conclusion th:1t they were all of h">o chsscs-the lar5er 
ones called m:icro-spore3; rind the sm1ller ones micro-spores. 
A luge number of tlie piants, if not all, found in the co:tl­
me:isurcs bi:long;cd to the cryptog;aniic in which 'i·as 
found no trace of seeds or flower;. The reproductive bodie.; 
th:J.t took the pl:ice of seeds were little bud·like slru=tures, to 
which the name of spores was given. In a certain class of those 
11hnts, the club-mos>es, for inst:mce, were two kinds of these 
spores. The sporangia of club m?sses and sirrtihr phnts never 
became detached from their p:m:nt They hur>t and libe­
rated multitude.> of cont:iinci ,i·hich were objects like those 
so abarid:int in many cmls. Bat these spores did not pliy so im­
port:int a p1rt iri the formJ.tion of coal as Prof. Huxley supposed. 
On examining these objects it was found that each of the 
li•tle ioarlded discs exhibited three ridges that radiated in a 
trilrigulir n\inner from a coinnion centre. These discs were 
origina.lly ·iri:is>es of protopla;m, with ill :i mother-cell. 
lly-and·hy e:ich of these inaS>es broke up into three or four 
parts; a1id it was fouri<l that to accorriniodate orje another in the 
interior of their circular ehamb:r, they n:i1tii:illy pre;sed one 
another. To illustrite the compression, l'rof. \Viliiam­
son produced a tiirriip, \vhich he lud cut into four parts, that 
corresponded exactly, he said, in tl,eir atr:ihgeinent with the 

of the four spores ill the interiut of the mother 
cell. 
. Then Prof. Huxley held that coal consisted of b\·o clement;;. 
Prof. Willi:iinsori, exhibiting agahi ::. piece of co:J.l said the dirty 
blackening surface \\'as a thin layer of little fragments of woody 
structure>, vegeto ble tissues of viti otis kinds; krtdwn by the 
mine of mineral charcoal. These byers of mineral charcoal 
were exceedingly m!rrierous. Prof. litixley1 recoj::nbing the 
abundance and significance of . these little spore-like bodies, 
thought th:it mineral charcoal formed only :i portion, and a 
limited portion, while the grcit bulk of black coaly matter \i·as 
really a mass of ca1bon derived from chemically altered spores. 
He thought that on this point they would be obliged somewhat 
to differ from Prof. Huxley. 

The bed which h:i.d been most widely quote<! as containing 
most beautiful spores was found in the di>trict of Bradford. If 
everything decayed, and Bradford \,·as by an exceedingly im­
probable combination of Circumstances to pass out of memory, it 
would be remem.b.ered in scientific history as the locality in which 
the " better bed" was found. The fragment he held in his 
hand was a fragment of the better bed. On examining it for a 
molllerit through :i magnifying gbss he saw that it \vas a .solid 
mass of .mineral charcoal, yet the microscope revealed in it no 
trace whatever of organic structure. Then:fore, while Prof. 
Huxley <iivided coal into two elcments-mincbil and 
coal proper, including in the latter term altered spores-he 
would say that coal consisted of three elements-mineral char­
coal, bbck co:tl •lerive<l from mineral charcoal, and spores. 

Thi' outline of the history of coal led them to the independent 
co!iclus'oil th:J.t two clements were mingled in coal; the vegetable 
dJbris, or broken up fragments of the plants of the carLonifcrous 
age were intcnninnled with the pcwliar spores to which Prof. 
Huxley had s:o properly called attention. In proceeding to deal 
fi•riher \rith the plants of which coal was fonhed, the lecturer took 
occasion to acknowledge with th:inks the loin of certain, valuable 
spccinicns to illustrate his discourse from the llratlfonl l\I meum. 
One of these specimens \\":tS a lllo;, t rare and spcciincn 
which he wo\ild be glad to tal<e away with him to Owens 
College, if he hac! the ch:mce ; hut he \\·as afraid the Bradford 
people were too Conservative to stand that. 

After giving a number of botanical and other details with 
re"ahl to the j>lrints of \vhich was for1i\Cd, he said our 
kn"owlcdg-e of ti.is subject rcsoh·cd itself into two divisions, viz., 
that of the outward forms of plants and that of their inward 
organisation. These two lines· of inquiry did not al\\·ays mn 
pa-rallel, and the one great object of recent research had 
been to make . them do so. Specimens throwing light on 
the subject had been found at Arran, llnrntisland, Oldham, 
Halifax, Autun in Fra1ice, and elsewhere, and upon these a host 
of ebscrvcrs h:td been and still were 'rorking. It had long been 

known that most , if not all, the plants to t\\·o 
cl :uscs, known the Cryptog1mia, or nowerlcss pbats, and 
the gymnospermous by the pines and fir;. 
All rccwt inquiries added fresh s:rcngth to thi; conclusion. On:! 
of the most important of these groups w.\s that of th:! 
or horse tails, :tll<l which were represented in the coal by the 
Cabmitcs. The long cylindrical stems, ,,-ith their transYcrsc 
joints and longitudinal grooves, were shown to be ca,ts of mucl or 
sand, occupying the hollows in the piths of the liYin;; pbnt;. 
Each of these piths was surrounded by a thick zone of "·oorl, 
which ngain \\·as invested by an equally thick bycr of 
Specimens were shown in which, though the pith was oaly an 
inch in di:J.melcr, ihe wood and h:irk combined formed a cylinder 
4 inches thi.ck, giving a of at least 27 inches to 
the stem. llut there exist examples of the pith . casts 
aloae, which ::.re between 2 and 3 feet in diameter. It was 

therefore, he concluded, th:J.t the Cahmites became true 
fore;t trees, very different from their living representatives -the 
horse tail; of 011r ponis and marshes. 

.\fter describing the organi>ati::m of plant;;, the Professor 
proceeded to describe the Lycopo<ls of the measures as 
represented by the Lepido:lcndrn, Sigilliri::e, and a host of other 
wdl-know11 plants. The living Lycopod;, '';hether seen at home 
or in tropical are dwarf herbaceous plants, but in the 
carhoniferou:; they became lofty forest trees, 100 
and ten or twelve feet in circumference. To such lofty 
stems, with their dense mass of se rial branches and foliage, to 
obtain nutrition, an organisation was given to them 
ing more nearly to that of our living forest trees than to that 
of any recent cryptogams. A succession of woody byers was 
nddcd to the exterior of those previously existing; so that as 
the plant rose into the ::.ir the stem became by tl1cse 
succc.>sh·c additions to the vascuhr tissue. As this process ad­
v:inced it ''""' accompanied by other chang-es, producing :i 
central pith, an<l two independent mscular rings immediately 
surrounding the pith, ami the relations of these various parts to 
the roots, ·and leaves, ns \\·ell as to the nutrition of the plants, 
was pointed out. The fruits of these Lycopods were then 
cxanuned. The existence of two classes of spores corresponding 
in functions to the stamens and pistils of nowering plants, was 
dwelt upon, ami one of these classes (the macrospores) \\·as 
shown to be so similar to the small objects found in coal, as to 
leave no doubt that those objects were derived from the lcpido­
dcndroid and sigillarbn trees which constituted the large portion 
of the forest vegetation. 

Certain pl:tuts known as Asterophyllitcs were next 
examined. The ferns were also reviewed, and sho·sn to be as 
remarkable for the absence of exogenous from their 
stems as the Catamite> nnd Lycopods were for its conspicuous 
presence. The structure of some stems suppo.;ed to repre;ent 
palms ,..·as shoiTn to be that of a fern, there bein-! no true evi· 
dence that palms existed in that age. The pbnts known as 
coniferous plants, allied to pines and firs, were described, and 
their peculiar fruits, so conunon at Peel, in Lancashire, were 
explained, and some plants of unknown affinitid, but hcautiful 
organis:J.tion, were referred to. . The phy.iological differcnc<s 
between these exti11ct ferns, and other plants especially in their 
marvellous quasi-exogenous organisation, was pointed out, and 
the lecturer concluded by showing how un\·arying must have 
been the green hue of the cubonifcrous forests, to the 
entire absence from them of all the "ay colours of the flowering 
plants which form so conspicuous a in the modern land­
scape, especially in the temperate and colder regions. The an­
tiquity of the mummy, he added, as nothing compared with 
the countless age; that ha<l rolled by since these plants lived, and 
yet they must not forget th:J.t every one of ihosc plants, livinr; in 
ages so incalculably remote, had :i. history, an individuility a; 
di,tinct and dcfi1iitc as our own. They would probably be 
inclined to ask the que;tion, When did all these thing; take 
place? Echo answered, When? 

TJIE BRITISH ASSOCIATION 

T HE Bradford Meeting has been on the whole a 
good one ; though thc:c hm·c been no salient dis­

cussions, the papers read have been all up to a good 
\!Scful average. :l.Ir. Ferrier's paper on the brain 
was a surprise to many, we believe, and the only ap­
proach to a genuine sensation was the appearance of 
Captain Markham, R.N., in the Geographical Section 
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on Saturday, he having arrived only the previous day at the establishment of the Mauritius is now being con­
Dundee in the Arctic, along with the Polaris men. ducted by a Special Commission from England, pending 

The prh·ate hospitality of the Bradfordians has been \\'hich inquiry no increase of expenditure upon the Obser­
ma(Tnificent, but the hotel charges, every one admits, have vatory can be sanctioned ; but that when the results of 
bee'j; simply monstrous. \Ve quite agree with the re- this inquiry shatt be made known, the Secretary of State 
marks made in the last number of the Pharmacettlrcal for tl1c Colonies will direct the attention of the Governor 
'Joumal on this.subject, and do not think that hotel- to the subject. 
keepers by so recklessly increasing their ordinary charges The second Resolution referred to the Botanical estab­
do themselves or their town any good. \V c hope that lishment at Kew, but happily the Council have not deemed 
in future the authorities of towns visited by the British it necessary to take any action upon this Resolution. 
Association will devise some means of counteracting such Third Resolution:-" Tl1at the Council be requested 
proceedings, as they no doubt tend to diminish the to take such steps as they may deem desirable to urge 
number of visitors. The number of tickets of all classes upon the Indian Government the preparation of a Pho­
issued this year is not much above J ,8oo, being several toheliograph and other instruments for solar observation, 
hundreds under that of last year ; no doubt the relative 1 with the view of assisting in the observation of the Transit 
attractions of Brighton and Bradford will partly account of Venus in 1874, and for the continuation of solar obser-
for this. vations in India." 

The soiree in St. George's Hall last Thursday was a great The Council communicated with his Grace the Duke 
success ; indeed all the arrangements for the meeting have of Argyll, the Secretary of State for India, upon the sub­
been satisfactory. The public lectures, by Profs. \V. C. ject, with the result explained in the follmving letter:­
\Villiamson, Clerk-Maxwell, and Dr. Siemens were well 
attended, but the proportion of the working-classes pre­
sent at the lecture on Fuel, which was specially intended 
for their" benefit, was very small. Indeed, many arc of 
opinion that this lecture should be abolished, seeing that 
so few workpcople take advantage of it, and that a lec­
ture should be gh·en every night, or three or four times 
during the meetin<T, to working-men who are registered, 
as at the School ;f l\Iines, in order to secure that the 
right sort of people gain admission. 

This year the Association gave another lesson to 
Government. Last year, it may be remembered, the ques­
tion of the Tides was given up by the Association ; this 
year they have done the same to the Rainfall question, 
as being a work which it is the interest of the nation to sec 
done. \Ve hope the nation will see that it is attended to 
in the proper quarter. 

On Monday Prof. Smith proposed Dr. Tyndall as pre­
sident of next year's meeting ; and it was somewhat of a 
surprise to most present when the l\Iayor of Belfast 
patriotically proposed that Prof. Andrews of that city 
should preside over a meeting to be held in Ireland. 
Prof. Andrews had been first suggested by the Council, 
and his friends were consulted, but it was found that the 
state of his health rendered it unadvisable to press the 
honour upon. him. 

Belfast is the place of meeting next year, and Bristol, 
it has been settled, will be visited by the Association in 
187 5 ; there is a tacit understanding that Glasgow will 
be the rendezvous for 1876, the Lord Provost and a 
strong deputation being present on l\Ionday to earnestly 
urge the claims of that important place. 

The Report of the Council for the year 1872-3 was pre­
sented to the General Committee at Bradford, on \Vcdnes­
day, 17th September. The Council have had under their 
consideration the three Resolutions which \Ycrc referred 
to them by the General Committee at Brighton. The 
first Resolution was-" That the Council be requested to 
take such steps as they deem desirable to induce the 
Colonial Office to afford sufficient aiel to the Observatory 
at l\lauritius to enable an investigation of the cyclones 
in the Indian Ocean to be carried on there." 

In accordance with this Resolution, a correspondence 
took place between Dr. Carpenter, the President of the 
Association, and the Right Honourable the Earl of 
Kimberley, Secretary of State for the Colonies. 

In consequence of this correspondence, the Council 
requested the President to urge upon the Lords Com­
missioners of Her l\Iajesty's Treasury the desirability of 
affording such pecuniary aid to the l\Iauritius Obscr­
vaton· as 'Yould enable the Director to continue his 
obserVations on the periodicity of the cyclones ; and an 
intimation has been receh·ed from Her l\lajest}JS Govern­
ment that an inquiry into the condition, size, and cost of 

"India Office, February 28, 1873· 
"Sir,-\\'ith to my letter of the 13th of December 

last, relative to an observation in India of. the Transit of the 
planet Venus in December r874, I am directed to state, for the 
information of the Council of the British Association for the 
Advancement of Science, that the Secretary of State for India. 
in Council, l1aving reconsidered this matter, and looking to the 
number of existing burdens on the revenues of India, and to the 
fact that the selection of any station in that country was not 
originally contemplated for 'eye-observations' of the transit, 
has determined to sanction only the expenditure (356/. 7s. 6d.) 
necessary for the purchase and packing of a Photoheliograph, 
and any further outlay that may he requisite for the adaptation of 
such instruments as may be now in India available for the 
purpose of the proposed obsen·ation. 

"The Duke of Argyll in Council has been led to sanction 
thus much of the scheme proposed by Lieut. Colonel Tennant, 
in consequence of the recommendation submitted by the Astro­
nomer Royal in f:lvour of the use of photography for an observation 
of the transit at some place in Northern India. 

"I am, Sir, Your obedient Servant, 
(Signed) "Herman l\[erivale," 

"\Villi am D. Carpenter, Esq., British Association." 

A Committee was appointed at Exeter in 1869, on the 
Laws Regulating the Flow and Action of \Vater holding 
Solid l\Iatter in Suspension, with authority to represent 
to the Government the desirability of undertaking Ex­
periments bearing on the subject. The Committee pre­
sented a l\Iemorial to the Indian Government, who have 
recently intimated their intention of advancing a sum of 
2,oool. to enable Mr. Login to carry on experiments. 

