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ADDRESS OF THE PRESIDENT, SIR DOUGLAS -
GALTON, BEFORE THE BRITISH ASSO-
CIATION FOR THE ADVANCE-

MENT OF SCIENCE.

My first duty is to convey to you, Mr.
Mayor, and to the inhabitants of Ipswich,
the thanks of the British Association for
your hospitable invitation to hold our sixty-
fifth meeting in your ancient town, and thus
to recall the agreeable memories of the
similar favor which your predecessors con-
ferred on the Association forty-four years
ago.

In the next place I feel it my duty to say
a few words on the great loss which science
has recently: sustained—the death of the
Right Hon. Thomas Henry Huxley. It is
unnecessary for me toenlarge, in the presence
of 80 many to whom his personality was
known, upon his charm in social and do-
mestic life; but upon the debt which the
Association owes to him for the assistance
which he rendered in the promotion of
science I cannot well be silent. Huxley
was preéminently qualified to assist in
sweeping away the obstruction by dogmatic
authority, which in the early days of the
Association fettered progress in certain
branches of science. For, whilst he was an
eminent leader in biological research, his
intellectual power, his original and intrepid
mind, his vigorous and masculine English,
made him a writer who explained the deep-
est subject with transparent clearness. And
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as a speaker his lucid and forcible style was
adorned with ample and effective illustra-
tion in the lecture room ; and his energy
and wealth of argument in a more public
arena largely helped to win the battle of
evolution, and to secure for us the right to
discuss questions of religion and science
without fear and without favor. It may, I
think, interest you to learn that Huxley first
made the acquaintance of Tyndall at the
meeting of the Association held in this town
in 1851.

" About forty-six years ago I first began to
attend the meetings of the British Associa-
tion; and I was elected one of your general
secretaries about twenty-five years ago. It
is not unfitting, therefore, that I should
recall to your minds the conditions under
which science was pursued at the formation
of the Association, as well as the very re-
markable position which the Association has
occupiedin relation toscience in this country.
Between the end of the sixteenth century
and the early part of the present century
several societies had been created to de-
velop various branches of science.” Some of
these societies were established in London,
and others in important provincial centers.
In 1831, in the absence of railways, com-
munication between different parts of the
country was slow and difficult. Science
was therefore localised ; and in addition to
the universities in England, Scotland and
Ireland, the towns of Birmingham, Man-
chester, Plymouth and York each main-
tained an important nucleus of scientific re-
search.

Under these social conditions the British
Association was founded in September, 1831.
The general idea of its formation was de-
rived from a migratory society which had
been previously formed in Germany; but
whilst the German society met for the special
occasion on which it was summoned, and
then dissolved, the basis of the British As-
sociation was continuity. The objects of
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the founders of the British Association were,
enunciated in their earliest rules to be :

“To give a stronger impulse and a more
systematic direction to scientific inquiry;
to promote the intercourse of those who
cultivated science in different parts of the
British Empire with one another, and with
foreign philosophers; to obtain a more gen-
eral attention to the objects of science, and
a removal of any disadvantages of a public
kind which impede its progress.”’

Thus the British Association for the Ad-
vancement of Science based its utility upon
the opportunity it afforded for combination.

The first meeting of the Association was
held at York with 353 members. As an
evidence of the want which the Association
supplied, it may be mentioned that at the
second meeting, which was held at Oxford,
the number of members was435. The third
meeting, at Cambridge, numbered over 900
members, and at the meeting at Edinburgh
in 1834 there were present 1,298 members.

At its third meeting, which was held at
Cambridge in 1833, the Association, through
the influence it had already acquired, in-
duced the Government to grant a sum of
£500 for the reduction of the astronomical
observations of Baily. And at the same
meeting the General Committee commenced
to appropriate to scientific research the sur-
plus from the subscriptions of its members.
The committees on each branch of science
were desired ¢ to select definite and impor-
tant objects of science, which they'may think
most fit to be advanced by an application
of the funds of the society, either in com-
pensation for labor, or in defraying the
expenses of apparatus, or otherwise, stating
their reasons for their selection, and, when
they may think proper, designating indi-
viduals to undertake the desired investiga-
tions.” The several proposals were submit-
ted to the Committee of Recommendations,
whose approval was necessary before they
could be passed by the General Committee.
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The regulations then laid down still guide
the Association in the distribution of its
grants. At that early meeting the Associa-
tion was enabled to apply £600 to these
objects.

I have always wondered at the foresight
of the framers of the constitution of the
British Association, the most remarkable
feature of which is the lightness of the tie
which holds it together. It is not bound by
any complex central organization. It con-
sists of a federation of Sections, whose
youth and energy are yearly renewed by a
succession of Presidents and Vice-Presi-
dents, whilst in each Section some contin-
uity of action is secured by the less mov-
able Secretaries.

