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ADDRESS

oF

Sik WILLIAM THOMSON, Kxr., LL.D., F.R.S,,

PRESIDENT.

For the third time of its forty years’ history the DBritish Association is
assembled in the metropolis of Scotland. The origin of the Association is
connected with Edinburgh in undying memory through the honoured names
of Robison, Brewster, Forbes, and Johnston.

In this place, from this Chair, twenty-one years ago, Sir David Brewster
said :—* On the return of the Dritish Association to the metropolis of Scot-
“land I am naturally reminded of the small band of pilgrims who carried
¢ the seeds of this Institution into the more genial soil of our sister land.”
«+ « + « « C“pir John Robison, Professor Johnston, and Professor J. D,
“ Forbes were the carliest friends and promoters of the British Association,
“ They went to York to assist in its establishment, and they found there the
“ very men who were qualified to foster and organize it. The Rev. Mr.
“ Yernon Harcourt, whose name cannot be mentioned here without grati-
“ {ude, had provided laws for its government, and, along with Mr. Phillips,
“ the oldest and most valuable of our office-bearers, had made all those
“ arrangements by which its success was ensured. Headed by Sir Roderick
¢ Murchison, one of the very carliest and most active advocates of the
¢ Association, there assembled at York about 200 of the friends of seience.”

The statement I have read contains no allusion to the real origin of the
British Association. This blank in my predecessor’s historical sketch I am
able to fill in from words written by himself twenty years earlier. Through
the kindness of Professor Phillips I am enabled to read to you part of a
letter to him at York, written by David Brewster from Allerly by Melrose,
on the 23rd of February, 1831 :—
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« Dear Sir,—I have taken the liberty of writing you on a subject of con-
“ giderable importance. It is proposed to establish a British Association of
% men of science similar to that which has existed for cight years in Ger-
¢ many, and which is now patronized by the most powerful Sovereigns of that
« part of Europe. The arrangements for the first meeting are in progress; and
“ it is contemplated that it shall be held in York, as the most central city for
“ the three kingdoms. My object in writing you at present is to beg that you
¢ would ascertain if York will furnish the accommodation necessary for so
“ Jarge o meeting (which may perhaps consist of above 100 individuals), if
“« the Philosophieal Society would enter zealously into the plan, and if the
¢ Mayor and influential persons in the town and in the vicinity would be
“ likely to promote its objects. The principal object of the Society would
“ he to make the cultivators of science acquainted with each other, to stimu-
# Jate one another to new exertions, and to bring the objects of science more
¢ before the public eye, and to take measures for advancing its interests
¢ and accelerating its progress.”

Of the little band of four pilgrims from Scotland to York, not one now
survives. Of the seven first Associates one more has gone over fo the
majority since the Association last met. Vernon Harcourt is no longer with
us ; but his influence remains, a beneficent and surely therefore never dying
influence. He was a Geologist and Chemist, a large-hearted lover of science,
and an unwearied worker for its advancement. Brewster was the founder of
the British Association ; Vernon Harcourt was its law-giver. His code re-
mains to this day the law of the Association.

On the eleventh of May last Sir John Herschel died in the eightieth year of
his age. The name of Herschel is a household word throughout Great Britain
and Ireland—yes, and through the whole civilized world. "We of this genera-
tion have, from our lessons of childhood upwards, learned to see in Herschel,
father and son, a presidivin et dulce decus of the precious treasure of British
scientific fame. When geography, astronomy, and the use of the globes were
still taught, even to poor children, as a pleasant and profitable sequel to “read-
ing, writing, and arithmetie,” which of us did not revere the great telescope
of Sir William Herschel (one of the Hundred Wonders of the World), and
learn with delight, direetly or indirectly from the charming pages of Sir John
Herschel’s book, about the sun and his spots, and the fiery tornadoes sweeping
over his surface, and about the planets, and Jupiter’s belts, and Saturn’s rings,
and the fixed stars with their proper motions, and the double stars, and
coloured stars, and the nebulee discovered by the great telescope? Of Sir
John Herschel it may indeed be said, nil fetigit quod non ornavit,

A monument to Faraday and a monument to Herschel, Britain must have.
The nation will not be satisfied with any thing, however splendid, done by

private subseription. A national monument, the more humble in point of
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expense the better, is required to satisfy that honourable pride with which
a high-spirited nation cherishes the memory of its great men. But for

the glory of Faraday or the glory of Herschel, is a monument wanted ?
No!

What needs my Shakespere for his honoured bones
The labour of an age in piled stones ?
Or that his hallowed reliques should be hid
Under a star-ypointing pyramid ?
Dear son of memory, great heir of fame,
What need’st thou such weak witness of thy name!
Thou, in our wonder and astonishment,
Hast built thyself a live-long monument.
# i i #*

And, so sepiilchred, in such pomp dost lie,
That kings for such a tomb would wish to die.

With regard to Sir John Herschel’s scientific work, on the present occa-
sion I can but refer briefly to a few points which seem to me salient in his
physical and mathematical writings, First, I remark that he has put
forward, most instructively and profitably to his readers, the general theory
of periodicity in dynamies, and has urged the practical utikizing of it, espe-
cially in meteorology, by the harmonic analysis. It is purely by an appli-
cation of this principle and practical method, that the British Association’s
Committee on Tides has for the last four years been, and still is, working
towards the solution of thegrand problem proposed forty-eight years ago by
Thomas Young in the following words ;—

“ There is, indeed, little doubt that if we were provided with a sufficiently
“ correctseries of minutely accurate observations on the Tides, made not merely
“ with a view to the times of low and high water only, but rather to the heights
“ at the intermediate times, we might form, by degrees, with the assistance
“ of the theory contained in this article * only, almost as perfect a set of tables
“ for the motions of the ocean as we have already obtained for those of the
“ celestial bodies, which are the more immediate objects of the attention of
“ the practical astronomer.”