The Council have added the following list of names of 
gentlemen present at the last meeting of the Association to 
the list of Corresponding l\Iembers: l\I. C. Bergeron, 
Lausanne ; Prof. E. Croullebois, Paris ; Prof. G. Devalque, 
Liege; :i\I. \V. De Fonviellc, Paris; Prof. Paul Gen·ais, 
Paris; Prof. James Hall, Albany, New York; l\Ir. J. E. 
Hilgard, Coast Survey, \Vashington; l\I. George Lemoine, 
Paris ; Prof. Victor von Richter, St. Petersburg ; Prof. 
Carl Semper, \Vurtzburg; Prof. A. \Vurtz, Paris. 

\Ve now pass on at once to the Sectional work, de­
laying a reference to the Scientific grants made this 
year, and the concluding business till next week. 

SECTION A. 

0PENI.:\G ADDRESS BY TilE l'RESJDE.XT, PROF, liE.XRY 
J. S. 1\I.A., LL.D., F.R.S. 

FoR several years past it has been the custom for the president 
of this section, as of the other sections of the Association, to 
open its proceedings with a brief address. I am not willing upon 
this occasion to deviate from the precedent set by my prede­
cessors, although I feel tl1at the task 1nescnts peculiar difii. 
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culties to one who is by profession a pure mathematician, and 
who, in other branches of science, can only aspire to be regarded 
as an amateur. 

But, I thus contess myself a specialist, and a 
specialist it may be said of a narrow kind, I shall not venture, in 
the few remarks which I now propose to make, to indulge my 
own speciality too far. 

I am well aware that we are certain, in this section, to ha,·e a 
sufficient number of communications, which of necessity assume 
a special and even an abstruse character, and which, whate1·er 
pains may be taken to gi1·e them clearness, and howewrvaluable 
may be the results to which they lead, are nevertheless ex· 
tremely difficult to follow, not only for a popular audience, 
but even for men of science whose attention has not been 
specially, and recently, directed to the subject under dis· 
cussion. I should think it, therefore, almost unfair to the 
section, if at the very commencement of its proceedings· I 
were to attempt to direct its attention in any exclusive_manner 
to the subject which, I confess, if I were left to myself, I should 
most naturally haye chosen-the history of the advances that 
have been made during the last ten or twenty years in mathe­
matical science. Instead, therefore, of adventuring myself on 
this difficult course, which, however, I strongly recommend to 
some successor of mine less scrupulous than myself, I propose, 
though at the risk of repeating what has been better by 
others before me, to offer some general considerations which m:ty 
have a more equal interest for all those who take part in the 
pro:eedings of this section, and which appear to me at the 
present time to be more than usually deserving of the notice of 
those who de; ire to promote the growth of the scientific spirit in 
this country. I intend, while confining myself as 
strictly as I can to the range of subjects belonging to this section, 
to point out Ole or two, among many, of the ways in which 
sectional meetings, such as ours, may contribute to the advance­
ment of science. 

We all know that Section A of the British Assochtion is the 
section of mathematics and physics ; and I dare say that m:my 
of us have ofcen thought how astonishingly vast is the range of 
subjects which we slur over, rather than sum up, in this brief 
designation. \Ve include the most abstract speculations of pure 
mathematics, ani we com! down to the most concrete of all phe­
nomena-the most every-day of all experiences. I think I have 
heard in this section a discussion on spaces of five dimensions, 
and we know that one of our committees, a committee which is of 
long-standing, and which has done much meful work, reports 
to us annually on the Rainfall of the British Isles. Thus our wide 
range covers the mathematics of number and quantity in their most 
abstract forms, mathematic> of space, of time, of matter, of 
motion, and of force, the many sciences which we comprehend 
under the name of astronomy, the theories of sound, of light, 
heat, electricity ; and besides the whole physics of our earth, sea, 
and atmosphere, the tl1eory of earthqmkes, the theory of tides, 
the theory of all the movements of the air, from the lightest rip· 
pie that affects the barometer up to a cyclone. As I have already 
said, it is impossible that communications on all these subje:ts 
should be interesting, or indeed intelligible, to all our members; 
and, notwithstanding the pains taken by the committee and by the 
secretaries to classify th.ecommunications offered to"us, and to place 
upon the same those of which the subjects nrc cognate to 
one we cannot doubt the diSparateness of the m1· 
terial which comes before us in this section is a source of serious 
inconvenience to many members of the Association. Occa· 
sionally, too, the pressure upon _our time is very great, and we are 
obliged to hurry over the discussions on communicJ.tions of great 
importance, the number of papers submitted to u.; being, of 
course, in a direct proportion to the number of the subjects in­
cluded in our programme. It hns again and again been proposed 
to remedy these admitted evils by dividing the section, or at 
lea>t by resolving it into one . or more sub-sections. But I con· 
fess that I am one of those ,\·ho have never regretted that this 
proposal has not commended itself to the Assodation, or 
to the section itself. I have always felt that by so sub-dividing 
ourselves we should run the risk of losing one or two great ad­
vantages which we nt present possess ; and I will briefly state 
what, in my judgment, these advantages are. 

I do not wish to undervalue the usc to a scientific ma11 of 
listening to and taking part in dis:ussions on subjects which lie 
wholly in the direction in which his own mind has been working. 
But I think, nevertheless, that most men who have attended a. 
meeting of this Association, if asked what they have chiefly 
gained by it, would answer in the first place that they have had 

opportunities of forming or of renewing those acquaintances or 
intimacies with other scientifi= men which, to most men en;:aged 
in scientific pursuits, are an condition of successful 
work; and in the second place, that while they may have heard but 
little relating to their o11"n immediate line of inquiry which they 
might not as easily have found in Journals or Transactions else· 
where, they have learned much which might otherwise have 
neYer come to their knowledge of what is going on in other di­
rections of scientific inquiry, that they have carried nway 
m1ny new conceptions, many fmitful germs of thought, caught 
perhaps from a discussion turning upon questions appnrcntiy very 
remote from their own pursuits. An object just perceptible on 
a distant horizon i; wmetimes better descried by a. careless side· 
ward glance than by straining the sight directly at it; and so 
capricious a gift i; the inventiYe faculty of the human mind that 
the clue to the mystery hid beneath some complicated system of 
facts will sometimes elude the most and systematically 
conducted search, and yet will reveal itself all of a sudden upon 
some casual suggestion arising in connection with an apparently 
remote subject. I believe that the mixed character and wide 
range of our discussions Ins been most f:wourable to such happy 
accidents. Dut even npart from these, if the fusion in this sec· 
tion of so many Yarious branches of human knowledge tends in 
some degree to keep before our minds the oneness of 
science, it does us a good service. There can be no · question 
that the increasing specialisation of the sciences, which appears 
to be ine1·itable at the present time, does nevertheless constitute 
one great source of danger for the future progress of human 
knowledge. This specialis1tion is inevitable, became the further 
th·! boundaries of knowledge are extended in any direction, the 
more laborious and time-absorbing a process docs it become to 
travel to the frontier; and thus the mind has neither time nor 
energy to sp:ue for the purpose of acquainting itself with regions 
that lie f:tr away from the track over which it is forced to travel. 
And yet the disath-antageiof excessive specialisation nre no less 
evident, because in natural philosophy, as indeed in all things 
on which the mind of man cnn be employed, n certain wideness 
of view is essential to the achieYcment of any great result, or to 
the discovery of anything really new. The twofold caution so 
often given by Lord B.1con against oyer-generalisation on the 
one h:.nd, and against over-specialisation on the other, is still as 

as ever of the of mankind. Bat in 
oar time, when vague generalities and empty metaph}·sics 
h1ve J,een heo.ten once, and we may hope for ever, 
out of the domain of exact science, there can be but 
little doubt on which side the danger of the natural philoso· 
pher at present lies. · And perhaps in our section, as at preoe!lt 
constituted, there i; a ircer and fresher air-we are, perhaps, a 
less inadequate of "that greater and common 
world " of which Lord Dacon speaks, than if we \vere subdivided 
into as many parts a$ we include-! will not say sciences-but 
groaps of sciences. Perhaps there is something iu the very 
diversity and multiplicity of the subjects which come us 
which may serve to remind us of the complexity of the prob!cms 
of science, of the diversity and multiplicity of n:1ture. 

On the other hand it is not, as it seems to me, difficult to 
assign the nature of the unity which underlies the diYersity of 
our subjects, and which justifies, to a ,-ery great e.·<tent, the jLL"(tn· 
position of them in our section. That unity consists uot so 
much in the n1ture of the subj themseh·es, as in the nature 
of the methods by which they are A mathematician, at 
least-and it is as n mathematician I ha1·e the privilege of address· 
ing you-m;1y be excused for contending that the bond of union 
among the sciences is the mathematical spirit and the 
nuthcmatical method which pen·adcs them. As has been said 
with profo:md truth by one of my predecessors in this chair, our 
knowledge of nature) as it advnnces, continuously resoh·cs differ­
ences of quality into diff.:rences of All exact reasoning 
-indeed all reasoning-about qu:llltity is mathematical reason­
ing; and thus ns our knowledge increases, that portion of it 
which becomes mathematical increase> at a still more rapid rate. 
or all the great subjects wllich belong to the province of this 
section, take that which at first sight is least within the 
d'Jmain of mathematics-! mean meteorology. Yet the part 
which bears in meteorology increases every year, 
and seems destined to incrc:..sc. Not only is the theory of the 
simplest instruments of meteorology essentially m:1thematical, 
but the discussion of the which, be it remem. 
bered, depend the hopes which nre already entertained with 
increasing confidence, of reducing the most variable and com. 
pie;.;; of all known to exact laws-is a problem which 
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nl)t only belongs wholly to m:tthematics, but which taxes to the 
utrno.,t the re;ources of the mathematics which we now possess. 
So intinute is the union between m:tthematics and physics that 
prohably hy far the larger part of the accessions to our mathe­
matical knowleilge hlVe been o1>tained hy efforts of mathe­
mJ.ticiam to soh·e the proh!ems set to them by experiment, :md to 
create "for each sncces;ive class of phenomena, a new calculus or a 
new geometry, as the case might h<", which might prove not wholly 
inarlegu:tte to the subtlety of nature." Sometimes, indeed, the 
mathematician has been before the physicist, and it has happened 
that when some great and new question l1as cccurred to the 
experimentalist or the ob,en·er, he has found in the armoury of 
the mathematician the weapons which he has needed ready made 
to his h:md. But, much oftener, the questions proposed by the 
physicist transr.ended the utmost powers of the mathematics 
of the time:, and a fresh mathematical creation been needed to 
suprly the log-ical instrument requisite to interpret thenewenigrna. 
J'erhaps I way be allo ·'·cd to mention an of each of 
tho>e twu·ways in which m:tthematical physicyl discovery 
have acted and re-acteJ on c:tch other. I purposely choose 
example• which are well known and belon6, the one to the 
olde;,t, the other to the latest times of history. 

The e:trly Greek geometers, consider<tbly before the time of 
Euclid, app!ied. them>eh·cs to the study of the various curve 
lines, in which a conical figure may be cut hy a plane-curve 
lines to ·which they ga,·e the n1me, ne,·er since forgotten, 
of conic 1t is difficult to imagine that ally pro­
blem ever ha,i more complettly the character of a "problem 
of mere curiosity," than this prvblem of the conic sectiom must 
hJ.ve had in those earlier time,. Not :t single n:ttural pheno­
menon which in the state of science at that time could have been 
intelli!;ently obsen·ed wa> likely to require for its explanation a 
knowledge· of the nature of these curves. :;)till less can any 
application to the arts have possible ; a nation which did 
not even uc;e the arch w<re not likdy to use tl.e ellipse in any 
work of construction. The difficuhies of the inquiry, th<: 
p!e:tsure of grappling- \vith the unkno.vn, the love of ab.;tract 
tmth, can alone )Ia\·e furnished the which attracted some 
of the most powerful minds in antiquity to this research. If 
Euclid. and Apolloniu; had bten told by '1'ny of their contcm. 
poraries that they were giving- a wholly w-rong- direction to their 
energies, and that instead of dealing- with the problems pre­

to them by nature were applying- their minds to in­
qttiries which not only were of no use, hut which never could· 
come to be of any use, I do not kno.v what answer they could 
have given which might not now be given ";th cgml, or even 
with greater justice, to the similar r"proaches which it is 
not uncommon to addres< to those mathematicians of onr 
own day who. study qu.mdc.; of n-indderminates, curves of 
the tt:h order, and (it m:ty be) spctces of n-dimcnsions. And 
not only w, but for pretty two thousand ye:trs, the expe­
riet,ce of mankind would hn.•·e justified the objection : for there 
is no record that during that long period which intervenccl 
between the first inveution of the conic and the time of 
Galileo and Kepler, the knowledge of these curves possessecl by 
geometecs w.t:;of the slighte't usc to natural science. And yet, 
when tJ,e fulness of tiin..: was come, these seeds of knowledge, 
that had wa>tc<l so long, bore splendid fruit in the discoveries 
of Kepler. lf we may use the {,'Teat names of Kepler 'mHl 
K e" ton to signify in the progress of human discovery, it 
is not too much to that without the treatises of the Greek 

on the conic £tctions there could have been no Kepler, 
\dtl1out Kepler no Kewtun, and wi(hout Newton no science m 
our modern H:nse of the term, or at least no such conception of 
nature as now I ies at the b:ts·:s of all our science; uf nature as 

in it< sn1allest a• \\·ell as in its phcnon1ena, 
to exact quantit-Ltt\·e relation•, and to definite numericalla\vs. 

This is an o!J story; hut it has always seemed to me to 
convey a lesson, occasionally neeJed evert in our own time, 
against a species of scientitic utilitarianism whic\1 the 
scientific man to devote himself to the le;s abstract parts of 
science, as bein"g more likdy to bear immedio.te fruit in the 

of our knowledge of the \vorld without. 1 at! mit, 
hosever, that the ulttmate good fortune of the.Greek geo­
meters can hardly ,,e expected by all· the abstract spe.cul:ttions 
which, .in the form ol m:tthem:nical mt:moirs, crowd the Tran· 

of the learned societies; and I would ,:enturi to add 
that, on the parf <1f thi: JOllathematicbn there is 100m for tl1e exer. 
cise of good sense, and, I would almost say, of a kind of tact, 
in the selection of those branches of mathematical inquhy" whlch 

are likely to be conducive to the ad\·ancement of his own or any 
other science. 