The governing body is the General Com-
mittee, the members of which are selected
for their scientific work; but. their control-
ing power is tempered by the law that all
changes of rules, or of constitution, should
be submitted to, and recéive the approval
of, the Committee of Recommendations.

This Committee may be described as an -

ideal Second Chamber. It consists of the
most experienced members of the Associa-
tion. The administration of the Association
in the interval between annual meetings is
carried on by the Council, an executive
body, whose duty it is to complete the
work of the annual meeting (a) by the
publication of its Proceedings; () by giving
effect to resolutions passed by the General
Committee; (¢) it also appoints the Local
Committee and organizes the personnel of
each Section for the next meeting. I be-
lieve that one of the secrets of the long-
continued success and vitality of theBritish
Association lies in this purely democratic
constitution, combined with the compul-
sory careful consideration which must be
given to suggested organic changes.

The Association is now in the sixty-fifth
year of its existence. In its origin it in-
vited the philosophical societies dispersed
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throughout Great Britain to unite in a
cooperative union. Within recent years it
has endeavored to consolidate that union.
At the present time almost all important
local scientific societies scattered through-
out the country, some sixty-six in number,
are in correspondence with the Association.
Their delegates hold annual conferences at
our meetings. The Association has thus
extended the sphere of its action; it places
the members of the local societies engaged
in scientific work in relation with each
other, and brings them into cooperation
with members of the Association and with
others engaged in original investigations,
and the papers which the individual socie-
ties publish annually are catalogued in our
report. Thus by degrees a national cata-
logue will be formed of the scientific work
of these societies, The .Association has,
moreover, shown that its scope is cotermin-
ous with the British Empire by holding one
of its annual méetings at Montreal, and we
are likely soon to hold a meeting in Toronto.

The Association, at its first meeting, be-
gan its work by initiating a series of reports
upon the then condition of the several sci-
ences. A rapid glance at some of these re-
ports will not only show the enormous strides
which have been made since 1831 in the in-
vestigation of facts to elucidate the laws of
nature, but it may afford a slight insight
into the impediments offered to the progress
of investigation by the mental condition of
the community, which had been for so long
satisfied to accept assumptions without
undergoing the labor of testing their truth
by ascertaining the real facts. This habit
of mind may be illustrated by two instances
selected from the early reports made to the
Association. The first is afforded by the
report made in 1832, by Mr. Lubbock, on
¢Tides.’

This was a subject necessarily of impor-
tance to England as a dominant power at
sea. But in England records of the tides
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had only recently been commenced at the
-dockyards of Woolwich, Sheerness, Ports-
mouth and Plymouth, on the request of the
Royal Society, and no information had been
collected upon the tides on the coasts of
Scotland and Ireland. The British Asso-
ciation may feel pride in the fact that
within three years of its inception, viz. by
1834, it had induced the Corporation of
Liverpool to establish two tide gauges, and
the Government to undertake tidal obser-
vations at 500 stations on the coasts of
Britain.

Another cognate instance is exemplified
by a paper read at the second meeting, in
1832, upon the State of Naval Architecture
in Great Britain. The author contrasts the
extreme perfection of the carpentry of the
internal fittings of the vessels with the re-
markable deficiency of mathematical the-
ory in the adjustment of the external form
of vessels, and suggests the benefit of the
application of refined analysis to the vari-
ous practical problems which ought to in-
terest shipbuilders—problems of capacity,
of displacement, of stowage, of velocity, of
pitching and rolling, of masting, of the ef-
fects of sails and of the resistance of fluids;
and, moreover, suggests that large-scale ex-
periments should be made by Government,
to afford the necessary data for calculation.

Indeed, when we consider how completely
the whole habit of mind of the:populations
of the western world has been changed,
since the beginning of the century, from
willing acceptance of authority as a rule of
life to a universal spirit of inquiry and ex-
perimental investigation, is it not probable
that this rapid change has arisen from so-
ciety having been stirred to its foundations
by the causes and consequences of the
French Revolution ?

One of the earliest practical results of
this awakening in France was the convie-
tion that the basis of scientific research lay
in the accuracy of the standards by which
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observations could be compared; and the
following principles were laid down as a ba-
sis for their measurements of length, weight
and capacity, viz.: (1) That the unit of lin-
ear measure applied to matter in its three
forms of extension, viz.: length, breadth
and thickness, should be the standard of
measures of length, surface and solidity ;
(2) that the cubic contents of the linear
measure in decimeters of pure water at the
temperature of its greatest density should
furnish at once the standard weight and the
measure of capacity.* The metric system
did not come into full operation in France
till 1840; and it is now adopted by all
countries on the continent of Europe except
Russia.

The standards of length which were ac-
cessible in Great Britain at the formation
of the Association were the Parliamentary
standard yard lodged in the Houses of Par-
liament (which was destroyed in 1834 in
the fire which burned the Houses of Parlia-
ment), the Royal Astronomical Society’s
standard and the 10-foet bar of the Ord-
nance Survey. The first two were as-
sumed to afford exact measurements at a
given temperature. The Ordnance bar was
formed of two bars on the principle of
a compensating pendulum, and afforded
measurements independent of temperature.
Standard bars were also disseminated
throughout the country, in possession of
the corporations of various towns.