Sir John Herschel’s discovery of a right or left-handed asymmetry in the
outward form of crystals, such as quartz, which in their inner molecular
structure possess the heligoidal rotational property in reference to the plane
of polarization of light, is one of the notable points of meeting between
Natural History and Natural Philosophy. His obgervations on * epipolic di-
spersion ”’ gave Stokes the clue by which he was led to his great discovery of
the change of periodic time experienced by light in falling on certain substances
and being dispersively reflected from them. In respect to pure mathematics

* Young's; written in 1823 for the Supplement to the * Eneyclopredia Britannica,”
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Sir John Herschel did more, I believe, than any other man to introduee into
Britain the powerful methods and the valnable notation of modern analysis.
A remarkable mode of symbolism had freshly appeared, I believe, in the
works of Laplace, and possibly of other French mathematicians ; it certainly
appeared in Fourier, but whether before or after Herschel's work I cannot
say. With the French writers, however, this was rather a short method of
writing formmle than the analytical engine which it became in the hands
of Herschel and British followers, especially Sylvester and Gregory (com-
petitors with Green in the Cambridge Mathematical Tripos struggle of 1837)
and Boole and Cayley. This method was greatly advanced by Gregory, who
first gave to its working-power a secure and philosophical foundation, and so
prepared the way for the marvellous extension it has received from Boole,
Sylvester, and Cayley, according to which symbols of operation become the
subjects not merely of algebraic combination, but of differentiations and in-
tegrations, as if they were symbols expressing values of varying quantities.
An even more marvellous development of this same idea of the separation of
symbols (according to which Gregory separated the algebraic signs + and —
from other symbols or quantities to be characterized by them, and dealt with
them according to the laws of algcbraic combination) received from Hamilton
a most astonishing generalization, by the invention actually of new laws of
combination, and led him to his famous ¢ Quaternions,” of which he gave
his earliest exposition to the Mathematical and Physical Section of this As-
sociation, at its meeting in Cambridge in the year 1845. Tait has taken up
the subject of quaternions ably and zealounsly, and has carried it into phy-
sical seience with a faith, shared by some of the most thoughtful mathematical
naturalists of the day, that it is destined to become an engine of perhaps
hitherto unimagined power for investigating and expressing results in
Natural Philosophy. Of Herschel's gigantic work in astronomical observa-
tion I need say nothing, Doubtless a careful account of it will be given
in the ¢Proceedings of the Royal Bociety of London’ for the next anniver-
sary meefing.

In the past year another representative man of Dritish science is gone,
Mathematies has had mno steadier supporter for half a century than De
Morgan. His great book on the differential caleulus was, for the mathema-
tical student of thirty years ago, a highly prized repository of all the best
things that could be brought together under that title. I do not believe
it is less valuable now ; and if it is less valued, may this not be because it
is too good for examination purposes, and because the modern student,
labouring to win marks in the struggle for existence, must not suffer himself
to be beguiled from the stern path of duty by any attractive beauties in the
subject of his study ?

One of the most valuable services to science which the British Association
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has performed has been the establishment, and the twenty-nine years’
maintenance, of its Obscrvatory. The Royal Meteorological Observatory of
Kew was built originally for a Sovereign of Lngland who was a zealous
amateur of astronomy. George the Third used continually to repair to it
when any celestial phenomenon of peculiar interest was to be seen; and a
manuscript book still exists filled with observations written into it by his
own hand. After the building had been many years unused, it was
granted, in the year 1842, by the Commissioners of Her Majesty's Woods
and Forests, on application of Sir Edward Sabine, for the purpose of con-
tinuing observations (from which he had already deduced important results)
regarding the vibration of a pendulum in various gases, and for the purpose
of promoting pendulum observations in all parts of the world. The
(Government granted only the building—no funds for carrying on the work
to be done in it. The Royal Society was unable to undertake the main-
tenance of such an observatory; but, happily for science, the zeal of in-
dividual Fellows of the Royal Society and Members of the British Asso-
ciation gave the initial impulse, supplied the necessary initial funds, and
recommended their new institution successfully to the fostering care of the
British Association. The work of the Kew Observatory has, from the
commencement, been conducted under the direction of a Committee of the
British Association ; and annual grants from the funds of the Association have
been made towards defraying its expenses up to the present time. To the
initial object of pendulum research was added continuous observation of the
phenomena of mc&wralﬂéy and terrestrial magnetism, and the construction
and verification of thermometers, barometers, and magnetometers designed
for accurate measurement. The magnificent services which it has rendered
to seience are so well known that any statement of them which I could at-
tempt on the present occasion would be superfluous. Their value is due ina
great measure to the indefatigable zeal and the great ability of two Scotchmen,
both from Edinburgh, who successively held the office of Superintendent of
the Observatory of the British Association—Mr. Welsh for nine years, until
his death in 1859, and Dr. Balfour Stewart from then until the present
time. Fruits of their labours are to be found all through our volumes of
Reports for these twenty-one years.

The institution now enters on a new stage of its existence. The noble
liberality of a private benefactor, one who has laboured for its welfare with
self-sacrificing devotion unintermittingly from within a few years of its crea-
tion, has given it a permanent independence, under the general management
of a Committee of the Royal Society. Mr. Gassiot’s gift of £10,000 secures
the continuance at Kew of the regular operation of the self-recording instru-
ments for observing the phenomena of terrestrial magnetism and meteorology,
without the necessity for further support from the British Association,
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The suceess of the Kew Magnetic and Meteorological Observatory affords
an example of the great gain to be earned for science by the founda-
tion of physical observatories and laboratories for experimental research,
to be conducted by qualified persons, whose duties should be, not teach-
ing, but experimenting. Whether we look to the honour of England, as a
nation which ought always to be the foremost in promoting physical science,
or to those vast economical advantages which must acerue from such estab-
lishments, we cannot but feel that experimental research ought to be made
with us an object of national concern, and not left, as hitherto, exclusively
to the private enterprise of self-sacrificing amateurs, and the necessarily
inconsecutive action of our present Governmental Departments and of casual
Committees. The Council of the Royal Society of Edinburgh has moved for
this object in a memorial presented by them to the Royal Commission on
Scientific Education and the Advancement of Science. The Continent of
Europe is referred to for an example to be followed with advantage in this
country, in the following words :—

¢ On the Continent there exist certain institutions, fitted with instruments,
“ apparatus, chemicals, and other appliances, which are meant to be, and
 which are made, available to men of science, to enable them, at a moderate
“ gost, to pursue original researches.”

This statement is fully corroborated by information, on good authority,
which T have received from Germany, to the effect that in Prussia < every
“ university, every polytechnical academy, every industrial school (Realschule
“ and Gewerbeschule), most of the grammar-schools, in a word, nearly all the
“ schools superior in rank to the elementary schools of the common people, are
¢ supplied with chemical laboratories and a collection of philosophical in-
“ struments and apparatus, access to which is most liberally granted by the
“ directors of those schools, or the teachers of the respective disciplines, to
¢ any person qualified, for scientific experiments. In consequence, though
¢ there exist no particular institutions like those mentioned in the me-
¢ morial, there will scarcely be found a town exceeding in number 5000
¢ inhabitants but offers the possibility of scientific caplorations at no other
“ cost than reimbursement of the expense for the materials wasted in the
¢ experiments.”