I pass to my second example, of which I may treat very briefly. 
In the course of the present year a treatise on electricity has 
been published by Prof. l\Iaxwe.J, giving a complete account of 
the m:tthematic:tl theory of that science, as we owe it to the 
l:tbo:us of " long serie< of distinguished men, beginning with 
Coulomb and ending with contemporaries of our own, in­

Prof. Maxwell himself. No mathematicia·n can turn 
over the pages of these ,-o!umcs without very specdtly con­
vincing himself thJ.t thev contain the first· outlines (and 
somethin)! more than the· Erst outlines) of a theory which 
has already added largely to the methods and resource> of pure 
m:tthem:ttics, and which m:1y one day render to that abs!ract 
science services no less th:J.n thost! whicldt owes to astronomy. 
For electricity now, like astronomy of old, has pbced hefore 
the mathematician an entirdy nc>v set of questions, requiring the 
creation of entirely new mtthods for their solution, while the grc:J.t 
practical importance of telegraphy has enabled the methods of 
electrical measurement to be rapidly perfected to an extent which 
renders their accuracy comparable to that of astronomic::ti. observa­
tions, and thu; makesit possible to bring the most abstract deduc­
tions of theory at e.-ery momcnfto the test off act. It must be con­
sidered fortunate for the mathematicians that such a vJ.st fidd of 
research in the application of mathemJ.tics to physical inquiries 
should be thrown ppen to them, at the very time when the scien­
tific interest in the old math<'matic:J.l astronomy has for the 
moment flagged, and when the very nan:c of physical astronomy, 
so long appropriated to the m1.themattcJ.l development of t<le 
theory of gravitation, appears likely to be handed over to that 
wonderfnl series of <iiscovcrics which have already taught us so 
much concerning the physical constitution of the heavenly bodi::s 
themselves. 

Having now st:-.ted, from the point of Yicw of a mathematician, 
the reasons which appear to me .to justify the existence of so 
composite an institution as Section A, and the advantages which 
that 'cry compositeness sometimes Lring; to those 'i·ho attend 
its meeting>, I wish to refer very briefly to certain definite ser· 
vices which this section h:1s renclered and may yet. {ender to 
Science. The improvement and extemion of scientific educa­
tion is to many of us one of the most urgent questions of the 
day ; ancl the !lrirish Association has alre:tdy exerted itself more 
than once to press the question on the public attention. Perhaps 
the time has arri•·ed when some further efforts of the s:tme kind 
may be desirable. Without a rightly organised scientific edu· 
cation we cannot hope to maintain our supply of scientific men; 
since the increasing comple>:ity and difficulty of renders 
it more and more difficult for untaught men, by mere power of 
genius, to force their way to the ftont. Every improvement, 
therefore, \vhich tends to render scientific knowledge· more acces· 
sible to the learner, is a real step towards the ;J.dyancement of 
icience, because it tends to increase the number of well qu:tli­
fied \vorkers in 

For s:>me years past this section has appointed a committee tcr 
aid in the improvement of geometrical teaching in this com; try. 
The report of this committee wt.ll be laid befvre the section in 
due course; and \vithout anticipating any discussion that may 
arise on that report, I think 1 may say that it will show that we 
havcadyanced at least one step in the direction of an important 
and long-needed reform. The action of this section led to the 
formation of an Asc>ociation ior the improvement of geometrical 
teaching, and the members of that Associ:tfion havt: now com­
pleted the first part of their work. They seem to me, and to 
other judges rnuch 1nore competent than myself, to have been 
guid.ed by a sound judgment in the execution of their difficult 
task, and. to have held, not unsuccessfully, a middle cuurse be­
tween the views of the consen'ati•·es whu would uphold the 
absolute· monarchy of Euclid, or, more properly, of Euclid as 

by Simeon, and the radtc:tls who wou1d dethrone him alto· 
One thing at least they have not forgotten, that geomc· 

try is nothing if it be not tigoro\JS, and that the whole educ:.­
tional value of the study is lu,t, if strictness of de1non;tration be 

with. . The methods of Euclid are, by almost universal 
consent, unexcei1tionable in point of Of this perfect 
rigorousness his doctri11eof parallels, and his doctrine of propor­
tion, are perhaps the mo;t striking examples. Euclid's 
tr<atm,nt of the doctrine of parallels is of perfect 
rigorousness, is an assertion which sounds almost paradoxical, 
but which I, n·evertheless, believe to be trlle. Euclid has based 
his theory on an axio-m (in the Greek text it is one of the postu-
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lates, but the difference for our purpose i> imnntcri:J.l) \Yhich, it 
may be safely said, no unprejudiccl mind Ius accepted ns 
self-evident. And this unaxiomatic axiom Euclid ha> cho;cn to 
stat<!, without wrapping it up or dis;.:uising it,-not, for example, 
in the plausible form in which it has stated hy Playfair, 
hut in lts crudest shape, as if to warn his reader that a great 
assumption was being made. This perfect honesty of logic, 
refusal to varuish over a weak point, has hac! its reward; for it 
is one of the triumphs of modern geometry to have shown that 
the eleventh axiom is so far from ueing an axiom, in the sense 
which we usually attach to the word, that we cannot at this 
moment be sure whether it is abs.,lutdy and ri;:orou>ly true, or 
whether it is only a very close approxinution t•> the truth. Two 
of those whose labours have thrown much light on thi< difTteult 
theory are at pre;ent at this meeting-Prof. Cayley, and a di<tin· 
j:Uis'Ied German mathematician, Dr. Felix. K 1em; and I :tm sure of 
thdr adherence when 1 say th:J.t the s:t:;;aciry ancl iu,ight oi the 
'o!d geometer are only put in a clearer light, by the >Ucce;s which 
has attended the attempt to construct a sy,tem of geometry, con· 
sistent with itself, and not by exp.:rience, upon the 
assumption of the falsehood of ele,enth :txiom. 

Again, the of proportion, as laid down in the fifth 
book of Euclid, is, probably, still un<urpassed '"' a m.1sterpiccc 
of exact reasoning; althou!(h the of tlre forms of 
exprcs;ion which were adopted in the olcl gco.nctry has led to 
the total ex.clu;ion of this part of the dements from the ordi­
nary courRe of geometrical education. A zcaloas deien<kr of 
Euclid might add with truth that the gal' tam created in the 
elementary teaching of mathematics has never been adequately 

But after all has been said that can be said in pra;se of Euclid, 
the fact remains that the f.1rm in which the wurk i< con.pnse<l 
render< it unsuitable for the earlier s:agcs of education. Euctid 
\l'f•Jte for men; whereas his work ha., been used fvr children, 
:tnd it is surely no disp:tragement to the great gecm.eter to sup­
pose that after more than 2,000 years the experience of gtneratiuus 
uf te:tchers can sugg<St changes which may make his Elemems, 
1 \Yill not say mort: perfect as a piece o{ geometry, but more 
easy for very young minds to follow. Tne dtfliculty ot a b,ok 
or subject is indceLl nut in itself a fatal ohjPction to its US<! in 
education, for to learn how to overcome difTtculties is one great 
part of education : Geometry is hard, just as Grtek is hard, and 
one reason why Geometry and Greek :tre such excellent ecluc:J.· 
tional subjects is precisely th:tt they arc h:tn!. But in a world 
in which there is much to le:trn, "e must le:un every thin:; in 
the easiest "ay in which it can he le:tmt; :tnd after we have 
smoothed the way to the utmost of our power, there i,; sure to be 
enough of difficulty lefr. I regard the question of some reform 
in the te:tching of elementary geometry :ts so compldely settleci 
by a great concurrence of opinion on the part of the most compe· 
tent judges, that I should hardly have thought it necessary to 
direct the attention of the section to it, if it were not for the 
following reasons:-

First, th:J.t the old system of geometrical instruction still re· 
main; (with but fe1v exception,) p:tramount in our school,:, 
college;, and universities, and must rcntain so until a very great 
consensus of opinion is o:Jtained in fa Your of some one detinite 
text-book.. It :tppears to me, therefore, that the dutx 'rill 
eventually devolve upon this section of the British Association; 
of reporting on the attempts that have been made to frame an 
improved system of gcomdric:tl education; and if it should be 
found that these attempts have been at last successful, I think 
that the British A'5ociation should lend the whole weight of its 
authority to the proposed change. 1 am far frOJm suggesting that 
any such decision should be made immediately. The work 
undertaken by the Association fvr the irnprvvemem of geometrical 
teaching is still f:tr from complete ; atl(l even when it is complete 
it must be left to hold its own against the criticism of all comers 
before it can ·acquire such an amount of public confidence as 
would jm,tify us in recommending its :tcloption by the great 
teaching and examining bodies of the country. 

Secondly, I have thougut it right to rc111ind the section of the 
part it has taken with reference to the reform of geometrical 
teaching, t•cc.1.use it appe:trs to me that a task, at once of ks< 
difliculty anci of mme intmc1.liatc itupurtance, might now !Jt: 
undertaken by it with great "advantage. There is at the pre.'cnt 
moment a very general agreement that a certain amodnt of 
natural science ought to be introduced into school education ; 
:tnd m:tny schools of the country have already made most laud­
able efforts in this direction. As far as I can judge, there is 

further a general that :t go0d school course of natural 
science ought to indude some part or p:ut.; of phy,ics; of chemis· 
try, and of biology ; but I think it will Le found that while the 
courses of chemisrry given at our best schools are in the main icen­
tical, there is great di,·ersity of opinion as to the parts o! physics 
:t11d of hio!"gy ,\-!tich should he selected as suitable for a school 
education, am\ a still greater diver>ity of opinion as to the methods 
whichshoald be pursued in teaching them. Under these circum· 

it is not surpris ng to find that the masters of tho>e schooh 
into which natural science has hardly yet found its way (and some 
of the lan.;cst an<! most impot1.1nt schools in the country are in 
this ckss), arc duubtfLtl as to the course which thl'y sh,mld take; 
ancl from not kno"ing precisely what they should do, have not 
as yet mach: up their mind; to <lo anything of import:mce. There 
c:m be no doubt th:J.t the masters of such schools would he glad 
<•11 th"e points t<l be gu\clc<l by the opinion of men; 
:mrl I c:ttmo: help thinkir'g that thi;; opinion woulcl be more 
unanimous than is supposed, :tutl further, that no 
public body would be >O likely to elicit an cxprfss!oa of it, as a 
Committee appointed by the British A55vci<>iion. I bdie\·e 
that if such expres<!oa ,,f the opinion of scientific men were 
once obt:titwd, it would not only tend to give a right direction 
to tlte >tudy of natural science in school.<, but might also h:tvc 
tl1e efTect of ind11cing the public generally to take a higher and 
mo,re truthful ,-iew of the ohjcc· s "hich it is sought to atr:tin hy 
introducing natur;1l sd.:-ncc ns an e1t:n.ent ir.t() courses 
of ccluc:ttion. All knowledge of natural sci.,nce that is impartecl 
to a boy, i•, or may be, meful to him in the bn<ine>< of his after 
life ; but the claht of natural science to a place in e<lucation 
cannot be upon its practical mcfu\ness only. gr.e:lt 
object of education is to ex panel aucl to train the mental hcul:ies, 
and it is bec:tu>e we he lion: that the of natural science 
is eminently fitted to further theset\\O tl1at \Ve urge its 
introductio't int•> school s:ucli<s. !:ici.nce expands the rnirds of 
the yuung, h. cap __ ;;e it ]lUts Lerore the,n gre.it and ennoblinf! 
obje<ts of contcnip1ation; many of its a•e such a< :t child 
can understand, and yet such ti1at, while in a measure he un.ler­
>tands them, he i> ma•le to f<cl >omethillg of the greatncs<," licnne­
thing of the sublime regularity, and of t!.e imper.etrablc n.ysterY, 
of the world in which he is [•!:teed. llut science also trains the 
growing faculties, for science proposes to itself truth a> its only 
ohjcct, ann it pr<SClltS the most varie.J, and at the same time t]IC 
nt<ht splendid example$, of the diiTerent ment:tl proce;scs which 
lead to the attainment of truth, and which make up we call 
reasoning-. In science, error i« always pos-ihle, often close :tt 
hand; ar.d the c.mstant for being on onr g<1ard against 
it is one important part of the cduc,tion "hich science supplies. 
Ilut in sc:cr.c<', sophistry is impossible; science knows no lu'e ot 
paradox.; sci<.-nce has no skill to make the "or,e appear the better 

·; sc!en..:c visits with a not loug deferred exposure nll our 
fondness for preconcei \'ed opinioH>, all our for views 
that we have ourseh·es maintained, and thus kache< the two 
be,t lessons that can wtll te taught-on the one the love 
of tnnh, and on the other, sobriety and watchluines.; in the use 
of the understanding. 

In :tccordance wit<l.tilese views I am disposed to ins'st very 
strongly on th<: imponanc<! of assigning to phpics, th:tt is to 'ay 
to those suhject> which "e di.,cuss in thi.; soction, a very 
pro10incnt place in education. from the great sciences Lf 

such as hot<tny, or or gculogy, tht! young 
studtnt learns tll f1r ntorc simply, tt; use Ius cyts ; h_e 
gets that edncatior. of the scn,e.> "htch is after dl ;o impor· 
tant, aucl which a purely grammatical atH\ litaary education so 
wholly fails to giw, F rum chemistry he learm, ai>ov't: all other 
things, the mt of experimenting-, aud of·experitnentiug for him­
self. But from Letter :ts it seems to me than from any other 
part of science, l1c nuy Lam to rea,on with con5e<:mh·-tKSS ancl 
precision, from the supplied by the immeoi:ue observation 
of natural phenomen:t. I hope we shall StC the time when each 
successive portion of matl,ematkal knowledge acquhed uy the 
pupil willlJc mail.., immecliJ.!ely avaibhlt: lor hi< mslructivn iit 
physics; ancl whtn every thin,: tirat he learns in the l hysical Ia bora· 
tury will Lt: mc.clc th<: ,uhject of mathematical and col· 
cul:ttion. In s .. mc few sclwols l believe that this ts already the 

and I tldnk v. c n:ay hope well for the fmure, Loth of 
nnthematics_a,.d physics irt this when the practic.., be· 
comes universal. ln one r'-'spect the is fa,·ourable for such 
a revolution in the mode of teac\,ing physicd science. During­
the past few years a number of text-books have been made avail· 
able to the learner, which far surpass anything that was at the 
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disposal of former generations of pupils, and which are probably 
as completely as the present state of science will 
admit. It is pleas:mt to record that these text-books 
are the work of distinguishEd men who have always 
taken a prominent p:trt in the proceedings of this sec­
tion. \\'e have Deschanel's Physics, edited, or rather rc­
\Yrittcn, by Prof. Everett, a book rem:nkable alike for the 
cleamess of its explanations and for the beauty of the engravings 
with which it is illustrated; and passing to works intended for 

somewhat furth:r :Hh·anced, we ha,-e the treatises of Prof. 
lblfo:1r Stewart on Heat, of Prof. Clerk :\lax\Yell on the Theory 
of Heat, of Prof. Fleemiog Jenkin on Electricity, and we expect 
a similar treatise on Light from another of our most dis tin· 
guished members. 