The British Association early recognized
the importance of uniformity in the record
of scientific facts, as well as the necessity
for an easy method of comparing standards
and for verifying differences between instru-
ments and apparatus required by various
observers pursuing similar lines of investi-

* The liter is the volume of a kilogramme of pure
water at its maximum density, and is slightly less
than the liter was intended to be, viz., one cubic
decimeter. The weight of a cubic decimeter of pure
water is 1.000013 kilogrammes.
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gation. ‘At its meeting at Edinburgh in
1834 it caused a comparison to be made be-
tween the standard bar at Aberdeen, con-
structed by Troughton, and the standard of
the Royal Astronomical Society, and re-

ported that the scale ‘“was exceedingly .

well finished; it was about 3} of an inch
shorter than the five-feet of the Royal As-
tronomical Society’s scale, but it was evi-
dent that a great number of minute, yet
important, circumstances have hitherto
been neglected in the formation of such
scales, without an attention to which they
cannot be expected to accord with that de-
gree of accuracy which the present state of
science demands.” Subsequently,” at the
meeting at Newcastle in 1863, the Associa-

tion appointed a committee to report on the

‘best means of providing for a uniformity of
weights and measures with reference to the
interests of science. This committee rec-
ommended the metric decimal system—a
recommendation which has been endorsed
by a committee of the House of Commons
in the last session of last Parliament.
British instrument makers had been long
conspicuous for accuracy of workmanship.
Indeed; in the eighteenth century practical
astronomy had been mainly in the hands of
British observers; for although the mathe-
maticians of France and other countries on
the continent of Europe were occupying the
foremost place in mathematical investiga-
tion, means of astronomical observation had

been furnished almost exclusively by EngQ ,

lish artisans.

The sectors, quadrants and circles of
‘Ramsden, Bird and Carey were inimitable
by continental workmen. But the accuracy
of the mathematical instrument maker had
not penetrated into the engineer’s work-
shop. And the foundation of the British
Association was coincident with a rapid
development of mechanical ~appliances.
At that time a good workman had done
well if the shaft he was turning, or the cyl-
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inder he was boring, ¢ was right to the 75 of
an inch.” This was, in fact, a degree of ac-
curacy as fine as the eye could usually dis-
tinguish. '

" Few mechanics had any distinet knowl-
edge of the method to be pursued for ob-
taining accuracy ; nor, indeed, had practi-
cal men sufficiently appreciated either the
immense importance or the comparative
facility of its acquisition. The accuracy of
workmanship essential to this development
of mechanical progress required very pre-
cise measurements of length, to which
reference could be easily made. No such
standards were then available for the work-
shops. But a little before 1830 a young
workman named Joseph Whitworth real-
ized that the basis of accuracy in machin-
ery was the making of a true plane. The
idea occurred to him that this could only
be secured by making three independent
plane surfaces; if each of these would lift
the other they must be planes and they
must be true.

The true plane rendered possible a degree
of accuracy beyond the wildest dreams of
his contemporaries in the. construction of
the lathe and the planing machine, which
are used in the manufacture of all tools.
His next step was to introduce an exact

' gystem of measurement, generally applica-

ble in the workshop.

Whitworth felt that the eye was alto-
gether inadequate to secure this, and ap-
pealed to the sense of touch for affording a
means of comparison. If two plugs be
made to fit into a round hole they may
differ in size by a quantity inperceptible to

the eye, or to any ordinary process of

measurement, but in fitting them into the
hole the difference between the larger and
the smaller is felt immediately by the
greater ease with which the smaller one
fits. In this way a child can tell which is
the larger of two cylinders differing in
thickness by no more than z¢;5 of an inch.
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Standard gauges, consisting of hollow
cylinders with plugs to fit, but differing in
diameter by the ! g or the 15455 of an
inch, were given to his workmen, with
the result that a degree of accuracy incon-
ceivable to the ordinary mind became the
rule of the shop.

To render the construction of accurate
gauges possible, Whitworth devised his
measuring machine, in which the move-
ment was affected by a screw ; by this
means the distance between two true
planes might be measured to the one-mil-
lionth of an inch.

These advances in precision of measure-
ment have enabled the degree of accuracy
which was formerly limited to the mathe-
matical instrument maker to become the
common property of every machine shop.
And not only is the latest form of steam
engine, in the accuracy of its workman-
ship, little behind the chronometer of the
early part of the century, but the accu-
racy in the construction of experimental
apparatus which has thus been introduced
has rendered possible recent advances in
many lines of research.