Further, with reference to a remark in the Memorial to the effect that, in
respect to the promotion of science, the British Government confines its
action almost exclusively to scientific instruction, and fatally neglects the
advancement of science, my informant tells me that, in Germany, “ professors,
¢ preceptors, and 'teachers of secondary schools are engaged on account of
¢ their skilfulness in teaching ; but professors of universities are never engaged
“unless they have already proved, by their own investigations, that they are
“ to be relicd upon for the advancement of science, Therefore every shilling
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“spent for instruction in universities is at the same fime profitable to the ad-
“vancement of science,”

The physical laboratories which have grown up in the Universities of
Glasgow and Edinburgh, and in Owens College, Manchester, show the want
felt of Colleges of Research; but they go but infinitesimally towards sup-
plying it, being absolutely destitute of means, material or personal, for ad-
vaneing science except at the expense of volunteers, or securing that volunteers
shall be found to continue even such little work as at present is carried on.

The whole of Andrews’ splendid work in Queen’s College, Belfast, has
been done under great difficulties and disadvantages, and at great personal
sacrifices ; and up to the present time there is mot a student’s physical
laboratory in any one of the Queen’s Colleges in Ireland—a want which
surely ought not to remain unsupplied. Each of these institutions (the
four Seotech Universities, the three Queen’s Colleges, and Owens College,
Manchester) requires two professors of Natural Philesophy—one who shall
be responsible for the teaching, the other for the advancement of science by
experiment. The University of Oxford has already established a physical
laboratory. The munificence of its Chancellor 1s about to supply the Univer-
sity of Cambridge with a splendid laboratory, to be constructed under the
eye of Professor Clerk Maxwell., On this subject I shall say no more at
present, but simply read a sentence which was spoken by Lord Milton in the
first Presidential Address to the British Association, when it met at York in
the year 1831 :—¢ In addition to other more direct benefits, these meetings
¢ [of the British Association], I hope, will be the means of impressing on the
“ Government the conviction, that the love of scientific pursuits, and the
“ means of pursuing them, are not confined to the metropolis ; and I hope
¢ that when the Government is fully impressed with the knowledge of the
« great desire entertained to promote science in every part of the empire, they
¢ will see the necessity of affording it due encouragement, and of giving every
¢ proper stimulus to its advancement.”

Besides abstracts of papers read, and discussions held, before the Sec-
tions, the amnual Reports of the British Association contain a large mass
of valuable matter of another class. It was an early practice of the Associa-
tion, a practice that might well be further developed, to call occasionally for
a special report on some particular branch of science from a man eminently
qualified for the task. The reports received in compliance with these invita-
tions have all done good service in their time, and they remain permanently
useful as landmarks in the history of science. Some of them have led to
vast practical results; others of a more abstract character are valuable to
this day as powerful and instructive condensations and expositions of the
branches of science to which they relate. I cannot better illustrate the two
kinds of efficiency realized in this department of the Association’s work than



8

by referring to Cayley’s Report on Abstract Dynamies # and Sabine’s chnrt
on Terrestrial Magnetism + (1838).

To the great value of the former, personal experience of benefit received
enables me, and gratitude impels me, to testify. In a few pages full of
precious matter, the generalized dynamical equations of ILagrange, the
great principle evolved from Maupertuis’ ¢ least action” by Hamilton, and
the later developments and applications of the Hamiltonian principle by
other authors are described by Cayley so suggestively that the reading of
thousands of quarto pages of papers scattered through the Transactions of the
various learned Societies of Europe is rendered superfluous for any one who
desires only the essence of these investigations, with no more of detail than is
necessary for a thorough and practical understanding of the subject.

Sabine’s Report of 1838 concludes with the following sentence :—¢ Viewed
“in itself and its various relations, the magnetism of the earth cannot
** be counted less than one of the most important branches of the physical
“ history of the planet we inhabit; and we may feel quite assured that the
“ completion of our knowledge of its distribution on the surface of the earth
“ would be regarded by our contemporaries and by posterity as a fitting
“ enterprise of a maritime people, and a worthy achievement of a nation
“ which has ever sought to rank foremost in every arduous and honourable
“ undertaking.” An immediate result of this Report was that the enterprise
which it proposed was recommended to the Government by a joint Committee
of the British Association and the Royal Society with such success, that
Capt. James Ross was sent in command of the ¢ Erebus?’ and ¢Terror’ to
make a magnetic survey of the Antarctic regions, and to plant on his way
three Magnetical and Meteorological Observatories, at St. Helena, the Cape,
and Van Diemen’s Land. A vast mass of precious observations, made
chiefly on board ship, were brought home from this expedition. To deduce
the desired results from them, it was necessary to eliminate the disturbance
produced by the ship's magnetism; and Sabine asked his friend Archibald
Smith to work out from Poisson’s mathematical theory, then the only avail-
able. guide, the formule required for the purpose. This voluntary task
Smith executed skilfully and successfully. 1t was the beginning of a series
of labours carried on with most remarkable practical tact, with thorough
analytical skill, and with a rare extreme of disinterestedness, in the intervals
of an arduous profession, for the purpose of perfecting and simplifying the
correction of the mariner's compass—a problem which had become one of

* Report on the Recent Progress of Theoretical Dynamics, by A. Cayley (Report of the
British Association 1857, p. 1).

t Report on the Variations of the Magnetic Intensity observed at different points of the
Earth’s Surface, by Major Sabine, F.R.8. (forming part of the Tth Report of the British
Association).
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vital importance for navigation, on account of the introduction of iron ships.
Edition after edition of the ¢ Admiralty Compass Manual’ has been pro-
duced by the able superintendent of the Compass Department, Captain
Evans, containing chapters of mathematical investigation and formulme by
Smith, on which depend wholly the practical analysis of compass-obser-
vations, and rules for the safe use of the compass in navigation. I firmly
believe that it is to the thoroughly scientific method thus adopted by the
Admiralty, that no iron ship of Her Majesty’s Navy has ever been lost
through errors of the compass. The ¢ British Admiralty Compass Manual’®
is adopted as a guide by all the navies of the world. It has been translated
into Russian, German, and Portuguese ; and it is at present being translated
into French. The British Association may be gratified to know that the
possibility of navigating ironclad war-ships with safety depends on applica-
tion of scientific principles given to the world by three mathematicians,
Poisson, Airy, and Archibald Smith.