These \\·orks breathe the very spirit ot the method which 
s'oould guide both research and ·education in p'lysics. They 
cxpre£s the most profound and far·reaching generali<ations of 
s:ience in the simplest language, and yet with the utmost 
precision. \Vith the most sparing use of mathematical 
technicalities, they are a perfect storehouse of npthema­
tical ideas and mathematical reasonings. An old French geometer 
useJ to say that a theory was neYer to be considered 
complete till you had made it so clear that you could explain it 
to the first m:m you met in the street. This is of course a bril­
liant exaggeration, but it is no exaggeration to say that the 
eminei1t writers to whom .I have referred haYe gh·en something­
of thi; clearness and completene;s to such abstract mathenutical 
theories as those of the electrical potential, the action of capil­
bry forces, and the definition of ab;olute temperature. A great 
object will ha,·e been attained when an education in physical 
science on the b:tsis laid down in these treatises has b:come 
generally accepted in our schools. 

I do not wish to cl<;>se this address without ad,·crling-, though 
only for one moment, to a question which occupies the minds 
of many of the friends of science at the pre,ent time, the question 
what should be the functions of the State in supporting, or in orga· 
1iising, scien•ific inquiry. I do not mean to touch on any of the 
ciffi:ultics which attend this question, or to expre;s any opinion as 
to the controversies to which it has given rise. But I do not 
think it can be out of place for the President of this section to 
call your attention to the inequality with which, as between 
different branches of science, the aid of Government is afforded. 
National ob,ervatories for astronomical purposes are maintained 
by this, ns by every ci viliscd country. Large sums of money are 
)early expended, and most rightly expended, by the Govern­
ment for the maintenance of museums, and collections of 
mineralogy, botany, and zoology; at a very recent period an 
cxtemiye chemical laboratory with abundant appliances for re­
search as well as for instruction has been opened at South Ken­
sington. But for the physical sciences-such sciences as those 
of heat, light, and electricity-nothing has been done ; and I 
confess I do not think that any new principle would be intro­
duced, or any great burden incurred, capable of causing alarm 
to the mo;,t sensiti,·c Chancellor of the Exchequer, if it should 
be determined to establish, at the national cost, institutions for 
the prosecution of these branches of knowledge, so im­
port:mt to the progress of science as a whole. Perhaps also, 
upon this general ground of fairness, even the pure mathemati­
cians might prefer a modest claim to be assisted in the calculation 
and printing of a certain number of Tables, of which even the 
physical applications of their science are · to feel the 
pressing need. 

Or.c word further on this subject of Stale assistance to Science, 
and I have done. It is no doubt true that for a great, perhaps 
:m increasing, number of purposes, Science requires the assistance 
(I[ the S:ate, but is it not nearer to truth to thc..t the State 
requires the assistance of Science? It is my com·iction that if the 
true relations between Science and the State are not recognised, it 
is the State, rather than Science, that will be the great loser. 
\\'Lhout Science the State may build a ship that cannot Sl\ im, and 
may waste a million or two on experiments, tl:c futile result of 
which Science could have foreseen. llut \Yithout the State, 
has clone very well in the past, and rna y do very \\·e 11 in time to come. 
I am not sure that we should know more of pure mathematics, 
or of heat, of light, or electricity than we do at this moment if 
we had had the bc;t help of the State all the time. There are, 
howe,·er, certain things which the State might do and oaght to 
do for Science. It, or corporations crcnted by it, ought to 
undertake the responsibility of carrying on those great systems; I 
of obsen·ation whlch1 ha\·ing a secul:tr ch:uacter1 cannot be com• 

pleted within the life-time of a single generatio:1, and cannot 
he safely left to individual energy. One other thing the 

State oug-ht to do for Science. It ought to pay scientific men 
properly for the services which they render directly to the State, 
instead of relying, a> at present, on their ]o,·e for their work as a 
means of obtaining, their services on lo\Yer terms. If anyone 
doubts the justice of this rem:trk, I would ask hi:n to compare 
the salaries of the officers in the n,itish l\[u;cum with those 
which are in other departments of the Civil Sen·ice. 

nut what the State cannot do for Science is to cre1te the 
tific spirit, or to control it. The spirit of scientific discov<ry is 
essentially voluntary ; voluntary, and e\·cn mutinous, it will re­
main: it will refuse to be bound "·ith red or ridden by 
officials, whether well-meaning or perverse. You cannot ltave 
an Established Church in· Science, and, if you had, I am afraid 
there are many scientific men who would turn s:ientific noncon­
formists. 

I venture upon these remarks becau£e I cannot help ftcling 
that the desire which is now manifestin;t itself on the part 
of some scientific men to obtain for Science the powerful aiel of 
the State may perhaps lead some of us to forget that it is Eelf­
reliance and self-help which have made Science what it is, and 
that these are qualities the place of which no help 
can ever supply. 

Rtjw-t of the Commit!t-c appoiutc'd lv comiJ,·r the OJ 
imprtn·wg the 1!ldhtJds if imtructiou iu Elementary Gtomdry. 

Until 1·ecently the instruction in elementary geometry giYen 
in this cmmtry was exclusiYcly based upon Simson's modification 
of the text of Euclid. Of late years, howcYer, attempt;; have 
been nurle to introduce other text-hooks agreeing \Yith the 
ancient Elements in general plan, but differin;; from it in some 
important details of treatment. And in particubr, the Associa­
tion for the ImproYcment of Geometrical Teaching, having- con.­
sidcred the \Yhole question with great labour and deliberation, 
is engagccl in the construction ?f a Syllabus, part o\ which is 
alrearly completed. The Com!mttee had thus to constdcr, first, 
the question of the plurality of text-bo:Jks; s:conJ!_y, certain 
g-eneral principles on which de,·iation from the ancient 5tandard 
has been recommended; and, thirtfly, the Sylhbus of the 
Geometrical A>sociation. 

I. Ou the Plurality if Tt.ri·Bec>l:s. 
It has already been found that the practical difficulty of ex­

amination stands in the \Yay of allowing to the geometrical 
teacher complete freedom in the methods of demonstration, a"d 
in the order of the propositions. The difficulty of demonstrating 
a proposition depends upon the number of assumptions which it 
is allmmble to start from ; ::md this depends upon the order· in 
which the subject Jus been presented. \\"hen different text-books 
have been used; it thus becomes virtually to Eet the 
same p:tper to all the c:mdiJatcs. And in this country at present 
teaching is guided so hrgcly by the re<1uiremcnts of examillltio;Js, 
that this circumstance opposes a serious barrier to individual 
attempts at impro\·cment. On the other lund, the Committee think 
that no single text-book \Yhich h::s yet ken pro4uced i;; fit to 
succeed Euclid in the position of authority; and it does not seem 
prob:tble that a good book could be writtea by the joint action 
of selected individuak It therefore seems :.d,·isable that the 
requisite uniformity, and no more, should be obtained by the 
public:1tion of an authorised Sylbbus, indicating- the order of 
the propositions,. and in some cases. the of the 
demons:rations, but leaving the r;;hoicc of the text-book perfectly 
free to the teacher. And the Committee belic,·c that the 
authorisation of such a Syliabus might come from the 
llritish Association. 

2. Ou some l'riucijlcs o/ Imjrtn·,·!lwd. 
The Committee recommend that the teaching of Practical 

Geometry should precede that of Theoretical Geometry, in order 
that the mind of the learner may first be familiai·ised \Yith the 
facts of the science, and after\\"ards led to sec their connection. 
\Yith this end the instruction in practkal geometry should be 
directed as much to the vcrificatlon of theorems as to the 
solution of problems. 

It has been .proposed to introduce \\"hat arc called redundant 
axioms ; that is to say, assumptions whose truth is apparently 
oln·ious, but \vhich arc not independent of one another. Such, 
for example, us the hvo assumptions that t\\"o siraight lines 
cannot enclose a space, and that a straight line is the shorlcst 
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distance between any two of its points. It appears to the Com­
mittee that it is not advisable to introduce redundant axioms; 
but that all the assumptions made should be necessary for de­
monstration of the propositions, :md independent of one 
another. 

It appears that the Principle of Superposition might :uh-:m­
tag-eously be employed with greater frequency in the demonstra­
tions, and that an explicit recon-nition of it as :m axiom of fun­
damental assumption should be at the commencement, 

The Committee think also that it would be advisable to intro­
duce explicitly certain definitions and principles of general log-ic, 
in order that the processes of simple conversion may not be con­
foundell with geometrical methods. 

3· T!r.: Syt!abus of lht: Ccomddca! Association. 
The Association for the Improvement of Geometrical Teaching 

has imted (privately) a Syllabus covering the ground of the first 
four books of Euclid. The Committee arc of opinion tl?c"lt the 
Syllabus is decidedly good, so far as it goes, but they do not 
wish to make a detailed report upon it in its present incomplete 
state. "'hen it is finished, however, they will be prepared to 
report fully upon the merit of its several parts, to make such 
suggestions for revision as may appear and to discuss 
the ad\isability of gh·ing to it the authority of the British 
Association. For this purpose the Committee request that they 
may be reappointed. 

SECTION B.-CnEmSTRY 
A report on Essmtial Oils, prepared by Dr. \Vright and Dr. 

Gl:ldstone, was read by the former. 
On Black Dtposits of lJictals, by Dr. Gladstone, F.R.S. 
If one metal be thrown do·.vn from solution by means of 

!mother metal, it does not always present itself of the same , 
colour as it exhibits when in mass; in fact, most met:1ls that 
arc capable of being precipitated by substitution may be obtained 
in a black condition. The allied metals, platinum, palladium, and 
iridium, are generally if nc.t always black when thus precipitated, 
and bismuth and antimony form black fringes and little else. 
Similar fringes are also formed by gold, but it also yields green, 
yellow, or lilac metal nccording to circumst:mces. Copper, 
when first precipitated on zinc, whether from a weak or a 
solution, is black ; but in the htter c:1se it becomes chocobte­
coloured as it nd'l'ances, or red if the action more rJp!d. 
Lead, in like manner, is always deposited bbck in the first in­
st:mce, though the growir.g crystals soon become of the well­
lm0\\11 dull grey. Silver and thallium appear as little bushc; 
of black metal on the decomposing plate, if the solution be very 
weak; otherwise they grow of their proper colour. Zinc and 
cadmium gi\·e n black coating, quickly passing into grey when 
their weak solutions arc decomposed by magnesium. The gene­
ral result may be stated thus : If a piece of metal be immersed in 
the solution of another metnl which it can displace, the biter 
metal immediately makes its appearance at myriads of points in 
a condition that does not reflect light; but as the most favour­
ably circumstanced crystals grow, they acquire the optical pro­
perties of the massive metal, the period at whicil the 
takes place depending partly on the nature of the metal and 
partly on the rap:dity of its growth. In the prcduction of the 
black deposit of the copper-zinc couple lately employed hy the 
author and l\Ir. Tribe to break up v:nions compound bo:iics, 
there are stages that may be noticed. At first an out­
growth of copper forms on the zinc ; then, while this action is 
still proceeding, the couple itself acts upon the water or the 
phate of zinc in solution, the metallic z!nc being oxidi>cd, and 
hydrogen gas or bl:lck zinc being fo rmed against the copper 
branches. This deposit of zinc was obsen·ed by Dr. 
Russell. The arrangement of the plrticles between the h':O 

metals in connection is supposed to be somewhat thus:-
Cu I Zn so. I Zn so. I II20 I n.o I Zn 

wh!ch, by the conjoint power :md chemical force, becomes­
CuI Znl Zn so. l H, I H,o I Zn 

If there is still copper sulphate in the solution, this deposited 
zinc may in its tum become coated \Yith copper, but if it remains 
exposed to water it is sure to become oxidised. The black de­
posit often assumes n brownish colour when this is the ca!e. 
The copper on which zinc Ius been deposited gives a brassy 
streak when rubbed in a mortar; but the presence of oxide tends 
to prevent the sticking together of the detached pieces of metal, 

and thu; the fOimation of a streak on pressure. If, however, the 
oxide be removed by acetic acid, the clean mmifications of met:i.l, 
whether black or otherwise, conglomerate of their o;vn accord 
in a remarkable way, and little pressure is required to obtain ::t 
yellowish metallic streak ; while if hydrochloric acid be used, 
the zinc itself also dissolves with effervescence, aml the con­
glomerating pieces of metal, when rubbed, give a coppery 
streak. 

The Secretary read a paper communicated by Mr. Tribe, O;z 
an Impnr..•,·d Sp,djic Gravity Bottk The apparatus was orici­
nally designed for taking the specific :;ravity of inflammable 
liquids, hut, as the President explainell, it might be used for any 
other cl:lss of liquids. 

\V. II. Pike read ::t paper on Scv.tra! J/omologms of Oxa­
luric Acid. 

The nnl1ydrides of dibnsic acids combine with urea and sulpho­
urca to form bodies which have the general formula. 

<
CO-N II-CO-

R • The acids in this series which 
COOH 

have been obtained are-
CH2-CO-NH-CONH. 

Succino-carbaminic acid, I • 
CH2-COOH. 

Succino-sulpho-carbaminic acid, I • 
CII2-COOH. 

/
CO.NH.CS. NH., 

Citracon sulpho·carbnminic acid, C3Hh -
'-COO H. 

Dr. \Vright read a p:>.per on .Nc<<J Dah·ati<:a of Codeine and 
.l:forjhilu. 

It was a r:.sum! of the results obtained in the previous year in 
continuation of those brought before the Association on former 
occasions. 1\Iorphine gave rise by treatment with sulphuric acid 
to polymerides precisely analogous to those obtained from codeine 
under similar conditions. Trimorphine and tetramorphine had 
been isolated, but di-mmphine had not yet been formed. Deri­
Yatives from these bodies by the action of hydrochloric acid had 
been obtained and extended. By the action of hydrochloric acid 
on morphine a chlorinated product bi been formed. By 
further treatment this formed apomorphine, a new body. Under 
the same circumstances codeine gave rise to a chlorinated base 
homologous with that from morphine. But further action gave 
rise not to the apomorphine, but to a somewhat similar body 
containing more of the elements of water. The action of zinc 
chlorides on morphine had also beett examined ; the final pro­
ducts were apomorphine and an isomeric base of the tetra series, 
intermediate substances being formed. The physiological pro­
perties of most of theoe new derivatives hnd been stated, and 
some connection made out in certain cases between the composi­
tion ancl the physiological action. 

Friday, Sejt<mb,·r 19 

The report of the Committee for superintcndi ng the Monthly 
Reports of the Progre» of Chemistry was read. The report bore 
testimony to the great good wh!ch the of the abstracts 
of chemical papers by the Chemical Society had already effected, 
and in the discussion which ensued it was stated that amongst 
the purposes to which the Association applied its funds, there 
was none which had proved more useful than this grant. 