Lord Kevlin said, in his Presidential Ad-
dress at Edinburgh, ¢ Nearly all the grand-
est discoveries of science have been but the
rewards of accurate measurement and pa-
tient, long-continued labor in the sifting
of numerical results.” The discovery of
argon, for which Lord Rayleigh and Prof.
Ramsay have been awarded the Hodgkin
prize by the Smithsonian Institution, affords
a pregnant illustration of the truth of this
remark. Indeed, the provision of accurate
standards not only of length, but of weight,
capacity, temperature, force and energy, are
amongst the foundations of scientific inves-
tigation.

In 1842 the British Association obtained
the opportunity of extending its usefulness
in this direction. In that year the Govern-
ment gave up the Royal Observatory at Kew
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and offered it to the Royal Society, who de-
clined it. But the British Association ac-
cepted the charge. Their first object was.
to continue Sabine’s valuable observations
upon the vibrations of a pendulum in
various gases, and to promote pendulum
observations in different parts of the world.
They subsequently extended it into an
observatory for comparing and verifying
the various instruments which recent dis-
coveries in physical science had suggested
for continuous meteorological and magnetic
observations, for observations and experi-
ments on atmospheric electricity, and for
the study of solar physics.

This new departure afforded a means for:
ascertaining the advantages and disadvan-
tages of the several varieties of scientific in-
struments, as well as for standardizing and
testing instruments, not only for instru-
ment makers, but especially for observers
by whom simultaneous observations were
then being carried on in different parts of
the world, and also for training observers
proceeding abroad on scientific expeditions.
Its special object was to promote original
research, and expenditure was not to be
incurred on apparatus merely intended to
exhibit the mnecessary consequences of
known laws.

The rapid strides in electrical science had
attracted attention to the measurement of
electrical resistances, and in 1859 the Brit-
ish Association appointed a special com-
mittee to devise a standard. The standard
of resistance proposed by that committee
became the generally accepted standard, un-
til the requirements of that advancing sci-
ence led to the adoption of an international
standard. ,

In 1866 the Meteorological Department
of the Board of Trade entered into close
relations with the Kew Observatory, and
in 1871 Mr. Gassiot transferred £10,000
upon trust to the Royal Society for the
maintenance of the Xew Observatory,
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for the purpose of assisting in carrying on
magnetical, meteorological and other phys-
ical observations. The British Association
thereupon, after having maintained this
Observatory for nearly thirty years, at a
total expenditure of about £12,000, handed
the Observatory over to the Royal Society.

The Transactions of the British Associa-
tion are a catalogue of its efforts in every
branch of science, both to promote experi-
mental research and to facilitate the appli-
cation of the results to the practical uses of
life.
ment in science which has accompanied the
life-history of the Association will be best
appreciated by a brief allusion to the con-
dition of some of the branches of science in
1831 as compared with their present state.

At the foundation of the Association
geology was assuming a prominent position
in science. The main features of English
geology had been illustrated as far back as
1821, and among the founders of the Brit-
ish Association, Murchison and Phillips,
Buckland, Sedgwick and Conybeare, Lyell
and De la Beche weére occupied in investi-
gating the data necessary for perfecting a
geological chronology by the detailed obser-
vations of the various British deposits, and
by their correlation with the continental
strata.. They are thus preparing the way
for those large generalizations which have
raised geology to the rank of an inductive
science.

In 1831 the ordnance maps published
for the southern counties had enabled the
Government to recognize the importance of
a geological survey by the appointment of
Mr. De la Beche to affix geological colors
to the maps of Devonshire and portions of
Somerset, Dorset and Cornwall; and in
1835 - Lyell, Buckland and Sedgwick in-
duced the Government to establish the
Geological Survey Department, not only
for promoting geological science, but on ac-
count of its practical bearing on a,grlculture s
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mining, the making of roads," railways
and canals, and on other branches of na-
tional industry.

The ordnance survey appears to have
had its origin in a proposal of the French
Government to make a joint measureient
of an arc of the meridian. This proposal
fell through at the outbreak of the Revolu-
tion, but the measurement of the base for

‘that object was taken as a foundation for a

national survey. In 1831, however, the
ordnance survey had only published the
1-inch map for the southern portion of
England, and the great triangulation of
the kingdom was still incomplete. -

In 1834 the British Association urged
upon the Government that the advance-
ment of various branches of science was
greatly retarded by the want of an accurate
map of the whole of the British Isles; and
that, consequently, the engineer and
meteorologist, the agriculturist and geolo-
gist, were each fettered in their scientific
investigations by the absence of those accu-
rate data which now lie ready to his hand
for the measurement of length, of surface
and of altitude. .

Yet the first decade of the British Asso~
ciation was coincident with a considerable
development of geographical - research,
The Association was persistent in pressing
on the Government the specific importance
of sending the expedition of Ross to the
Antarctic and of Franklin to the Arctic re-
gions. We may trust we are approaching
ing a solution of the geography of the North
Pole ; but the Antarctic regions still pre-
sent a field for the researches of the meteor-
ologist, the geologist, the biologist and the
magnetic observer, which the recent voy-
age of M. Borchgrevink leads us to hope
may not long remain unexplored.