Returning to the science of terrestrial magnetism, we find in the Reports
of early years of the British Association ample evidence of its diligent culti-
vation. Many of the chief scientific men of the day from England, Scotland,
and Ireland found a strong attraction to the Assoeiation in the facilities which
it afforded to them for cooperating in their work on this subject. Lloyd,Phillips,
Fox, 1loss, and Sabine made magnetic observations all over Great Britain;
and their results, collected by Sabine, gave for the first time an accurate and
complote survey of terrestrial magnetism over the area of this island. I am
informed by Professor Phillips that, in the beginning of the Association, Her-
schel, though a ¢ sincere well-wisher,” felt doubts as to the general utility and
probable success of the plan and purpose proposed ; but his zeal for terrestrial
magnetism brought him from being merely a sincere well-wisher to join actively
and eordially in the work of the Association. * In 1838 he began to give effec-
¢ tual aid in the great question of magnetical Observatories, and was indeed
“ foremost among the supporters of that which is really Sabine's great work,
¢ At intervals, until about 1858, Herschel continued to give effectual aid.”
Sabine has carried on his great work without intermission to the present
day ; thirty years ago he gave to Gauss a large part of the data required
for working out the spherieal harmonic analysis of terrestrial magnetism over
the whole earth. A recaleulation of the harmonie analysis for the altered
state of terrestrial magnetism of the present time has been undertaken by
Adams., e writes to me that he has “ already begun some of the introduc-
“ tory work, so as to be ready when Sir Iidward Sabine's Tables of the values
“ of the Magnetic Elements deduced from observation are completed, at once
“ tp make use of them,” and that he intends to take into account terms of
at least ome order beyond those included by Gauss. The form in which
the requisite data are to be presented to him is a magnetic Chart of the
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whole surface of the globe, Materials from scientifie travellers of all
nations, from our home magnetic observatories, from the magnetic obser-
vatories of St. Helena, the Cape, Van Diemen’s Land, and Toronto, and
from the scientific observatories of other countries have been brought to-
gether by Sabine. Silently, day after day, night after night, for a quarter
of a century he has toiled with one constant assistant always by his side
to reduce these observations and prepare for the great work. At this moment,
while we are here assembled, I believe that, in their quiet summer retirement
in Wales, Sir Edward and Lady Sabine are at work on the magnetic Chart
of the world. If two years of life and health are granted to them, science
will be provided with a key which must powerfully conduce to the ultimate
opening up of one of the most refractory enigmas of eosmical physics, the
cause of terrestrial magnetism.

To give any sketch, however slight, of scientifie investigation performed
during the past year would, even if I were competent for the task, far ex-
ceed the limits within which I am confined on the present occasion. A
detailed account of work done and knowledge gained in science Britain
ought to have every year. The Journal of the Chemical Society and the
Zoological Record do excellent service by giving abstracts of all papers
published in their departments. The admirable example afforded by the
German “ Fortschritte” and ¢ Jahreshericht” is before us; but hitherto, so far
as T know, no attempt has been made to follow it in Britain. It is true that
several of the annual volumes of the Jahresbericht were translated; but a
translation, published necessarily at a considerable interval of time after the
original, eannot supply the want. An independent British publication is for
many obvious reasons desirable. The two publications, in German and
English, would, both by their differences and by their agreements, illustrate
the progress of seience more correctly and usefully than any single work
could do, even if appearing simultancously in the two languages. It seems
to me that to promote the establishment of a British Year Book of Science is
an object to which the powerful action of the Dritish Association would be
thoroughly appropriate. '

In referring to recent advances in several branches of science, I simply
choose some of those which have struck me as most notable.

Aceurate and minute measurement seems to the non-scientific imagination
a less lofty and dignified work than looking for something new. Buf nearly
all the grandest discoveries of science have been but the rewards of aceurate
measurement and patient long-continued labour in the minute sifting of
numerical results. The popular idea of Newton’s grandest discovery is that
the theory of gravitation flashed into his mind, and so the discovery was
made. It was by a long train of mathematical calculation, founded on
results accumulated through prodigious teil of practical astronomers, that
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Newton first demonstrated the forces urging the planets towards the Sun,
determined the magnitudes of those forces, and diseovered that a force fol-
lowing the same law of variation with distance urges the Moon towards the
Earth. Then first, we may suppose, came to him the idea of the universality of
gravitation ; butwhen he attempted to compare the magnitude of the force onthe
Moon with the magnitude of the foree of gravitation of a heavy body of equal
mass at the earth’s surface, he did not find the agreement which the law he
was discovering required. Not for years after would he publish his discovery
es made. Itisrecounted that, being present at a meeting of the Royal Society,
he heard a paper read, describing geodesic measurement by Picard which
led to a serious correction of the previously aceepted estimate of the Earth's
radius. This was what Newton required. He went home with the result,
and commenced his caleulations, but felt so much agitated that he handed
over the arithmetical work to a friend: then (and not when, sitting in a
garden, he saw an apple fall) did he ascertain that gravitation keeps the Moon
in her orbit,

Faraday’s discovery of specifie inductive capacity, which inaugurated the
new philosophy, tending to discard action at a distance, was the result of
minute and accurate measurement of eleetric forces.

Joule’s discovery of thermo-dynamic law through the regions of electro-
chemistry, electro-magnetism, and elasticity of gases was based on a delicacy
of thermometry which seemed simply impossible to some of the most dis-
tinguished chemists of the day.

Andrews’ discovery of the continuity between the gaseous and liquid states
was worked out by many years of laborious and minute measurement of phe-
nomena searcely sensible to the naked eye.

Great service has been done to science by the British Association in pro-
moting accurate measurement in various subjects. The origin of exact
science in terrestrial magnetism is traceable to Gauss’s invention of methods
of finding the magnetic intensity in absolute measure. I have spoken of
the great work dome by the British Association in earrying out the ap-
plication of this invention in all parts of the world. Gauss’ colleague in
the German Magnetic Union, Weber, extended the practice of absolute
measurement to electric currents, the resistance of an electric conductor,
and the electromotive force of a galvanic element. He showed the rela-
tion between electrostatic and electromagnetic units for absolute mea-
surement, and made the beautiful discovery that resistance, in absolute elec-
tromagnetic measure, and the reciprocal of resistance, or, as we eall it, ¢ con-
ducting power,” in electrostatic measure, are each of them a velocity. He
made an elaborate and difficult series of experiments to measure the velocity
which is equal to the conducting power, in electrostatic measure, and at the
same time to the resistance in electromagnetic measure, in one and the same
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conductor,  Maxwell, in making the first advance along a road of which
Faraday was the pioneer, discovered that this velocity is physically related to
the velocity of light, and that, on a certain hypothesis regarding the elastic
medium concerned, it may be exaetly equal to the velocity of light. Weber's
measurement verifies approximately this equality, and stands in science
monumentwmn @re perennius, celebrated as having suggested this most grand
theory, and as having afforded the first quantitative test of the recondite
properties of matter on which the relations between electricity and light
depend. A remeasurement of Weber's eritical velocity on a new plan by Max-
well himself, and the important correction of the velocity of light by Fou-
cault’s laboratory experiments, verified by astronomical observation, seem to
show a still closer agreement. The most accurate possible determination of
Weber's critical velocity is just mow a primary object of the Association’s
Committee on Electric Measurement ; and it is at present premature to specu-
late as to the closeness of the agreement between that velocity and the
velocity of light. This leads me to remark how much science, even in iis
most lofty speculations, gains in return for benefits conferred by its applica-
tion to promote the social and material welfare of man. Those who perilled
and lost their money in the original Atlantic Telegraph were impelled and
supported by a sense of the grandeur of their enterprise, and of the world-
wide benefits which must flow from its success; they were at the same time
not unmoved by the beauty of the scientific problem directly presented to
them; but they little thought that it was to be immediately, through their
work, that the scientific world was to be instructed in a long-neglected and
discredited fundamental electric discovery of Faraday's, or that, again, when
the assistance of the British Association was invoked to supply their elec-
tricians with methods for absolute measurement (which they found necessary
to secure the best economical return for their expenditure, and to obviate
and detect those faults in their electric material which had led to disaster),
they were laying the foundation for accurate clectric measurement in every
scientific laboratory in the world, and initiating a train of investigation which
now sends up branches into the loftiest regions and subtlest ether of natural
philosophy. Long may the British Association continue a bond of union,
and a medium for the interchange of good officos between secience and the
world !