The report of the Committee on Siemens's Pyrometer was read 
by Pro<. G. C. Foster, F.H.S. 

The experiment of which the results were communicated to 
the Chemical Section of the Association in the Report pre­
sented h st year, having shown that the exposure of the l'yro­
meter to a red heat caused an altcr:1tion of the Zero-point of the 
instrument, which was attributed by l'rof. \Villiamson, in conse­
quence of experiments on the behaviour of platinum heated in 
contact with silica in an ::ttmosphere of carbonic oxide, to the 
chemical alteration of the platinum of the pyrometer-coil due to 
the joint action of the silica of the porcelai1I core on which the 
wire w::ts wound, and of the reducing atmosphere existing inside 
the pro:ecting iron tube. l\1 r. Siemens supplied the Committee 
with two pyrometers, in which, in order to guard against the 
cause of change above-mentioned, the platinum coil was incased 
in a platinum tube placed inside the outer iron tube. The ex• 
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periments of the Committee during the past year have been 
directed to testing the efficacy of this modification of the inslru· 
ment. Owing to circumstances, these experiments have not been 
as numerous or complete as they were intended to be, but, as 
far as they go, they imlic:tte that the addition of the platinum 
tube does not result in any perceptible improvement, since the 
h,·o pyron:eters supplied to the Committee were found to be 
as much ch:tnge<l, after being heated to a good red heat, :ts the 
instrument experimented upon last year. 

Independent testimony, howc\·cr, of considerable weight as to 
the v:tlue of Siemen>'s pyrometer, as an instrument for industrial 
use, has been borne by Prof. Adolf Weinhold, of Chemnitz 
(Programm dts l:iinigl. ho!urem Go-.rJerbschu!t: zu Chmmitz, I87J), 
\Yho a careful, critical, and experimental review of v:trious 
processes of pyrometry, arrh·es at the conclusion that this is the 
only ready-made pyrometer \Yhich can be recommended for use 
("Von den fortig zu beziehenden Pyromelem ist nur das 
Siemens'schc bmuchbarund empfehlenswerth," cit. p. 42). 

The Committee, therefore, consider that the furlher examina· 
tion of Siemens's Pyrometer is a matter of sufficient import· 
ance to justify them in the recommendation that the Committee 
be rc-::1ppointcd, and that the original grant of JO!. -no part of 
which has yet been expended-be renewed. 

SECTION D.-BIOLOGY 

DEPARniEXT OF ZOOLOGY AND BOTANY 

of the CommittN for the Foundation oj Statiom i1t 
diffirmt parts of the Globe. 

THE Committee reports th3t since the last meeting the 
Zoological Station ::1t Naples h::1s been completed, n photograph 
of which accompanies this report. 

Both the mechanical and scientific arrangements inside require 
perhaps two more months to be finished, and though the cost 
of the whole has exceeded in no small degree the estimates, 
Dr. Dohrn hopes nevertheless to ba!:lncc them by finding new 
means of income for the establishment. He has mcceeded in 
obtaining a subYention of r,soot. from the German Empire, and 
his scheme of Jetting working-tables in the laboratories of the 
station has met with geneml approval. Two tables have been 
let to rrussia and to Italy, one to llavarb, Baden, and the Uni· 
versities of Strasburg :tr d Cambridge. A letter from the 
Dutch l\Iinister of the Interior informs Dr. Dohrn that llol· 
land accepts the alTer of one t:lble for the stipulated annual 
payment of 751. Applications have also been made to 
the Imperial Government of Russia, both on the part of 
Dr. Dohrn and by different Russian scientific authorities. A 
correspondence has taken place between Dr. Dohm and Pro· 

Lovin and Steenstrup about a possible participation of 
the Scandina..-ian kingdoms, but h:ts as yet led to no definite re· 
suit. The case with respect to Switzer!:lnd and Saxony has been 
similar, but hopes are entutained that the.oe countries may join 
the others in their endeavour to support the Zoological Station, 
and every facility to their naturalists of profiting by this 
new and powerful instrument of investigation. 

Dr. Dohrn thinks it desirable to exp!:lin once more the leading 
ideas that have induced him to request the assistance of all these 
Governments and Universities. 

The Zoological Station has sprung up altogether in come· 
quence of the desire to f2cilitate investigation in marine zoology, 
and to enable naturalists to pursue their studies in the most eO"ec· 
tive manner and with the greatest possible economy of money 
and energy. All those zoologists that have visited Naples dming 
the last whom have been Professors Gegenbaur, 
Claus, Oscar Schmidt, that this end "ill 
be fully attained by the organisation and arrangements made or 
intended in the station. They all agreed that it is in the 
highest degree desirable that nobody who cares at all for the 
progress ot zoology should fail to join Dr. Dobra's exertions in 
bringing about a universal participation in the expense of keep· 
ing up the new establishmmt; and thus it is due to Prof. Oscar 
Schmidt's influence that the Imperial Government at llerlin hired 
a table for the Univenity of Strasburg, and to the initiation of 
Prof. ragrostacher that the Gmnd Duchy of Baden has also taken 
one table, whilst Prof. Claus bas promised his services to induce 
the Austrian Government to take a similar step. 

As is, we believe, universally known, no money-speculation 
whatever is contemplated by the founder of the Naples Station, 

in so far as money-speculation means a high interest and the 
return of the tapital invested into the pocket of the founder 
l'f evertheless every honest means will be used to procure as 
an Income as possible, for more than one reason. There is not 
only the necessity incumbent upon the establishment to repay 
some of the capital to those who have lent money to Dr. Dohm 
in order that he might complete the building in its actual en. 
larged state, a task for which his own means would not have 
sufficed, in spite of the German Government's subvention. There 
is further reserve funds to be provided for the eventuality that the 
income of the aquarium might at any time not cover the outlay for 
the year's management. And last, not least, it is just the plan to 
have every· year a certain sum to spend for scientific pursuits. 
If, for instance, Prof. Dubois-Reymond, as he has expressed to 
Dr. Dohm his wish to do so, should proceed to Naples to carry 
on experiments on the electric torpedo, it needs \muld require 
not inconsiderable means to buy the necessary apparatus phy. 
siological instruments, and to provide the famous physiologist 
e;·ery day with fresh materials to conduct his investigations on a 
scale large enough to yield a distinct result. Or to enable em­
bryologists to carry on an investigation on compamtive selection­
embryology, it re:]_uires means to buy large quantities of female 
sharks and skates, which are by no means so cheap as a foreigner 
might think. And for conducting well and accurately faunistic 
researches, everybody in this section knows what an amount of 
money must be spent in dredging-expeditions; how much 
trouble, how much time and work is necessary to get at the ani· 
mals and to determine theiridentityornon-iden:itywith the known 
and described species. And this is one of the foremost duties 
which the Zoological Station will propose to itself, as it is too 
well known how great a confusion exists with regard to syste­
matic and faunistic questions of the Mediterranean fauna. To 
bring this confusion to an end it will require more than one lus· 
trum and more than I,oool. There may perhaps have risen a 
prejudice among systematists against the new establishment as 
one which, in consequence of the partiality of its leader for Dar· 
winian views, might dispense altogether with 
Nothing could be more erroneous than such an opinion. The 
leader of the zoological station is as little opposed to systematics 
as the Darwinian theory itself. He of opinion-and the reporter 
can state this on the most absolute authority-that zoological bat­
tles may be best won according to Count 1\loltke's principle, "to 
march separately and to fight conjunctively," thus leaving to 
system:ltists their own route as well as to anatomists, vhysiolo· 
gists, and embryologists, on condition only that they mil, when 
meeting the enemy -error and ignorance-fight together. And 
he desires the zoological station to become such a battle-field, 
where all the different zoological armies may meet and fight their 
common adversaries. 

That such wars need much of the one element, which, accord· 
to !I_Ionternouli, best secures victory-money, money, money, 

wtll be tllustrated by two letters which Dr. Dohrn has received 
from Prof. Louis Agassiz, and which he has been authorised to 
publish. 

The celebrated American naturalist writes, under the date 
"Museum of Comp:lrative Zoology, Cambridge, Mass., June 
10, IS73," the following:-

" It is a great pleasure and satisfaction to me, that I can tell 
you how, in consequence of the munificence of a wealthy New 
Y ark merchant, it has become my duty to erect an establish· 

whose main object will be similar to that of your Naples 
statiOn, only that is to be united with it. The thing 
came to During !:tot winter I applied to our 
authonues to secure more means for the museum in Cambndge 
(Mass.) Among the reasons, 1 all!tded to the necessity of having 

means for trading purposes. I addressed my speech to 
our deputies, and it was afterwards reported in the newspapers. 
By chance the report fell into the hands of a rich and m::t,.<TDani· 
mons tobacco-manufacturer, l\Ir. John Anderson, of New York. 
He sent, on the same day, a telegram asking me whether I 
would be ::1t home on the following day for two friends, which 
1 answered by 'yes.' The two gentlemen came, by order of Mr. 
Anderson, offering me a pretty little island in Buzzard Bay, for 
the purpose of erecting a zoological school. I accepted this 
offer, of course, but added, tllat without further pecuniary 
means it would be difficult to teach there. After two days, a 
sum of 50,000 dollars was handed over to me, and nmv 1 am 
erecting there a school for natural history, which at the same 
time will be a zoological station in the immediate neighbourhood 
of the gulf-stream, of the greatest assistance to our zoologists, 
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especially :ts splendid dredging ground. This certainly must 
greatly promote zoological study in the United States. Already 
fo:ty of our Norma_! :tnd hig_h schools h:tve :tpplied for 
tins summers lessons; I mil be accompanied thereto 
hy my private students. Some of my speci:!l colle:t<>ues arc 
ready to assist me, so that I may hope to obtain alre::'dy some 
results before winter's approach." 

The next letter is dated "Pcnikese, Aug. 13, 1873," aml 
contains some more infonnation :-

"The school has been opened on July 8. Some of my 
friends have assisted me as teachers, several other naturalists 
are occupied with special studies. The bottom of the sea is 
very rich, the general situ:ttion quite excellent. The solitude 
which prc,·ails is a great help for our teaching purposes. As 
students, forty teachers of our public schools are present, be­
sides ten younger gentlemen, who prepare for a scientific career. 

"The building;; are very well constructed and :tdaptcd_to ·their 
uses. The two chief houses have a length of 120 feet, ,and a 
breadth of 25 feet each. In the lower story are the laboratories 
each with 28 windows; every student occupies one window, and 
has for himself one aquarium. In the upper story of each hou;;c 
are 28 bed-rooms, for every student one. The professors and 
mturalists are lodged in another house of the shape of a Greek 
cro;,;, The dining-room is in a third house, which contains also 
the kitchen and the servants' rooms. llesidcs we have an ice. 
house, a cellar for stables for domestic animals ; about 
o:1e hundred sheep are feediug in the pasture grounds of the 
isla.nd: some sm:tller hutches contain rabbits, guinea-pigs, &c. 

"Next yc:ar physical, chemical, and physiologic:tl, laboratories 
will be constructed ..•• 

"I believe I did not tell you before, that my son presented 
me on my birthday with roo,ooo doll:trs for the enlargement 
of the llluseum. I intend to apply this sum chiefly to the 
augmentation of the collections, hoping the State will pay for 
the enlargement of the buildings ..•. " 

These letters prove that the name of this committee has not 
been ill-chosen, for though the American Zoological Station has 
not been founded by its direct intervention, there can be !itt!.: 
doubt that the foundation of the Zoological Station of Naples 
has been the sign:tl for a new and powerful movement to assist 
zoological research. 

Of course the American Station has met with such extraordi· 
nary advantages, that a competition between it and Naples 
Station a> regards means :md favourable circumstances would be 
all but hopeless for the latter. Nevertheless it may prove the 
most pov.-erful instrument in carrying out strictly the self-supporting 
principle, by earning money through the Aquarium, and by 
Jetting tables in the laboratory. And though any act of munl· 
ficcncc to the Naples Station is exceedingly desirable, and 
would be heartily welcomed (as the moment has nc;>t yet arrived, 
where nny scientific establishment in this worlu had at its disposal 
more money than it knew how to 'spend) the greatest stress v.ill 
nlway;; be bid upon these two element;;. 

The reporter is further glad to st:tte that the library of the 
Zoolo;::ical Station has recently been augmented. A magnificent 
gift has been made by the Zoological Society of London, 
which presented a complete set of its illustrated proceedings. 
The Royal Academies of Copenhagen, Naples, and llerlin, have 
also granted their biological publications, nnd promised to 
continue to do so in future. The Jenckenberg Institute in 
Frankfort-on-the-Main, as well as the Zoological Gardens of that 
city, h:we sent all their transactions ; as has the Smithsonian 
Institution in Washington, with respect to its biological pubJi. 
cations. Well-founded hopes arc entertained that in a short time 
many other academies and scientific societies will follow the 
example of the above-mentioned. 

German publishers have continued to send their biological 
publications gratis to the library of the station, and great quanti­
ties of books, pamphlets, and separata from publications in 
periodicals, have been forwarded from all p:trts of the scientific 
world through the kindness of the authors. 

From the side of the Zoological Station, though still in an 
embryonic state, considerable activity has been dispbyed with 
regard to furnishing continental zoologists with collections of 
well-preserved marine animals. Thus Prof. Wilhelm l\Iiiller in 
Jena, has been supplied with Amphioxus and Tunicata, Prof. 
Greeff of l\Iarburg with large quantities of Echinodermata ; 
mixed collections of every kind of animals have been sent to 
Prof. O;;car Schmidt, Strasburg, Prof. Claus, Vienna, to the 
Jenckenberg Museum :tt Fr:tnkfort, the Natural History Society 
at Offenbach, :tnd many others. 

Several German zoologists have already announced their inten­
tion to come during next winter and work in the station; a 
similar announcement is made through an Italian zoologist and 
through Prof. Foster. I am informed that 1\m young English 
biologists will arrive at the station in fanuary. 

The committee hopes this report will convince the section that 
the ye:tr between the present and the b.st meeting of the British 
Association has been one of steady and considerable progress 
for the Zoological Station at Naples. The C()mmittee refrains 
from making any further proposition to the section but ex· 
presses it;; wish, that every influence be u;;ed to 'secure to 
the station nt N a pies such assist:tnce, as will serve to promote 
the eminent scientific ends for which it has been erected. 

DEPARTlll!NT OF ANATmtY AND PHYSIOLOGY 

OPENING ADDRESS l:Y TilE l'RESIDEXT, PROFESSOR RUTHER• 
FORD 

IN addres;;ing you upon the subjects of anatomy and physio· 
logy, I would invite your attention to some of the features v.·hich 
characterise these dep:trtments of biology at this present time, 

to some ;ecent advances in physiology, the consideration of 
whtch you wtll find to be possessed of deep interest and im· 
portance. 