In the same decade the question of an aJ,- ;
ternative route to India by means of a com-
munication between the Mediterranean and
the Persian Gulf was also receiving attens
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tion, and in 1835 the Government employed
Colonel Chesney to make a survey of the
Euphrates Valley in order to ascertain
whether that river would enable a practica-
ble route to be formed from Iskanderoon or
Tripoli, opposite Cyprus, to the Persian
Gulf. His valuable surveys are not, how-
ever, on a sufficiently extensive scale to en-
able an opinion to be formed as to whether
a navigable waterway through Asia Minor
is physically practicable, or whether the
cost of establishing it might not be prohibi-
tive.

.The advances of Russia in Central Asia
have made it imperative to provide an easy,
rapid and alternative line of communica-
tion with our Eastern possessions, so as not
to be dependent upon the Suez Canal in
time of war. If a navigation cannot be es-
tablished, a railway between the Mediterra-
nean and the Persian Gulf has been shown
by the recent investigations of Messrs.
Hawkshaw and Hayter, following on those
of others, to be perfectly practicable and
easy of accomplishment ; such an undertak-
ing would not only be of strategical value,
but it is believed it would be commercially
remunerative.

*. Speke arid Grant brought before the As-
sociation, at its meeting at Newecastle in
1863, their solution of the mystery of the

Nile basin, which had puzzled geographers

from the days of Herodotus; and the efforts
of Livingstone and Stanley and others have
opened out to us the interior of Africa. I can-
not refrain here from expressing the deep re-
gret which geologists and geographers, and
indeed all who are interested in the progress
of discovery, feel at the recent death of Jo-
seph Thomson. His extensive, accurate
and trustworthy observations added much
to our knowledge of Africa, and by his pre-
mature death we have lost one of its most
competent explorers.

The report made to the Association on
the state of the chemical sciences in 1832
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says that the efforts of investigators were
then being directed to determining with ag«
curacy the true nature of the substances
which compose the various products of the
organic and inorganic kingdoms, and thé
exact ratios by weight which the different
constituents of these substances bear to ea¢h
other. , :

But since that day the science of chemis-
try has far extended its boundaries. The
barrier has vanished which was supposed
to separate the products of living organisms
from the substances of which minerals ¢on-
sist, or which could be formed in the labora-
tory. The number of distinct carbon com-
pounds obtainable from organisms has
greatly increased; but it is small when
compared with the number of such com-
pounds which have been artificially formed.
The methods of analysis have been per-
fected. The physical, and especially the op-
tical, properties of the various forms of mat-
ter havebeen closely studied, and many fruit-
ful generalizations have been made. The
form in which these generalizations would
now be stated may probably change, some,
perhaps, by the overthrow or disuse of an
ingenious guess at nature’s workings, but
more by that change which is the ordinary
growth of science —namely, inclusion ‘in
some simpler and more general view.

In these advances the chemist has called
the spectroscope to his aid. ‘Indeed, the
existence of the British Association has
been_practically coterminous with the com-
paratively newly developed science of spec-
trum analysis, for though Newton,* Wol-

* Joannes Marcus Marci, of Kronland in Bohemia,
was the only predecessor of Newton who had any
knowledge of the formation of a spectrum by a
prism. He not only observed that the colored rays
diverged as they left the prism, but that a colored
ray did not change in color after transmission through
a prism. His book, Thaumantias, liber de arcu celesti
deque colorum apparentium nature, Prag. 1648, was,
however, not known to Newton, and had noinfluence
upon future discoveries.
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laston, Fraunhofer and Fox Talbot had
worked at the subject long ago, it was not
till Kirchhoff and Bunsen set a seal on the
prior labors of Stokes, Angstrﬁm and Balfour
Stewart that the spectra of terrestrial ele-
ments were mapped out and grouped; that
by its help new elements were discovered,
and that the idea was suggested that the va-
rious orders of spectra of the same ele-
ment are due. to the existence of the
element in different molecular forms—allo-
‘tropic or otherwise—at different temper-
.atures.

But great as have been the advances of
terrestrial chemistry through its assistance,
the most stupendous advance which we owe
to the spectroscope lies in the celestial di-
rection. In theearlier part of this century,
whilst the sidereal universe was accessible
to investigators, many problems outside the
solar system seemed to be unapproach-
able. :

At the third meeting of the Association,
at Cambridge, in 1833, Dr. Whewell said
that astronomy is not only the queen of
science, but the only perfect science, which
was ‘‘in so elevated a state of flourishing
maturity that all that remained was to de-
termine with the extreme of accuracy the
consequences of its rules by the profoundest
combinations of mathematics, the magni-
tude of its data by the minutest scrupulous-
ness of observation.”