The greatest achievement yet made in molecular theory of the proper-
ties of matfer is the Kinetic theory of Gases, shadowed forth by Lucretius,
definitely stated by Daniel Bernoulli, largely developed by Herapath, made
a reality by Joule, and worked out to its present advanced state by Clausius
and Maxwell. Joule, from his dynamical equivalent of heat, and his expe-
riments upon the heat produced by the condensation of gas, was able to
estimate the average velocity of the ultimate molecules or atoms composing
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it. His estimate for hydrogen was 6225 feet per second at temperature 60°
Fahr., and 6055 feet per second at the freezing-point. Clausinsg took fuily
into account the impacts of molecules on one another, and the kinetie energy
of relative motions of the matter constituting an individual atom. He in-
vestigated the relation between their diameters, the number in a given
space, and the mean length of path from impact to impact, and so gave the
foundation for estimates of the absolute dimensions of atoms, to which I shall
refer later. He explained the slowness of gaseous diffusion by the mutual
impacts of the atoms, and laid a secure foundation for a complete theory of
the diffusion of fluids, previously a most refractory enigma. The deeply
penetrating genius of Maxwell brought in viscosity and thermal conductivity,
and thus completed the dynamical explanation of all the known properties
of gases, except their electrie resistance and brittleness to electric force,

No such comprehensive molecular theory had ever been even imagined
before the nineteenth century. Definite and complete in its arca as it
is, it is but a well-drawn part of a great chart, in which all physiecal
seience will be represented with every property of matter shown in dyna-
mieal relation to the whole. The prospect we now have of an early
completion of this chart is based on the assumption of atoms. But there
ean be no permanent satisfaction to the mind in explaining heat, light, elas-
tiaity, diffusion, electricity and magnetism, in gases, liquids, and solids, and
deseribing precisely the relations of these different states of matter to one
another by statistics of great numbers of atoms, when the properties of the
atom itself are simply assumed. When the theory, of which we have the first
instalment in Clausius and Maxwell’s work, is complete, we are but bronght
face to face with a superlatively grand question, what is the inner me-
c¢hanism of the atom ?

In the answer to this question we must find the explanation not only
of the atomic elasticity, by which the atom is a chronometric vibrator ac-
cording to Stokes's discovery, but of chemical affinity and of the differences
of quality of different chemical elements, at present a mere mystery in
science. Helmholtz’s exquisite theory of vortex-motion in an incompressible
frictionless liquid has been suggested as a finger-post, pointing a way
which may possibly lead to a full understanding of the properties of atoms,
carrying out the grand conception of Lucrctius, who * admits no subtle
“ ethers, no variety of elements with fiery, or watery, or light, or heavy
¢ principles ; mor supposes light to be one thing, fire another, electricity a
% fluid, magnetism a vital principle, but treats all phenomena as mere pro-
“ perties or accidents of simple matter.”” This statement I take from
an admirable paper on the atomic theory of Lucretius, which appeared in
the ¢ North British Review’ for March 1868, containing a most interesting
and instructive summary of ancient and modern doctrine regarding atoms,
Allow me to read from that article one other short passage finely describing
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the present aspect of atomie theory :—¢ The existence of the chemical
““atom, already quite a complex little world, seews very probable; and
““ the deseription of the Lucretian atom is wonderfully applicable to it. We
“are not wholly without hope that the real weight of each such atom may
“some day be known—not merely the relative weight of the several atoms,
“but the number in a given volume of any material ; that the form and
“motion of the parts of each atom and the distances by which they are
“ separated may be calculated ; that the motions by which they produce heat,
“ electricity, and light may be illustrated by exact geometrical diagrams ; and
“ that the fundamental properties of the intermediate and possibly constituent
““medium may be arrived at. Then the motion of planets and musie of the
“ spheres will be neglected for a while in admiration of the maze in which
“ the tiny atoms run.”

Even before this was written some of the anticipated results had been par-
tially attained, TLoschmidt in Vienna had shown, and not much latter Stoney
independently in England showed, how to deduce from Clausius and Max-
well's kinetic theory of gases a superior limit to the number of atoms in a
given measurable space. I was unfortunately quite unaware of what Loschmidt
and Stoney had done when I made a similar estimate on the same founda-
tion, and communicated it to ¢ Nature’ in an article on ©The Size of
Atoms.” But questions of personal priority, however interesting they may he
to the persons concerned, sink into insignificance in the prospect of any gain
of deeper insight into the secrets of nature. The triple coincidence of inde-
pendent reasoning in this case is valuable as confirmation of a conclusion
violently contravening ideas and opinions which had been almost universally
held regarding the dimensions of the molecular structure of matter. Che-
mists and other naturalists had been in the habit of evading questions &s to
the hardness or indivisibility of atoms by virtually assuming them to be in-
finitely small and infinitely numerous. We must now no longer look upon
the atom, with Boscovich, as a mystic point endowed with inertia and the
attribute of attracting or repelling other such centres with forces depending
upon the intervening distances (a supposition only tolerated with the tacit
assumption that the inertia and attraction of each atom is infinitely small and
the number of atoms infinitely great), nor can we agree with those who have
attributed to the atom occupation of space with infinite hardness and strength
(incredible in any finite body); but we must realize it as a pieee of matter
of measurable dimensions, with shape, motion, and laws of action, intelligible
subjeets of scientific investigation,

The prismatic analysis of light discovered by Newton was estimated by
himself as being ¢ the oddest, if not the most considerable, detection which
¢ hath hitherto been made in the operations of nature.”