Stale o.f Anatomy 

Anatomy, dealing as it docs merely with the structure of 
living; things, is a far simpler subject than physiology, whose 
province it is to ascertain and cxpbin their actions. It was 
not a difficult thing to handle such instruments as a knife and 
forccpo;, and with their aid to ascertain the structure of 
the body. Accordingly, the naked eye anatomy of man has 
been fully investigated, and although the same c:mnot be of 
that of many of the lower animals, it i3 nevertheless, as far as 
this kind of inquiry is concerned, a mere questioa of time as 
regards its completion. But minute or microscopic an:tto:ny is 
in a different position. Requiring, as it does, the microscope 
for its pursuit, it could not make salisf:tctory progress until this 
instrument had been brought to some degree of perfection. 
Doubtless mach adv:1.ntagc is still to be derived from improve­
ments in the construction of this instrument; but. probably most 
of the future advances fn our knowledge of the structure of the 
tissues and organs of tl1e body may be expected to re;;ult from 
the application of new methods of prep:uing the tissues for exa· 
mina:ion with such microscopes as we now have at our disposal. 
This expectation naturally arises from what has been accom­
plished in this direction during the last fifteen years. For 
example, what valuable information has been gained regarding 
the structure of such soft tissues as the brain and spinal cord by 
hardening them with such an agent as chromic acid, in order 
that these tissues may be cut into thin slices for microscopical 
study. How greatly has the employment of such pigments as 
carmine and the aniline dyes facilitated the microscopical re· 
cognition of certain elements of the tissues. \Vhat a deal we 
have learned regarding the structure of the capillaries, and the 
origin of lymphatics, by the effect which nitrate of silver has of 
rendering distinctly \isible the outlines of endothelial cells. 
What signal service chloride of gohl Ins rendered in tracing the 
distribution of nen·es by the property which it possesses o( 
staining nerve fibrils, and thereby greatly facilitating their recogni­
tion amidst the textures. Moreover of what value osmic acid has 
been in enabling us to study the structure of retina. In the hands 
of Lockhart Clarke, lleale, Recklingh:>.u.sen, Cohnheim, Stultz, 
and others, these agents have furnished us 1\ith of 
infinite value, and those \vho wou!l advance microscopie:tl 
:uutomy may do so most rapidly by workin;; in the direction;; 
indicated by these investigators. In human microscopical 
anatomy, indeed, there only remain for investigation thing;; 
which are profoundly difficult, such as, for example, the struc­
ture of the brain, the peripheral terrr:inations of nerves, the 
development of nen·c tissue, and other subjects equ:tllyrecondi:e 
But in the field of comp:tr:!tive amtomy there i; far greater. 
scope for the histological inve;tigator. He has only to avail 
himself of those reagents and method;; which have recently 
proved so useful in the microscopical anatomy of the vertebrates ; 
he has only to apply those more fully than has yet been done to the 
invertebrates, and he will scarcely fail to make discoveries. For 
the lover of microscopical research, there is, moreover, a wide ficltl 
of inquiry in the study of comparative embryology; that is to s::ty 
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in the study of the development of the lower animals. Since it 
has become cle:n that a knowledge of the precise relations of 
livin<> things one to another can only be arrived at by watching 
the ;hanges through which they pass in the course of their deve­
lopment, research has been vigorously turned in this direction, 
and although an immense mass of facts h:ls long since been 
accumulated regarding this question, Parker's brilliant researches 
on the development of the skull give an indie:1tion of the great 
things we may yet anticipate from this kind of research. 
Speaking of microscopie:1l study before this audience, I cannot but 
remember that in this country more than in any other we have a 
number of learned gentlemen who, as amateurs eagerly pursue 
investigations in this department. I confess that I am always 
sony to witness the enthusiastic perseverance with which they 
apply themselves to the prolonged study of m:1rkings upon 
diatoms, seeing that they might direct their efforts to subjects 
which would repay them for their labours far more gratefully. I 
would venture to suggest to such workers that it is now more 
than ever necessary to abandon aii;aims at haphazard discoveries, 
and to approach microscopy by the only legitimate method, of 
w1dergoing a. thorough preliminary training in the various 
methods of microscopical investigation by competent teachers, of 
whom there are now plenty throughout the country. 

.Srate of Physiology 
With regard to physiology, the present standpoint is not so 

high as in the case of anatomy. Physiology, resting as it does 
upon a tripod consisting of anatomy, physics or mechanics, and 
chemistry, is many-sided. The most minute anatomy, the most 
recondite physico, and the most complex chemistry, have all to 
be tal•en into account in the study of the physiology of living 
things ; so that it is not surprising that it should, in its develop­
ment, behind the comparatively elementary subject-anatomy. 
Until not so very long ago anatomy and physiology were in most 
of our medie:1l schools taught by the same professor, who, 
although professing to teach both subjects, was generally more 
an anatomist than a physiologist. This . arrangement gave to 
physiology a bias which was eminently anatomie:1l, and this bias 
continued in many quarters, notwithstanding the sep;tratlon of 
the physiological from the anatomical tuition. I am aware that 
there are still some distinguished anatomists who intermingle 
physiological with anatomical teaching. I am not questioning 
the usefulness of the practice when carried to a moderate extent. 
I wish merely to point out what appears to me to have been a 
result of the practice, and I believe that the re;ult was to giye to 
physiology an an:ttomiC:ll tendency. It was n:1tural for the ana­
tomist who dealt with visible structure to constantly refer to this 
in exphining physiological action or function. The physiologist 
with the anatomical tendency always tried to explain a difference 
in the action or function of a part by a difference in its evident 
structure, and when his miCroscope failed to show any structural 
difference between the cells which form salim and those which 
produce pancreatic fluid, between the egg of a rabbit and that of 
a dog, he-, bo.filed on the side of anatomy, was too ready to adopt 
the conclusion that inasmuch as the reveals no differ­
ence in the str.tcture there is really no structural difference 
between them, and that the only way in which the difference in 
action can be explained is by having recourse to the old hypo­
thesis that the metamorphoses of matter, and the actions of force 
arc in the living >mrld rcguiJ.t.,d by a metaphysical entity termed 
a \ita! principle, and that dissimilar actions by similarly con­
structed parts are only to be explained by referring them to the 
operations of this principle. Afttr alluding further to the hypo­
thesis of the vital principle and its supposed actions, and after 
stating that he did not follow the teaching of those who still 
adhere to this doctrine, the lecturer said that, viewed from the 
physical side, there appears to be no reason for supposing that 
two p:uticles of protoplasm, which possess a simi!:lr microscopic 
structure, must act in the same way; for the physicist knows 
that molecubr stmcture and action are beyond the ken of the 
microscopist, and that within apparently homogeneous jelly-like 
particles of protoplasm there may be difierences of molecular 
constitution and arrangement which determine widely different 
properties. 

A great change is now taking place in physiologiC:!. I tuition in 
this country-a superabundance of physiological anatomy, and 
an almost entire absence of experiment, are no longer the cha­
racteristic features of our tuition. The study of physics, Joo 
much neglected, is happily now being more and more regarded 
as important in the preliminary training of the physiologist, 

as the st;tdy of anatomy and of .chemistry; .and I trust that 
the day IS not far distant when m our medtcal schools the 
thorough education of our students in mathematics and phy. 
sics will be insisted upon as absolutely essential elements 
in their preliminary education. Until this is done physiology 
will not advance in this country so rapidly as we could wish. 
I would not in this place have alluded to a question concern­
ing medical eduC:ltion, but for the fact that the progress of physi­
ology \viii always greatly depend upon the edue:1tion of medie:1l 
men, for only those who are conversant with physics and chemis. 
try, and who, in addition, are acquainted with the phenomena 
of disease-that is to say, with abnormal physiological conditions 
-can handle in all its branches. Physiology owes 
not a little to a study ;f p:1thology-tbat is, of abnormal physio­
logiC:ll states. The study of a diseased condition has, on several 
oce:1sions, given a clue to the discovery of the function of an 
organ. Nothing was known regarding the fnnction of the spleen 
until the pathologist observed that an increase in the number of 
white corpuscles in the blood is commonly associated v.-ith an 
enlargement of this organ. Hence arose the now accepted doc­
trine that the spleen is concerned in the growth of blood cor­
puscles. The key to our knowledge of the functions of certain 
parts of the brain has also been supplied by a study of the 
diseased conditions of that organ. The very singular fact that 
the right side of the body is governed by the left, and not by the 
right side of the brain, was ascertained by observing that palsy 
of the right side of the body is associated with certain diseased 
conditions of the left side of the brain. That the corpus striatum 
is concerned in motion, while the optic thalamus is concerned in 
sensation ; th.1.t intellectual operations are manifested specially 
through the cerebral hemispheres, are conclusions which were 
indicated by the study of diseased conditions. Moreover, by the 
pursuit of the same line of inquiry the key has been given to the 
discovery of many other facts regarding the brain functions. 
Some years ago 11. Broca made the remarkable observation that, 
when a certain portion in the front · p:1rt of the left side of the 
brain becomes disorganised by disease, the person loses the 
power of expressing his thoughts by words, either spoken or 
written. He can comprehend what is said to him, his organs of 
articulate speech are not paro.lysed, and he retains Ius power of 
writing, for he can copy words when told to do so, but when he 
is asked to give expression to his thoughts by speaking or by 
writing, or even to tell his name, he is helpless. \Vith a palsy 
of a portion of his brain, he has lost his power of finding words 
-he has lost his memory for words; and mark you, although he 
loses his power of finding words, his intelligent perception of 
wl1at passes around him and of what is said to him is not lost. 
It is true that this condition of aphasia, as it is termed, has been 
found to exist when various parts of the brain have been diseased; 
for example, it has been found to coexist \vith a diseased state of 
the posterior instead of the anterior part of the This 
fact renders it very difficult as yet to assign a precise locality to the 
faculty of speech. It is not, however, my intention to discuss 
this question, for my object is merely to show how the study of 
disease has gh·en a clue to the physiologist. Broca's observation 
led to the t}'o.t, after all, the dreams of the phrenologists 
would be rea!tsed, m so far as they supposed that the various 
mental operations are made manifest through certain definite 
territories of the brain. ' 

It has until lately been supposed that the con\·olutions of the 
cercbmm are entirely concerned in purely intellectual operations, 
but this idea is now at an end. It is now evident, from recent 
researches, that in the cerebral convolutions-that is, in the part 
of the brain which was believed to minister to intellectual mani­
festations-there are nerve·centrcs for the production of volun­
tary muscular movements in \·arious parts of the body. It has 
always been taught that the convolutions of the brain, unlike 
nerves in general, cannot be stimulated by means of electricity. 
This, although true as regards the brains of pigeons, fowls, and 
perhaps other birds, has been shown by Fritsch and Hitzig to 
be untrue as regards mammals. These observers removed the 
upper portion of the skull in the dog, and stimulated small portions 
of the exposed surface of the cerebrum by means of weak gal­
vanic currents, and they that when they stimulated certain 
definite portions of the surface of the convolutions in the anterior 
part of the cerebrum, movements are produced in certain definite 
groups of muscles on the opposite side of the body. lly this new 
method of exploring the functions of the convolutions of the 
brain, these investigators showed that in certain cerebral convo­
lutions, there are centres for the nerves presiding over the muscles 
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of the neck, the extensor and adductor muscles of the forearm, 
for the flexor and rotator muscles of the arm, the muscles of the 
f?ot, and those of t?e face. They, moreover, removed the par· 
hon of the convolutiOn on the left side of the cerebrum which 
they bad ascertained to be the centre for tl1e movements' of the 
right forelimb, 3.lld they found th:\t after the injury thus inflicted, 
the animal had only an imperfect control over the rno\·ements of 
the part of the limb in question. Recently, Dr. Hughlings 
Jackson, from the obsen·ation of various diseased conditions in 
which peculiar movements occur in distinct croups of muscles 
has :tdduced in support of the conclusion that in 
cerebr:l convoluhons are localised the centres for the production 
of v:mous muscular movements. ·within the last few months 
these .observations h:l\'e been greatly extended by the elaborate 
expc!tmcnts of my able colleague in King's College, Prof. 
Ferner. 

;Adopting the method of Fritsch and Ilitzig-but instead of 
usmg gah·anic he has employed Faradic electricity, ,.,·itn which, 
stranf:e to say, the investigators just mentioned obtained no very 
dcfimte has explored the brain in the fish, frog, dog, 
cat, rabbtt, and guinea-pig, :md l:l.tcly in the monkey. The rc­

of this investigation are of great importance. He has ex­
plored the com·olutions of the cerebrum far more fully than the 
German experimenters, and has investi<>ated the cerebellum 
corpora'quadrigemina, and several other" portions of the 
not. touched upon them. There is, perhaps, no part of the 
bram whose functiOn has been more obscure th:tn the cere­
bellum. Dr. Ferrier has discovered that this ganglion is a great 
centre for the movements of the musdes of the eyeballs. He 
has. also very mapped out in the dog, car, &c., the 
vanous centres m the com·olution; of the cerebrum, which are con­
cerned in the production of movements in the muscles of the 

face, mouth, tongue, ear, neck, fore :md hind fed, and 
tml. He confirms the doctrine th:\t the corpus striatum is con­
cerned .in moti?n, while the optic thalamus is pro.bably con-. 

rn sensatwn, as are also the hippocampus maJor and its 
netghbouring convolutions. He has also found that in the case 
of the higher brain of the monkey there is "·hat is not found in 
the dog or cat-tc;> wit, a portion in the front part of the br:J.in, 
'vhose stimulation produces no muscul:lr movement. \\'hat may 
be the function of this part, whether or not it speci:llly ministers 
to intellectual operations, remains to be seen. These researches 
of Fritsch, Hitzig, Jackson, and Ferrier, mark the commence­
ment ot a new era in our knowledge of brain function. Of all 
the studies in comparative physiology there will · be none more 
interesting, and few so important, as those in which the various 
centres will be mapped out in the brains throughout the verte­
brate series. A new, but this time a. true, system of phrenology 
will be founded upon them ; by this, however, I do not mean 
that it will be possible to tell a man's faculties by the confi<'ltra.· 
tion of his skull, but that the various mental faculties will be 
assigned to definite territorieS of the brain, as Gall and Spurz. 
heim long a.go m:>.intained, although their geography of the 
brain was erroneous. 

I have alluded to this subject, not only because it affords an 
illustration of the sen;ce which a. study of diseased conditions 
has rendered to physiology, but also because these inYestigations 
constitute the most important work which has been accomplished 
in physiology for a Yery considerable time past. 