But in the previous year, viz., 1832, Airy,
in his report to the Association on the prog-
ress of astronomy, had pointed out that the
observations of the planet Uranus could
not be united in one elliptic orbit—a re-
mark which turned the attention of Adams
to the discovery of Neptune. In his report
on the position of optical science in 1832,
Brewster suggested that with the assistance
of adequate instruments * it would be pos-
sible to study the action of the elements of
material bodies upon rays of artificial light,
and thereby to discover the analogies. be-
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tween their affinities and those which pro-
duce the fixed lines in the spectra of the
stars, and thus to study the effects of the
combustions which light up the suns of
other systems.”

This idea has now been realized. All the
stars which shine brightly enough to im-
press an image of the spectrum upon a
photographic plate have been classified on
a chemical basis. The close connection be-
¢ween stars and nebule has been demon-
strated; and while on the one hand the
modern science of thermodynamics has
shown that the hypothesis of Kant and La-
place on stellar formation is no longer ten-
able, inquiry has indicated that the true
explanation of stellar evolution is to be
found in the gradual condensation of me-
teoritic particles, thus justifying the sug-
gestions put forward long ago by Lord
Kelvin and Prof. Tait.

‘We now know that the spectra of many
of the terrestrial elements in the chromo-
sphere of the sun differ from those familiar
to us in our laboratories. We begin to glean
the fact that the chromospheric spectra are
similar to those indicated by the absorption
going on in the hottest stars, and Lockyer
has not hesitated to affirm that these facts
would indicate that in those localities
we are in the presence of the actions of
temperatures sufficiently high to break up
our chemical elements into finer forms.

-Other students of these phenomena may

not agree in this view, and possibly the dis.
crepancies may be due to default in our
terrestrial chemistry. 8till, I would recall
to you that Dr. Carpenter, in his Presi-
dential Address at Brighton in 1872, almost
censured the speculations of Frankland and
Lockyer in 1868 for attributing a certain
bright line in the spectrum of solar promi-
nences (which was not identifiable with that
of any known terrestrial source of light)
to a hypothetical new substance which they
proposed to call ¢helium,’ because *“it had




430

not recéived that verification which, in the
case of Crookes’ search for thallium, was
afforded by the actual discovery of the new
metal.” Ramsay has now shown that this
gas is present in dense minerals on earth;
but we have now also learned from Lock-
yer that it and other associated gases are
not only found with hydrogen in the solar
chromosphere, but that these gases, with
hydrogen, form a large percentage of the
atmospheric constituents of some of the
hottest stars in the heavens.

The spectroscope has also made us ac-
quainted with the motions and even the
velocities of those distant orbs which make
up -the sidereal universe. It has enabled
us to determine that many stars, single to
the eye, are really double, and many of the
conditions of these strange systems have
been revealed. The rate at which matter
is moving in solar cyclones and winds is
now familiar to us. And I may also add
that quite recently this wonderful instru-
ment has enabled Prof. Keeler to verify
Clerk Maxwell’s theory that the rings of
Saturn consist of a marvellous company of
separate moons—as it were, a cohort of
courtiers revolving round their queen—with
velocities proportioned to their distances
from the planet.

If we turn to the sciences which are in-
cluded under physics, the progress has been
equally marked. In optical science, in
1831, the theory of emission as contrasted
with the undulatory theory of light was still
under discussion. Young, who was the first
to explain the phenomena due to the inter-
ference of the rays of light as a consequence
of the theory of waves, and Fresnel, who
showed the intensity of light for any relative
position of the interference waves, both had
only recently passed away.

The investigations into the laws which
regulate the conduction and radiation of
heat, together with the doctrine of latent
and of specific heat, and the relations of

SCIENCE.

[N.S. Vor. I No. 40.

vapor to air, had all tended to the concep-
tion of a material heat, or caloric, commu-
nicated by an actual flow and emission.
It was not till 1834 that improved ther-
mometrical appliances had enabled Forbes
and Melloni to establish the polarisation of
heat, and thus to lay the foundation of an
undulatory theory for heat similar to that
which was in progress of acceptation for
light.

‘Whewell’s report, in 1832, on magnetism
and electricity shows that these branches of
science were looked upon as cognate, and
that the theory of two opposite electric
fluids was generally accepted. In magnet-
ism the investigations of Hansteen, Gauss
and Weber in Europe, and the observations
made under the Imperial Academy of Rus-
sia over the vast extent of that Empire, had
established the existence of magnetic poles,
and had shown that magnetic disturbances
were simultaneous at all the stations of ob-
servation.

At their third meeting the Association
urged the Government to establish magnetic
and meteorological observatories in Great
Britain-and her colonies and dependencies
in different parts of the earth, furnished
with proper instruments, constructed on
uniform principles, and with provisions for
continued observations at those places.

In 1839 the British Association had a
large share in inducing the Government to
initiate the valuable series of experiments
for determining the intensity, the declina-
tion, the dip and the periodical variations
of the magnetic needle which were carried
on for several years, at numerous selected
stations over the surface of the globe, under
the directions of Sabine and Lefroy.