Had he not been deflected from the subject, he could not have failed
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to obtain a pure spectrum; but this, with the inevitably consequent
discovery of the dark lines, was reserved for the nineteenth century.
Our fundamental knowledge of the dark lines is due solely to Fraun-
hofer. Wollaston saw them, but did not discover them. Brewster laboured
long and well to perfect the prismatic analysis of sunlight ; and his observa-
tions on the dark bands produced by the absorption of interposed gases and
vapours laid important foundations for the grand superstructure which he
scarcely lived to see. Piazzi Smyth, by spectroscopic observation performed
on the Peak of Teneriffe, added greatly to our knowledge of the dark lines
produced in the solar spectrum by the absorption of our own atmosphere.
The prism became an instrument for chemical qualitative analysis in the
hands of Fox Talbot and Herschel, who first showed how, through it, the
old *blowpipe test’ or generally the estimation of substances from the
colours which they give to flames, can be prosecuted with an accuracy
and a diseriminating power not to be attained when the colour is judged
by the unaided eye. But the application of this test to solar and stellar
chemistry had never, I believe, been suggested, either directly or indirectly,
by any other naturalist, when Stokes taught it to me in Cambridge at some
time prior to the summer of 1852, The observational and experimental
foundations on which he built were :—

(1) The discovery by Fraunhofer of a coincidence between his donble dark
line D of the solar spectrum and a double bright line which he observed in
the spectra of ordinary artificial flames,

(2) A very rigorous experimental test of this coincidence by Prof. W, H,
Miller, which showed it to be accurate to an astonmishing degree of minuteness,

(3) The fact that the yellow light given out when salt is thrown on burning
spirit consists almost solely of the two nearly identical qualities which con-
stitute that double bright line.

(4) Observations made by Stokes himself, which showed the bright line D
to be absent in a candle-flame when the wick was snuffed clean, so as not to
project into the luminous envelope, and from an aleohol flame when the spirit
was burned in a watch-glass. And

(5) Foucault’s admirable discovery (L'Imstitut, Feb. 7, 1849) that the
voltaic are between charcoal points is “a medium which emits the rays D
““on its own account, and at the same time absorbs them when they come
“ from another quarter.”

The conclusions, theoretical and practical, which Stokes taught me, and
which I gave regularly afterwards in my publie lectures in the University of
Glasgow, were :—

(1) That the double line D, whether bright or dark, is due to vapour of
sodium,

(2) That the ultimate atom of sodium is susceptible of regular clastic vi-
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brations, like those of a tuning-fork or of stringed musical instruments ; that
like an instrument with two strings tuned to approximate unison, or an ap-
proximately cireular elastic disk, it has two fundamental notes or vibrations
of approximately equal pitch ; and that the periods of these vibrations are
precisely the periods of the two slightly different yellow lights constituting
the double bright line D,

(3) That when vapour of sodium is at a high enough temperature to be-
come itself a source of light, each atom executes these two fundamental
vibrations simultaneously ; and that therefore the light proceeding from it is
of the two qualities constituting the double bright line D,

(4) That when vapour of sodium is present in space across which light
from another source is propagated, its atoms, according to a well-known
general principle of dynamics, are set to vibrate in either or both of those
fundamental modes, if some of the incident light is of one or other of their
periods, or some of one and some of the other; so that the energy of the
waves of those particular qualities of light is converted into thermal vibra-
tions of the medium and dispersed in all directions, while light of all other
qualities, even though very nearly agreeing with them, is transmitted with
comparatively no loss.

() That Fraunhofer’s double dark line D of solar and stellar spectra is due
to the presence of vapour of sodium in atmospheres surrounding the sun
and those stars in whose speetra it had been observed.

(6) That other vapours than sodium are to he found in the atmospheres
of sun and stars by searching for substances producing in the spectra of
artificial flames bright lines coineiding with other dark lines of the solar
and stellar spectra than the Fraunhofer line D,

The last of these propositions I felt to be confirmed (it was perhaps
partly suggested) by a striking and beautiful experiment admirably adapted
for lecture illustrations, due to Foueault, which had been shown to me by
M. Duboscque Soleil, and the Abbé Moigno, in Paris in the month of
October 1850. A prism and lenses were arranged to throw upon a screen
an approximately pure spectrum of a vertical electric are between chareoal
poles of a powerful battery, the lower one of which was hollowed like a cup.,
When pieces of copper and pieces of zine were separately thrown into the
cup, the spectrum exhibited, in perfectly definite positions, magnificent well-
marked bands of different colours characteristic of the two metals. When
a piece of brass, compounded of copper and zine, was put into the cup,
the spectram showed all the bands, each precisely in the place in which
it had been seen when one metal or the other had been used separately.,

It is much to be regretted that this great generalization was not pub-
lished to the world twenty years ago. I say this, not because it is to be
regretted that Angstrom should have the eredit of having in 1853 pub-
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lished independently the statement that “an incandescent gas emits lumi-
“mous rays of the same refrangibility as those which it can absorb ™ ; or that
Balfour Stewart should have been unassisted by it when, coming to the
subject from a very different point of view, he made, in his extension of the
“Theory of Exchanges™#, the still wider generalization that the radiating
power of every kind of substance is equal to its absorbing power for every
kind of ray; or that Kirchhoff also should have in 1859 independently dis-
covered the same proposition, and shown its application to solar and stellar
chemistry ; but because we might now be in possession of the inconceivable
riches of astronomiecal results which we expeet from the next ten years’
investigation by spectrum analysis, had Stokes given his theory to the
world when it first oceurred to him.

To Kirchhoff belongs, I believe, solely the great credit of having first
actually sought for and found other metals than sodium in the sun by the
method of spectrum analysis. His publication of Oectober 1859 inaugurated
the practice of solar and stellar chemistry, and glve spectrum analysis an
impulse to which in a great measure is due its splendidly successful cultivation
by the labours of many able investigators within the last ten years.