Rcdvall!f Pll)'Siology in Eug!aua 

We may, I think, term this the renaissance period of English 
}:lhJsiology. It seems strange that the country of Harvey, John 
Hunter, Charles Dell, Marsh:tll Hall, and John Reid, should 
not always have been in the front rank as regards 
The neglect of physics must be admitted as a cause of this ; it is 
also to be attributed to the, until a few years ago, almost entire 
absence of experimental teaching ; but it would be unjust not to 
attribute it in great measure to the limited appliances possessed 
by our ·physiologists. It is to be remembered that physiology 
could not be successfully cultivated without proper laboratories, 
with a supply of expensive apparatus. \Yithout endowments 
from public or private resources, how can such institutions be 
properly fitted up and maintained by men who can, for the most 
part, only turn to physiological research in moments snatched 
from the busy toil of a profession so bboriotis as that of medicine. 
In defiance of these difficulties we are now striving to hold our 
place in the physiological world. A new system of physiological 
tuition Is rapidly extending over the country. In the London 
schools, in Edinburgh, Cambridge, Mancllester, and elsewhere, 

earnest efforts are being made. to give a. thoroug-hly practical 
:'-spect to the tuitlor; of our sctence! and notwithstanding the 
Imperfect results winch must necessanly tnsue in the absence of 
suitable endowment, we can nevertheless point to the fact thlt 
the effect of these efforts has been to awaken a love for physio· 
logical research in the mind of m:my a. student, and the results 
of tl.lis. aw::kening are already apparent in the archi\·e3 of Royal 
Soc1ehes, m the "Jou_rnal.of Anatomy .and Physiology," and 
elsewhere. Dut physwlog1cal research IS most expensive and 
laborious, and it is, moreover, unremunerative. The labours 
of the physiologist arc entirely philanthropic; all his researches 
do nothing but contribute to the increase of human happiness by 
the prevention of disease, and the amelioration of suffering; and 
I would venture to suggest to those who are possessed of wealth 
and of a desire to apply it for the benefit of society, that in view 
of the wholly unselfish and philanthropic character of phjsiol·1· 
gicallabours, they could not do better than follow the :t'lmirable 
example set by Miss in endowing :t physiological 
laboratory in connection with Owens College, in Manchester. 
The endowment of a dozen such laboratories throughout the 
country would immensely aid in the development oi physiological 
research a.mong;;t us. 

'\'c anticipate great benefit to the community not only 
an advance of physiology, but from a diffusion of a knowledge 
of its leading facts among;;t the people. This is now being car· 
ried out in our schools on a scale which is annually increasing. 
Thanks to the efforts of Huxley, the principles of physiology arc 
now presented in a singularly palatable form to the minds of the 
yoang. The instruction communicated does not consist of tech­
nical terms and numbers, but in the elucidation of the principal 
c\"ents which happen within our bodies, together with an ex pia· 
nation of the treatment which they must receh·e in order to be 
maintained in health. Considering how much may be accom· 
plished by these bodies of ours if they be properly attended to 
and rightly used, it seems to be a mcst desirable thing that the 
po;sessor of the body know something about it> mecha· 
nism, not only because such knowledge affords him much mate· 
rial for suggestive thought-not only because it is excellent mental 
training to endeavour to understand the why :>ond the wherefore 
of the bodily actions, .but also because he may greatly profit from 
a knowledge of the conditions of health. A thorough adoption 
of hygienic rn•1sures-in other words, of measures which are 
necessary to Individuals in the highest state of health­
cannot be hored for ·until a knowledge of funtlamental physio· 
logic."tl principle; finds its way into every family. Thi> country 
has taken the lea<l in the attempt to diffuse a sound knowledge 
of physiological facts and principles among the people, and we 
may fairly anticipate that this will contribute not a little to 
enable her to maintain her high rank amongst nations ; for every 
step which is calculated to improve the physiological state of 
the individual must inevitably contribute to make the nation suc­
cessful in the general struggle for existence. 

OF AXTIIROPOLOGY 

OPENING ADDRESS BY TilE PRES!D.NT, JoliN TIED DOE, F.R.S. 

The position of Anthropology in the British Association, as a 
permanent department of the Section of Biology, being now fully 
assured, and its relations to the allied and contributory sciences 
beginning to be well understood and acknowledged, I have not 
thought it necessary, in opening the business of the department, 
to follow the examples of my predecessors, Prof. Turner :md 
Colonel Lane Fox. The former of.these gentlemen, at our 
Edinburgh l\Ieeting, devoted his opening address to the defini­
tion, history, and boundaries of our science ; the latter, a.t 
Brighton, in the elaborate essay which many of you must h::we 
listened to, not only discussed its relation> to other sciences, but 
gave an illustrative sun·ey of a great portion of its field and of 
several of its problems. 

Dut while, on the one hand, I feel myself incompetent to 
follow these precedents with success, on the other lund I am 

to take a different line by the consideration that if, 
as we are fond of saying in this department, "the proper 
study of mankind is man "-if, that is, anthropology ought to 
interest everybody, then assuredly the anthropology of York­
shire ought to interest a Yorkshire audience. 

Large as the county is, and 5h:nply marked ofi into districts 
by striking diYersities of geolo"ical of climate and of 
surface, there is an approach t; uDity in its political a.nd ethno­
logical history which could scarcely have been looked for. 
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Neverthele;s we must bear in mind the threefold division of 
the shire-not that into ridings, but that pointed out by nature. 
'Ve have, first, the western third, the region of carboniferous 
limestone and millstone-grit, of narrow valleys and cold rainy 
moorlands ; secondly, the great plain of Y ark, the region, 
roughly speaking, of the Trias, monotonously fertile, and 
having no natural defence except its numerous river.;, which 
indeed have sometimes served rather as a gateway to the invader 
tl1an ns a bulwark against him ; to this pb.in Holderness ancl 
the Vale of rickering may be regarded as eastern adjuncts. 
ThirdlX, we have the elevated region of the cast, in the two very 
dissimilar divisions of the moorlands and the wolds; these are 
the most important parts of Yorkshire to the prehistoric 
arch::cologist ; but to the modem ethnologist they are com­
paratively of little interest. 

The relics of the pab::olitbic period, so abundant in the south 
of England, arc, I believe, almost wholly wanting in Yorkshire, 
where arch::cology begins with the neolithic age, and owes its 
foundations to Canon Greenwell of Durham, .Mr. Mortimer of 
Drifiield, Mr. Atkinson of Danby, and their predecessors in the 
exploration of the barrows of Cleveland and the 'Voids, whose 
results figure largely in the "Crania Britannica" of Davis and 
Thurnam,-themselves, by the way, both natives of the city of 
York. 

The earliest inhabitants we can distinctly recognise were the 
builder.; of certain long barrows, such as that of Scamridge in 
Clcvcl::md. There Is still, I believe, some difference of opinion 
among the anthropologists of Yorkshire (where, by the 
way, in the town of Hull, the science flourishes under the 
nuspices of n local Anthropological Scciety}-still, I say, some 
difference of opinion as to whether the long-barrow folk were 
racially dh·erse from those who succeeded them and \vho buried 
their dead in round barrows. But Canon Greenwell at least ad­
lieres to Thurnam's doctrine, and holds that Yorkshire, or part 
of it, was occupied at the period in question, perhaps 3,000 
years ago, by a people of moderate or rather short stature, with 
remarkably long and narrow heads, who were ignorant of metnl­
lurgy, who buried their dead under long ovoid barrows, with 
guinaryrites, and who labour under strongly-founded suspicions of 
canniballism. 

Of the subsequent period, generally known as the bronze age, 
the remains in Yorkshire, as elsewhere, are vastly more plentiful. 
The Wolds especially, and the Cleveland hills, abound with 
round barrows, in which either burnt or unbumt bodies have 
bcm interred, accompanied sometimes with weapons or orna­
ments of bronze, and still more often with flint arrowheads. 
'Vhere bones are found, the skull presents \Yhat Bam3rd Davis 
considers the t)"picalllritish form ; i. it is generally rather short 
and broad, of considerable capacity and development, with fea· 
tures h:mh and bony. The bodily frame is usually tall and 
stalwart, the stature often exceeding 6 ft., as in the well-known 
instance of the noble savage of Gristhorpe, whose skeleton is 
preserved in the Scarborough Museum. 

Though certain facts, such as the known use of iron in Britain 
before C3!sar's time, and its extreme rarity in these barrows, and 
some little difference in proportion between the skulls just de­
scribed and the type most common :..mong our modern British 
Kelts, do certainly leave room for doubt, I have little hesitation 
in referring these round barrows to the Brigantcs and rarisii," 
the kno\Yn occupants of Y orksbire before the Roman conquest. 

Both what I will term the pure long-barrow and 
the pure round-barrow types of cranium are represented ;1mong 
our modem ·countrymen. But the former is extremely rare, 
while the btter is not uncommon. It is probable enough that 
the older type may, in amalgamating with the newer an<l more 
powerful one, have bequeathed to the Kelts of our own time the 
rather elongated form which prevail; among them. Whether 
thi3 same older type was really Iberian is a point of great inte­
rest, .not yet ripe for determination. 

Another moot point is the extent to which the popuhtion of 
modern England is derived from the colonists introduced under 
the Roman occupation. It is my o\m impression that the extent, 
or rather the intensity of such colonisation bas been m·er-esti­
mated by my friend lllr. Thomas '\'right and his disciples. I 
take it that, in this respect, the Roman occupation of Britain 
was somewhere between our own occupations of India and of 
South Africa, or perhaps still more nearly like that of Algeria 

• It has l;een conjectured that the Parisii were Frisial)>; but I think it 
very unlikely. 

by the French, who have their roads, villas, and military cstab. 
lishments, and even considerable communities in some of the 
towns, but who constitute but a very small percentage of the 
population, and whose traces would almost disappear in a few 
generations, could the communication with the mother-country 
be cut off. 

If, howc;·er, :..ny traces of the blood of the lordly Roman; 
themselves, or of that more numerous and heterogeneous mass 
of people whom they introduced as legionaries, auxiliaries, or 
colonists, :tre yet reco;:nisableanywherc in this county, it may pro­
bably be in the city of York, or in the neighbourhood of Catterick. 
The size and splendour of ancient Eburacum, its occupation at 
various times as a sort of military capital by the E1uperor Se,·erus 
and others, its continued existence through the Anglian :mel 
Anglo-Dnnish periods, and its subsequent comparati;·e freedom 
from such great calamities* or ;·icissitudes as are apt to cause 
great and sudden changes of population, might almost induce m 
to expect to find such vestiges. If Greek nnd Gothic blood still 
assert themseh·cs in the features and ligures of the people of 
Aries, if Spanish characteristics arc still recognisable in Bruges, 
why not Itali:m ones in York? It may be so; but I must con· 
fess that I have not seen them, or have failed to recognise them. 
Catterick, the site of ancient Cataractonium, I ha;·c not visited. 

Of the Anglian conquest of Yorkshire we know very little, 
except that it was accomplished gradually by successive efforts, 
that the little district of Elmet, in the neighbourhood of Leeds, 
continuerlllritish for a while, and that Carnoban, which is almost 
certainly Craven, is spoken of by a 'Velsh writer as lJritish after 
all the rest of the country had ceased to be so-a statement pro· 
bable enough in itself, and apparently corroborated by the sur· 
viva! of a. larger number of Keltic words in the dialect of Cr:wen 
than in the speech of other parts of Y orkshirc. 

Certain regulations and expressions in the N orthumbrian 
laws, among others the less value of a churl's life as compared 
with that of a thane, have been thought to indicate that the 
proportion of the British popul:ttioa that remained to 
the soil, under Anglian lords, was larger in the north than in 
some other parts of England. The premisses are, however, 
insufficient to support the conclusion ; and, on the other hand, 
we are told positively by Bede that Ethelfrith Fleisawr drove out 
the British inhabitants of extensive districts. The singular 
discoveries of lloyd Dawkins and his coadjutors in the Settle 
Cave, where elaborate ornaments an:! enameL; of Romano· 
British type are found in conjunction with i:::dications of a 

and miserable mode of life long endured, attest clearly 
tlie calamities of the natives about that period (the early part of 
the seventh century), and show that even the remote dales of 
Craven, the least Ar.glian part of Yorhhire, afforded no secure 
refuge to the Britons of the plains, the unfortunate heirs of 
Roman civilisation and Roman \;'cakness. The evidence yielded 
by local names docs not differ much from thnt of the same kind 
in other parts of England. It proves that enow of 'Velshmen 
survived to transmit their names of the principal n:ttural 
features (as Ouse, perwent, Dun, Roseberrry, l'en·y· 
gent), and of certam towns and villages (as York, Catterick, 
lJeverley, and Ilkley), but not enow to hinder the speedy ndop­
tion of the new language, the rc·namir.g of many settlements, and 
the formation of more new ones with Anglian names. The subse· 
quent Danish invasion slightly complicated thi> matter; but I think 
it is safe to say that the changes in Yorkshire were''ruore nearly 
universal than in counties like Devonshire, where we k'now that the 
descendants of \Vclsh constitute the majority. If the mmes 
of the rivers Swale and Hull be rc:1lly Teutonic, as Greta un· 
douhtedly is, the fact is signific:tnt; for no stream of equal 
m:tgnitl:dc with the Sw::.le, in the soutl1 of England, has lost its 
Keltic appellation. 

\\' e do not know nmch of the A type, as distin!!uishcd 
from tht: Scandinavian one \vhich ultim:ttely overbid it "'almost 
everywhere to a greater or less depth. The cranial form if one 
may judge of it by the skulls found in the ancient of 

near not remarkably fine, certainly not 
supenor to the anctent lln!lsh type as known to us, to which, 
moreo\·er, it "·as rather inferior in capacity. There is some re· 
semblance between these Lamcl-Hill crania :mel the Belair or 
Burgundian type of Switzerland, while the Sion or He!Yctian 
type of that country beus some likeness to our own Keltic 
form. 

• Unless indeed Yorl.:: W3S the "municip3l town .. by 
and besieged by his Anglim o.d\'Croaries. 
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The group of tumuli called the Danes' Graves, lying- ncar 
Driff,cld, and described hy Canon Greenwell in the Arch<<O· 
lo;ira! 7vllrll(r/, han! yichlc<l contents which nrc a puzzle for 
anthropolog-ists. • Their date is subsequent to the introduction of 
the me of iron. Their tenants were evidently not Christians ; 
but they belonged to a settled popubtion. The mode of inter· 
ment resembles nothing Scandinavian ; and the form of the 
crania is narrower th:m is usual, :tt least in modem times, in 
Nonmy and Denmark. It is hazardous to conjecture anything 
nbout them ; but I should be more disposed to refer them to nn 
early Anglian or Frisi:m settlement than to a Danish one. 