In England systematic and regular ob-
servations are still made at Greenwich,
Kew and Stonyhurst. For some years past
similar observations by both absolute and
self-recording instruments have also been
made at Falmouth—close to-the home of
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Robert Were Fox, whose name is insepa-
rably connected with the early history of
terrestrial magnetism in this country; but
under such great financial difficulties that
the continuance of the work is seriously
Jjeopardised. It is to be hoped that means
may be forthcoming to carry it on. Corn-
ishmen, indeed, could found no more fitting
memorial of their distinguished country-
man, John Couch Adams, than by suitably
endowing the magnetic observatory in
which he took so lively an interest.

Far more extended observation will be
needed before we can hope to have an es-
tablished theory as to the magnetism of the
earth. We are without magnetic observa-
tions over a large part of the southern
hemisphere. And Prof. Riicker’s recent
investigations tell us that the earth seems
as it were alive with magnetic forces, be
they due to electric currents or to varia-
tions in the state of magnetised matter;
that the disturbances affect not only the
diurnal movement of the magnet, but that
even the small part of the secular change
which has been observed, and which has
taken centuries to accomplish, is interfered
with by some slower agency. And, what
is more important, he tells us that none of
these observations stand as yet upon a firm
basis, because standard instruments have
not been in accord; and much labor, beyond
the power of individual effort, has hitherto
been required to ascertain whether the re-
lations between them are constant or vari-
able.

In electricity, in 1831, .just at the time
when the British Association was founded,
Faraday’s splendid researches in electricity
and magnetism at the Royal Institution
had begun with his discovery of magneto-
-electric induction, his investigation of the
laws of electro-chemical decomposition, and
-of the mode of electrolytical action. But
the practical application of our electrical
knowledge was then limited to the use
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of lightning conductors for buildings and
ships. Indeed, it may be said that the ap-
plications of electricity to the use of man
have grown up side by side with the British
Association.

One of the first practical applications of
Faraday’s discoveries was in the deposition
of metals and electro-plating, which has
developed into a.large branch of national
industry; and the dissociating effect of the
electric arc, for the reduction of ores, and
in other processes, is daily obtaining a
wider extension.

But probably the application of electricity
which is tending to produce the greatest
change in our mental and even material
condition is the electric telegraph and its
sister, the telephone. By their agency not
only do we learn, almost at the time of
their occurrence, the events which are hap-
pening in distant parts of the world, but
they are establishing a community of
thought and feeling between all the nations
of the world which is influencing their at-
titude towards each other, and, we may
hope, may tend to weld them more and
more into one family.

The electric telegraph was introduced
experimentally in Germany in 1833, two
years after the formation.of the Association.
It was made a commercial success by Cooke
and Wheatstone in England, whose first at-
tempts at telegraphy were made on the line
from Euston to Camden Town in 1837, and
on the line from Paddington to West Dray-
ton in 1838. The submarine telegraph to
America, conceived in 1856, became a practi-
cal reality in 1866 through the commercial
energy of Cyrus Field and Pender, aided
by the mechanical skill of Latimer Clark,
Gooch and others, and the scientific genius
of Lord Kelvin. The knowledge of elec-
tricity gained by means of its application
to the telegraph largely assisted the exten-
gion of its utility in other directions.

The electric light gives, in its incandes-
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cent form, a very perfect hygienic light.
‘Where rivers are at hand the electrical
transmission of power will drive railway
trains and factories economically, and
might enable each artisan to convert his
room into a workshop, and thus assist in
restoring to the laboring man some of the
individuality which the factory has tended
to destroy. In 1843 Joule described his
experiments for determining the mechanical
equivalent of heat. But it was not until
the meeting at Oxford, in 1847, that he
fully developed the law of the conservation
of energy, which, in conjunction with New-
ton’s law of ‘the conservation of momen-
tum, and Dalton’s law of the conservation
of chemical elements, constitutes a com-
plete mechanical foundation for physical
science. '
‘Who, at the foundation of the Associa-
tion, would have believed some far-seeing
philosopher if he had foretold that the
spectroscope would analyze the constituents
of the sun and measure the motions of the
stars; that we should liquefy air and utilize
temperatures approaching to the absolute
zero for experimental research; that, like
the magician in the ‘Arabian Nights,” we
should annihilate distance by means of the
electric telegraph and the telephone; that
we should illuminate our largest buildings
instantaneously, with the clearness of day,
by means of the electric current; that by
the electric transmission of power we
should be able to utilize the Falls of Niagara
to work factories at distant places ; that we
should extract metals from the crust of the
earth by the same electrical agency to
which, in some cases, their deposition has
been attributed ? '
These discoveries and their applications
‘have been brought to their present condi-
tion by the researches of a long line of
scientific explorers, such as Dalton, Joule,
Maxwell, Helmholtz, Herz, Kelvin and
Rayleigh, aided by vast strides made in me-
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chanical skill. But what will our succes-
sors be discussing sixty years hence? How
little do we yet know of the vibrations
Far
as we have advanced in the application of
electricity to the uses of life, we know but
little even yet of its real nature. We are
only on the threshold of the knowledge of
molecular action, or of the constitution of’
the all-pervading ether. Newton, at the
end of the seventeenth century, in his pre-
face to the ¢ Principia,” says: “I have de-
duced the motions of the planets by mathe-
matical reasoning from forces; and I would
that we could derive the other phenomena
of nature from mechanical principles by the,
same mode of reasoning. For many things.
move me, so that I somewhat suspect that.
all such may depend on certain forces by
which the particles of bodies, through
causes not yet known, are either urged
towards each other according to regular
figures, or are repelled and recede from
each other; and these forces being un-
known, philosophers have hitherto made.
their attempts on nature in vain.”