To prodigious and wearing toil of Kirchhoff himself, and of Engstrﬁm, we
owe large-scale maps of the solar spectrum, incomparably superior in minute-
ness and accuracy of delineation to any thing ever attempted previously, These
maps now constitute the standards of reference for all workers in the field,
Pliicker and Hittorf opened ground in advancing the physies of spectrum
analysis and made the important discovery of changes in the spectra of
ignited gases produced by changes in the physical condition of the gas. The
geientific value of the meetings of the British Association is well illustrated
by the fact that it was through conversation with Pliicker at the Newcastle
meeting that Lockyer was first led into the investigation of the effects of varied
pressure on the guality of the light emitted by glowing gas which he and
Frankland have proseeuted with such admirable success. Scientific wealth
tends to accumulation according to the law of compound interest. Every addi-
tion to knowledge of properties of matter supplies the naturalist with new
instrumental means for discovering and interpreting phenomena of nature,
which in their turn afford foundations for fresh generalizations, bringing
gains of permanent value into the great storchouse of philosophy, Thus
Frankland, led, from obzerving the want of brightness of a candle burning in
a tent’ on the summit of Mont Blane, to scrutinize Davy's theory of flame,
discovered that brightness without incandescent solid particles is given to a
purely gaseous flame by augmented pressure, and that a dense ignited gas
gives a spectrum comparable with that of the light from an incandescent solid
or liquid. Lockyer joined him ; and the two found that every incandescent

* Edin. Transactions, 1858-59,
1871, I
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substance gives a continuous spectrum—that an incandesecent gas under
varied pressure gives bright bars across the continuous spectrum, some of
which, from the sharp, hard and fast lines observed where the gas is in a
state of extreme atfenuation, broaden out on each side into nebulous bands
as the density is increased, and are ultimately lost in the continuous spee-
trum when the condensation is pushed on till the gas becomes a fluid no
longer to be called gaseous. More recently they have examined the influence
of temperature, and have obtained results which seem to show that a highly
attenuated gas, which at a high temperature gives several bright lines, gives
a smaller and smaller number of lines, of sufficient hrightuess’ to be visible,
when the temperature is lowered, the density being kept unchanged. T cannot
refrain here from remarking how admirably this beautiful investigation har-
monizes with Andrews’ great discovery of continuity between the gaseous
and liquid states. Such things make the life-blood of science. In contem-
plating them we feel as if led out from narrow waters of scholastic dogma to
a refreshing excursion on the broad and deep ocean of truth, where we learn
from the wonders we see that there are endlessly more and more glorious
wonders still unseen,

Stokes’ dynamical theory supplies the key to the philosophy of Frank-
land and Lockyer’s discovery. Any atom of gas when struck and left to
itself vibrates with perfect purity its fundamental note or notes. In a
highly attenuated gas each atom is very rarely in collision with other
atoms, and therefore is nearly at all times in a state of true vibration.
Hence the spectrum of a highly attenuated gas consists of one or more
perfectly sharp bright lines, with a scarcely perceptible continuous gradation
of prismatic colour. In denser gas each atom is frequently in collision, but
still is for much more time free, in intervals between collisions, than engaged
in collision ; so that not only is the atom itself thrown sensibly out of tune
during a sensible proportion of its whole time, but the confused jangle of
vibrations in every variety of period during the actual collision becomes more
considerable in its influence. Hence bright lines in the spectrum broaden
out somewhat, and the continuous spectrum becomes less faint. In still
denser gas each atom may be almost as much time in collision as free, and
the spectrum then consists of broad nebulous bands crossing a continuous
spectrum of considerable brightness. When the medium is so dense that
each atom is always in collision, that is to say never free from influence of
its neighbours, the spectrum will generally be continuous, and may present
little or no appearance of bands, or even of maxima of brightness. In this
condition the fluid. can be no longer regarded as a gas, and we must judge
of its relation to the vaporous or liquid states according to the eritical
conditions discovered by Andrews,

While these great investigations of properties of matter were going on,
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naturalists were not idle with the newly recognized power of the spectro-
scope at their service. Chemists soon followed the example of Bunsen
in discovering new metals in terrestrial matter by the old blow-pipe and
prism test of Fox Talbot and Herschel, Biologists applied spectrum analysis
to animal and vegetable chemistry, and to sanitary investigations. DBut
it is in astronomy that spectroscopic research has been carried on with
the greatest activity, and been most richly rewarded with results. The
chemist and the astronomer have joined their forces. An astronomical ob-
servatory has now, appended to it, a stock of reagents such as hitherto was
only to be found in the chemical laboratory. A devoted corps of volunteers
of all nations, whose motto might well be ubigue, have directed their artil-
lery to every region of the universe. The sun, the spots on his surface,
the corona and the red and yellow prominences seen round him during total
eclipses, the moon, the planets, comets, auroras, nebule, white stars, yellow
stars, red stars, variable and temporary stars, each tested by the prism was
compelled to show its distinguishing prismatic colours. Rarely before in
the history of science has enthusiastic perseverance directed by penetra-
tive genius produced within ten years so brilliant a succession of dis-
coveries. It is not merely the chemistry of sun and stars, as first sug-
gested, that is subjected to analysis by the spectroscope. Their whole laws
of being are now subjects of direct investigation; and already we have
glimpses of their evolutional history through the stupendous power of this
most subtle and delicate test. We had only solar and stellar chemistry ;
we now have solar and stellar physiology.

It is an old idea that the colour of a star may be influenced by its motion
relatively to the eye of the spectator, so as to be tinged with red if it moves
from the earth, or blue if it moves towards the earth. William Allen Miller,
Huggins, and Maxwell showed how, by aid of the spectroscope, thisidea may
be made the foundation of a method of measuring the relative velocity with
which a star approaches to or recedes from the earth. The principle is, first to
identify, if possible, one or more of the lines in the spectrum of the star, with a
line or lines in the spectrum of sodium, or some other terrestrial substance,
and then (by observing the star and the artificial light simultaneously by
the same spectroscope) to find the difference, if any, between their refran-
gibilities, From this difference of refrangibility the ratio of the periods of
the two lights is calculated, according to data determined by Fraunhofer from
comparisons between the positions of the dark lines in the prismatic spectrum
and in his own * interference spectrum ” (produced by substituting for the
prism a fine grating). A first comparatively rough application of the test by
Miller and Huggins to a large number of the principal stars of our skies,
including Aldebaran, a Orionis, 3 Pegasi, Sirius, a Lyrae, Capella, Arcturus,
Pollux, Castor (which they had observed rather for the chemical purpose than
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for this), proved that not one of them had so great a velocity as 315 kilometres
per second to or from the earth, which is a most momentous result in respect
to eosmical dynamics, Afterwards Huggins made special observations of
the velocity test, and succeeded in making the measurement in one case,
that of Sirius, which he then found to be receding from the earth at the rate
of 66 kilometres per second. This, corrected for the velocity of the earth at
the time of the observation, gave a velocity of Sirius, relatively to the Sun,
amounting to 47 kilometres per second. The minuteness of the difference to
be measured, and the smallness of the amount of light, even when the brightest
star is observed, renders the observation extremely difficult. Still, with
such great skill as Mr. Huggins has brought to bear on the investigation,
it can scarcely be doubted that velocities of many other stars may be
measured. What is now wanted is, certainly not greater skill, perhaps not
even more powerful instruments, but more instruments and more observers.
Lockyer’s applications of the velocity test to the relative motions of different
gases in the Sun’s photosphere, spots, chromosphere, and ¢hromospheric pro-
minences, and his observations of the varying spectra presented by the same
substance as it moves from one position to another in the Sun’s atmosphere,
and his interpretations of these observations, according te the laboratory
results of Frankland and himself, go far towards confirming the conviction
that in a few years all the marvels of the Sun will be dynumically explained
according to known properties of matter.