\\'e come now to the Danish im·asions :mel conquest, which, 
as \vell as the NOrman one that followed, was of more ctlmolo· 
gical importance in Yorkshire th:m in most other p:trts of Eng­
land. The political history of Deira, from the ninth century to 
the eleventh, the great number of Scandinavian local names (not 
gre:tter, however, in Yorkshire than in Lincolnshire), and the 
peculiarities of the local dialect, indic:tte that Danes and Kor­
wegians arrived and settled, from time to time, in considerable 
numbers. llut in estimating these numbers we must rn:tke allow· 
ance for their energy am! audacity, as well as for the very near 
kinship between the Danes a11d the Northumbrian Angles, 
\Yhich, thou;h it did not prevent sanguinary struggles between 
them at first and great destruction of life, must have made amal­
gamation easy, and led the natives readily to adopt some of the 
characteristics of the invaders. 

Whatever the Danish clement in Yorkshire was, it was 
common to Lincolnshire and Nottinghamshire, and to the north· 
eastern part of Korfolk; aml it was comparatively weak in 
Korthumberland and even in Durham. Iu Yorkshire itself, it 
was irregularly distributed, the local mmes in by, . !o/1, and 
lh<mit<, and the like being scattered in a more or less patchy 
m:tnner, as may be seen on liir. Taylor's map. They are very 
prevalent in Cleveland, as has been shown by 1\Ir. Atkinson • 
Again, the long list of the landowners of the county under Ed· 
ward the Confessor, given in Domesday Book, contains a 
mixture of Anglian ·with Scandinavian names, the latter not 
everywhere preponderating. Here, again, Cleveland comes out 
very Danish. I am inclined to believe tha.t the Anglian popu· 
lation was, in the first fury of the invasion, to some extent 
pushed westwards into the hill·country of the \Vest Riding, 
though even here distinctly Danish names, such as Sowerby, 
are quite common. Beverley and Holderness perhaps remained 
mainly Anglian. 

The Norman conquest fell upon Yorkshire, and parts of 
Lancashire ;md Durham, with unexampled severity. It would 
seem that the statement of William of l\Ialmesbury that the land 
lay waste for many years through the length of sixty miles, was 
hardly, if at all exaggerated. The thoroughness and the fatal 
effects of this frightful devastation 1vere due, no doubt, p:utly to 
the character of William, who, having once conceived the 
design, carrried it out with as much completeness and regu• 
la.rity as ferocity, and to the nature of the country, the 
most populous portion of which was level and devoid of natural 
fastnesses or refuge, but also, in some degree, to the fact that the 
N crthumbrians had arrived at a stage of material civilisation at 
which such a mode of warfare would be much more formidable 
than while they were" in a more barbarous condition, a! ways prepared 
for fire and sword, and living, as it were, from hand to mouth. 
Long ages .afterwards the Scots told Froissart's informants 
that they could afford to despise the incursions of the English, 
who could do them little hann beyond burning their houses, 
which they could soon build up again with sticks and turf; but 
the unhappy Northumbrians were already beyond that stage. 

In all Yorkshire, including parts of Lancashire, \\'estmore· 
land, ancl Cumberland, Domesday numbers only about 500 free· 
men, and not 10,000 men altogether. T!lis great destruction, or 
rather loss of popull\tion (for it was due in some measure to the 
free or forced emigration to Scotland of the vanquished), did not 
necessarily imply ethnological change. Let us examine the evi· 
dencc of Domesday on this point. It agrees with th:>.t of 
\Villiam of l\blmesbury, that the void created by devastation 
remained a void, either entirely or to a great extent. Whole 
parishes and are returned as "waste." In one instance 
116 freemen (sockmanni) are recorded to have held land in Kinfl 
Edward's time, 6f whom not one remained; in another, of 108 
sokemen only 7 remained. llut foreigP-ers did settle in the 
county to some extent, either as military retainers of the new 
Norman lords, as their tenants, or as burgesses in the city of 
York, where 145 (Frenchmen) are recorded as inha· 
biting houses. 

Of the number maintained by way of garrisons by the new 
nobility, one can form no estimate; hut con!ihlcring the im­
poverished and helpless conclition of the surviving natives, 
such g:lrrisons would probably not be brge. lltlt from 
the enumeration of mesne tenants, or middlemen, some 
inferences may perhaps be dram1. On six great estates, 
comprising the brger part of E:tstern :tnd Central Yorkshire, 
sixty-eight of these tenants are mentione<l by name, besides 
II milites, or men-at-arms. Only II of the 68 bear names 
undoubtedly English ; and none of them have large holdin,..s, 
as is the case with some of those bearing Norman 
On the lands of Droge de lle\Tere, about Holderness, several 
of the new settlers were apparently Flemings. 

The western part of the county, hO\ve,·er, or the greater 
of it, had been granted to two lords who pursued a more 
generous policy. Alan, count of llretagne, the founder of Rich. 
monel, l•ad twenty-three tenants, besides twelve milites, men-at­
arms with very small holdings. Of the twcnty·three, nine were 
Englishmen, in several instances holding as dependents the \Yhole 
or part of what had been their own freeholds. The Breton 
ballads and traditions seem to favour the supposition that Count 
Alan's Breton followers mostly returned home ; and Count 
Hersnrt de !a. Villemarqucc, the well-known Breton archxologist, 
informed me that his ancestors returned to llretagne from York· 
shire in the twelfth century. On the \Yhole, I do not think it 
probable that the Breton colony was numerous enough to le:tve 
distinct and permanent vestiges ; but if any such there are, they 
may be looked for in the modern inhabitants of Richmond and 
Gillin g. 

II bert de Lacy, again, had n"great domain, including most part 
of the wapentakes of l\Iorlcy, Agbrigg, Skyrack, and Staincross, 
extending, that is, to the north a.nd south of our present plil.ce 
of meeting. Bradford, by the \'ray, was then hardly so important 
and wealthy as at the present day. A thane named Gamel had 
held it at the time of Edward the Confessor, when it was valued 
at 4f. yearly; but at the time) of the survey it was waste, and 
worth nothing. 

Sixty·sevcn mesne tenants under II bert de Lacy arc mentioned, 
of \Yhom no less than forty.one bore English names, and only 
tl\·enty-six foreign ones. It is probable, therefore, that in this 
important part of the county the ethnological change wrought by 
the Conquest was not greater, if so great as in England generally, 
but that in the centre, east, and north·east it was of some 
moment, and that the Scandinavian element of population suf· 
fered and lost more than the Anglian. 

It might be a matter of some interest to a minute ethnologist 
or antiquarian to trace out fully the local history after the Con· 
quest from an ethnological point ·of view, investigating particu· 
lady the manner and source of the repeopling of the great plain 
of York. 

After this had been completed, no further change of ethno­
logical importance took place during se\•eral centuries. The 
Flemings and Frisians, who, in considerable numbers, settled at 
various times in Leeds, Halifax, and \\'akeficld, whether drawn 
hither by the course and opportunities of trade, or driven by the 
11ersccutions of l'hilip II. and the Roman Catholics, brought in 
no new clement, and readily amalgamated \\·ith the kindred 
they found here. 

The more recent immigrations into the \\'est Riding and 
Cleveland from all p:uts of Britain, and even from the Continent, 
have interest of other kinds. Vast as they have been, they have 
not yet obscured in any great degree the local types, physical or 
moral, which still predvminate almost everywhere, though tend· 
in" of course to assimilate themselves to those of the mixed 
p;pulation of England in general. 

In describing these types I prefer to use the words of Prof. 
Phillips, who, in his" River; of Yorkshire," has drawn them in 
true and vivid colours. He speaks of three natural groups :-

"First. Tall, large-boned, muscular persons ; visage long; 
ano-ular; complexion fair or florid ; eyes blue or grey; hair light, 

or reddish. Such persons in all parts of the county forn1 
a considerable part of the population. In the North Riding, 
from the eastern coast to the western mountains, they are 
plentiful. 

Second. Person robust; visage oval, full and rounded ; n?se 
often slightly aquiline; complexion somewhat em browned, flond; 
eyes brown or grey; hair brown or reddish. In the '\'est Riding, 
especially in the elevated districts, very powerful men have these 
characters. 

"Third. Person of lower stature and smaller proportions ; 
visage short, rounded, complexion embro.;med ; eyes very dark, 



© 1873 Nature Publishing Group

NATURE 

elongated ; hair very duk. Individuals having these characters 
occur in the lower grounds of Yorkshire, as in the valley of the 
Airc below Leeds, in .the vale of the Derwent, and the level 
regions south of York." 

I have chosen to quote from Professor Phillips rather than to 
give descnptions of my own, both because his acquaintance with 
the facts is more extensive than mine, and because I desire to pay 
my small tribute to the genius and insight of the author of a 
work so unique and so admirable as his upon Yorkshire. 

lie ascribes the first and second of these types mainly to a 
Scandimvi:m, the last to a Romano·Dritish, or possible Iberian 
origin ; and appears . to think that the first, the tall, fair, long· 
faced breed, resembles the Swedes, and that the serond, the 
brown burly breed of the '\'est Riding, is more Nonvegian in 
character. He probably selects the Swedes as the purest or 
most typical of the Scandinavi:m nations.- For my om1 par!, I 
am disposed. to trent the ,first as N orwcgtan in ore than Anghan, 
the second as Anglian rather than Norse, and Norse rather than 
British. The tall fair type engrosses most of the .beauty of the 
north, having often an oval face, with a line straight profile 
nc:uly approaching the Greek, its Knox and Barnard Davis, 
two close obsen·ers, h:we both remarked. And it is 
markworthy that it reappears in force almost everywhere 
in Britain where Norse blood abounds, e.g. in Shetland, 
Orkney, Caithness, in the upper dass of the IIebridcans, 
in Cumberla•tl, "'estmoreland, and Lonsdale, about Lin­
coln (where Professor Phillips also iloted it) and the Vale of 
Trent, and nbout the towns of \\'aterford ar.<l. \\'exford. The 
second type, on the other hand, much resembles :1. prevailing 
form in Sta<rordshire, a very Anglian county. A notable point 
about it is the frequency of eyes of a 'neutral, undecided tint, 
between light and d:uk, green, brown, and grey, the hair being 
compar.ttively light. The third is of more doubtful and of more 
manifold origin. Iberian, llritokeltic, Roman, llreton, French· 
man, may all, or any of them, have contributed to its prevalence. 
I am inclined to think, though on rather slender grounds, that it is 
common in some of the districts depopulated by the Conqueror. 
Professor Phillips speaks of its smaller proportions, but it in­
cludes mai1y robust men. It is probably far from well repre­
senting the Brigantian type, which seems to me to have influenced 
the other types, but rarely to crop out all purely. 

The breadth of the head is, on the average, somewhat greater 
in Y orkshir<! than in other parts of Britain ; so we are informed 
by the hatters. In this the natives of Yorkshire agree with those 
of Denmark and Non\·ay, who h:we rather broader heads than 
those of Sweden and of Friesland. 

I hl\"C already spoken of the colours of the eyes and h:dr. 
The latter is, on the whole, lighter itl Yorkshire than in most 
parts of England ; but dull rather th:m bright shades prevail. In 
the east, at Whitby, Bridlington, and Beverley, in Tcesdalc and 
Miudle Airedale, light hair is particularly abundant; in Craven, 
as might have been expected, it is less so. Other parts of the 
county are not so well known to me, nnd in this matter I have 
to trust to my mm observations. 

As to the stature and bulk of the people, howe;·er, I have 
much and accurate information, through the kindness of nume­
rous observers, some of them of repute as u:1turalists. These 
are Mr. Atkinson of Danby, l\Ir. Tudor of Kirkdale, Dr. "'right 
of Melton, Dr. Christy of the North Riding Asylum, Drs. Kel· 
burne King and Casson of Hull, l\Ir. Ellerton of l\Iiddlesborougb, 
1\Ir. Wood of Richmond, Mr. Kaye of Bentham, Mr. Edy of 
Grassington, Dr. Paley of Ripon, Dr. Ingham of Haworth, 
Messrs. Armitage of Farnley, Dr. 'Vood of Kirkby Ovcrblo\Y1 

Dr. Aveling and l\Ir. Short of Sheffield, Mr. Miller, hte of 
"'akefield Pris·Jn, and :1 clergyman on the 'Voids, whom the 
prejudice; or fears of his parishioners will not allow me to name. 
"A Yorkshireman," complained this last gentlem:m, ''is a diffi­
cult animal to catch and weigh and measure;" but a very large 
number of them have been subjected to these processes by my 
obliging correspondents. The general result is that in the rural 
tricts they are remarkably tall and stalwart, though not, except 
in parts of the west, so heavy as their npparcnt size wouid indi· 
cate-but that -in the towns, and especially in Sheffield, they arc 
r.1pidly degenerating; and I conclude from the Haworth report 
that tiJ.e same is the case in the m:1nufacturing villages. In 
many of the rural districts the average ranges between 5 ft. 8 ir. 
and 5 ft. 9 in., and about Richmond and on the Bentham Fells 
is considerably higher: while at Sheffield and even at Haworth, 
it may reach 5 feet 6 inches. The causes of this great 

degenemtion arc manifold: some of them may easily be traced; 
but either the will or the power to remedy the evil is wanting. 

Of the moral and intellectual endowments of Y orkshiremet\, 
it may perhaps appear presumptuous or invidious to speak ; but 
the subject is too interesting to be pnssed by in silence, and 
I will endeavour to treat it \Yithout either "extenuating, or 
setting down r.ught in malice." In few parts of Britain does 
there exist il. more clearly marked moral type. To th:tt of the 
Irish it has hardly any affinity; bilt the Scotchman and the 
Southern Englishman alike tl!e differences which dis­
tinguish the Yorkshire character from their own, but arc not so 
apt to appreciate the numerous respecth·e points of resemblance. 
The character is essentially Teutonic, including the shrewdness, 
th<tmthfulness without c:mdour, the perseverance, energy, and 
industry of the Scotch, but little of their fntgality, or of the 
theological instinct common to the 'Velsh and Scotch, or of the 
imaginative genius, or the more brilliant qualities which some­
times light up the Scottish character. 

The sound judgment, the spirit of fair·pby, the Jove of 
comfort, order, and cleanliness, and the fondness for heavy 
feeding arc shared with the Saxon Englishman; but some 
of them arc still more strongly marked in the Y orkshireman, as 
is also the bluff independence-a Yery fine quality when it does 
not degenemte into selfish rudeness. The aptitude for music 
was remarked by Giraldus Cambrensis seven centuries ago ; and 
the taste for horseflesh seems to have descended from the 
old Norsemen, though it may have been fostered by Jocnl cir­

The mind like the body, is generally very vigorous 
anJ. and extremely well adapted to commercial and 
industrial pursuits, as well as the cultivation of the exact 
sciences. ; but a certain defect in in:iaginative power must, I think, 
be and is probably one reason, tl:o •,;h obviously not 
the only one, why Yorkshire, until quite t<•odem times, was 
generally behindhand in politics and religion, and why the 
11umber of her sons who, since Ca:dmon, have attained to 
high eminence in literature is not aboYe the average of Eng­
hnd. 
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