In 1848 Faraday remarked: ¢ How rapid-
ly the knowledge of molecular forces grows.
upon us, and how strikingly every investiga-
tion tends to develop more and more their
importance. A few years ago magnetism
was an occult force, affecting only a few
bodies;now it is found to influence all bodies,
and to possess the most intimate relation.
with electricity, heat, chemical action, light,
crystallization; and through it the forces.
concerned in cohesion. We may feel en-
couraged to continuous labors, hoping to
bring it into a bond of union with gravity
itself.”

- But it is only within the last few years.
that we have begun to realize that elec-
tricity is closely connected with the vibra-
tions which cause heat and light, and
which seem to pervade all space—vibra-
tions which may be termed the voice of the
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Creator calling to each atom and to each
eell of protoplasm to fall into its ordained
position, each, as it were, a musical note in
the harmonious symphony which we call
the universe. ‘

At the first meeting, in 1831, Prof. James
D. Forbes was requested to draw up a re-
port on the State of Meteorological Science,
on the ground that this science is more in
want than any other of that systematic
direction which it is one great object of the
Association to give. Prof. Forbes made his
first report in 1832, and a subsequent report
in 1840. The systematic records now kept in
various parts of the world of barometric pres-
sure, of solar heat, of the temperature and
physical conditions of the atmosphere at
various altitudes, of the heat of the ground
at various depths, of the rainfall, of the
prevalence of winds, and the gradual eluci-
dation not only of the laws which regulate
the movements of cyclones and storms, but
of the influences which are exercised by the
sun and by electricity and magnetism, not
only upon atmospheric conditions, but upon
health and vitality, are gradually approxi-
mating meteorology to the position of an
exact science.

England took the lead in rainfall obser-
vations. Mr. G. J. Symons organized the
British Rainfall System in 1860 with 178
observers, a system which until 1876 re-
ceived the help of the British Association.
Now Mr. Symons himself conducts it, as-
sisted by more than 3000 observers, and
these volunteers not only make the obser-
vations, but defray the expense of their re-
duction and publication. In foreign coun-
tries this work is done by government
officers at the public cost. At the present
time a very large number of rain gauges are
in daily use throughout the world. The
British Islands have more than 3000, and
India and the United States have nearly as
many; France and Germany are not far
behind; Australia probably has more—in-
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deed, one colony alone, New South Wales,
has more than 1100. .
The storm warnings now issued under
the excellent systematic organization of the
Meteorological Committee may be said to
have had their origin in the terrible storm
which broke over the Black Sea during the
Crimean War, on November 27, 1855. Le-
verrier traced the progress. of that storm,
and seeing how its path could have been
reported in advance by the electric tele-
graph, he proposed to establish observing
stations which should report to the coasts
the probability of the occurrence of a storm.
Leverrier communicated with Airy, and the
government authorized Admiral Fitz Roy
to make tentative arrangements in this
country. The idea was also adopted on
the continent, and now there are few civil-
ized countries north or south of the equator
without a system of storm warning.*

(To be concluded.)

ELECTRIFICATION AND DISELECTRIFICA-
TION OF AIR AND OTHER GASES.t

§ 1. EXPERIMENTS were .made for the
purpose of finding an approximation to the
amount of electrification communicated to
air by one or more electrified needle points.
The apparatus consisted of a metallic can
48 cms. high and 21 cms. in diameter, sup-
ported by paraffine blocks, and connected
to one pair of quadrants of a quadrant
It had a hole at the top to
admit the electrifying wire, which was 5.31
metres long, hanging vertically within a

* It has often been supposed that Leverrier was also
the first to issue a daily weather map, but that was
not the case, for in the Great Exhibition of 1851 the
Electric Telegraph Company sold daily weather maps,
copies of which are still in existence, and the data
for them were, it is believed, obtained by Mr.
James Glaisher, F. R. S., at that time Superintend-
ent of the Meteorological Department at Greenwich.

tAbstract of a paper by Lord Kelvin, Magnus Mac-
lean and Alexander Galt, read before the British As-
sociation for the Advancement of Science.