During six or eight precious minutes of time, speetroscopes have been ap-
plied to the solar atmosphere and to the corona seen round the dark disk of
the Moon eclipsing the Sun. Some of the wonderful results of such obser-
vations, made in India on the occasion of the eclipse of August 1868, were
deseribed by Professor Stokes in a previous address. Valuable results have,
through the liberal assistance given by the British and American Govern-
ments, been obtained also from the total eclipse of last December, notwith-
standing a generally unfavourable condition of weather. It seems to have
been proved that at least some sensible part of the light of the “corona” is a
terrestrial atmospheric halo or dispersive reflection of the light of the glow-
ing hydrogen and * helium”# round the sun. I believe I may say, on the
present occasion when preparation must again be made to utilize a total
eclipse of the Sun, that the British Association confidently trusts to our
Government exercising the same wise liberality as heretofore in the interests
of science,

The old nebular hypothesis supposes the solar system and other similar
systems through the universe which we see at a distance as stars, to have

* Frankland and Lockyer find the yellow prominences to give a very decided bright line
not far from D, but hitherto not identified with any terrestrial flame. Tt seems to indicate
a new substance, which they propose to call Helium.,
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originated in the condensation of fiery nebulous matter. This hypothesis
was invented before the discovery of thermo-dynamics, or the nebulae would
not have been supposed to be fiery; and the idea scems mever to have
oceurred to any of its inventors or early supporters that the matter, the con-
densation of which they supposed to constitute the Sun and stars, eould have
been other than fiery in the beginning. Mayer first suggested that the heat
of the Sun may be due to gravitation: but he supposed meteors falling in
to keep always generating the heat which is radiated year by year from the
Sun. Helmholtz, on the other hand, adopting the nebular hypothesis, showed
in 1854 that it was not necessary to suppose the nebulous matter to have
been originally fiery, but that mutual gravitation between its parts may
have generated the heat to which the present high temperature of the Sun is
due. Further he made the important observations that the potential energy
of gravitation in the Sun is even now far from exhausted ; but that with
further and further shrinking more and more heat is to be generated, and
that thus we can conceive the Sun even now to possess a sufficient store of
energy to produce heat and light, almost as at present, for several million
vears of time future. It ought, however, to be added that this condensation
ean only follow from cooling, and therefore that Helmholtz’s gravitational
explanation of future Sun-heat amounts really to showing that the Sun’s
thermal capacity is enormously greater, in virtue of the mutual gravitation
between the parts of so enormous a mass, than the sum of the thermal capa-
cities of separate and smaller bodies of the same material and same total
mass. Reasons for adopting this theory, and the consequences which follow
from it, are discussed in an article ¢ On the Age of the Sun's Heat,” published
in ¢ Macmillan’s Magazine * for March 1862,

For a few years Mayer’s theory of solar heat had seemed to me probable ;
but I had been led to regard it as no longer tenable, because I had been in
the first place driven, by consideration of the very approximate constancy of
the Earth’s period of revolution round the Sun for the last 2000 years, to
conclude that *The prineipal source, perhaps the sole appreciably effective
“ source of Sun-heat, is in bodies circulating round the Sun at present inside
“ the Earth's orbit”#* ; and because Le Verrier’'s researches on the motion of
the planet Mercury, though giving evidence of a sensible influence attributable
to matter cireulating as a great number of small planets within his orbit
round the Sun, showed that the amount of matter that could possibly be as-
sumed to circulate at any considerable distance from the Sun must be very
emall ; and therefore “if the meteoric influx taking place at present is
“ enough to produce any appreciable portion of the heat radiated away, it
“ must be supposed to be from matter circulating round the Sun, within very

* “On the mechanical energies of the Solar System.” Transactions of the Royal Society
of Edinburgh, 1854 ; and Phil. Mag. 1854, second half year.
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“short distances of his surface. The density of this meteoric cloud would
“have to be supposed so great that comets could scarcely have escaped as
“ comets actually have escaped, showing no diseoverable effects of resistance,
“ after passing his surface within a distance equal to one-eighth of his radius.
“ All things considered, there seems little probability in the hypothesis that
“ solar radiation is compensated to any appreciable degree, by heat generated
“ by meteors falling in, at present; and, as it can be shown that no chemical
¢ theory is tenable®, it must be concluded as most probable that the Sun is
¢ at present mere an incandescent liquid mass cooling ™ +.

Thus on purely astronomical grounds was I long ago led to abandon as
very improbable the hypothesis that the Sun’s heat is supplied dynamically
from year to year by the influx of meteors. But now spectrum analysis gives
proof finally conclusive against it.

Each meteor circulating round the Sun must fall in along a very gradual
spiral path, and before reaching the Sun must have been for a long time
exposed to an enormous heating effect from his radiation when very near,
and must thus have been driven into vapour before actually falling into the
Sun. Thus, if Mayer's hypothesis is correct, friction between vortices of
meteoric vapours and the Sun’s atmosphere must be the immediate cause of
solar heat ; and the velocity with which these vapours circulate round equa-
torial parts of the Sun must amount to 435 kilometres per second. The
spectrum test of veloeity applied by Lockyer showed but a twentieth part of
this amount as the greatest observed relative velocity between different
vapours in the Sun’s atmosphere,

At the first Liverpool Meeting of the British Association (1854), In ad-
vancing a gravitational theory to account for all the heat, light, and motions
of the universe, I urged that the immediately antecedent condition of the
matter of which the Sun and Planets were formed, not being fiery, could not
have been gaseous; but that it probably was solid, and may have been like
the meteoric stones which we still so frequently meet with through space.
The discovery of Huggins, that the light of the Nebulew, so far as hitherto
gensible to us, proceeds from incandescent hydrogen and nitrogen gases, and
that the heads of comets also give us light of incandescent gas, seems at first
sight literally to fulfil that part of the Nebular hypothesis to which I had
objected. But a solution, which seems to me in the highest degree probable,
has been suggested by Tait. He supposes that it may be by ignited gaseous
exhalations proceeding from the colligion of meteoric stones that Nebule and
the heads of Comets show themselves to us, and he suggested, at a former
meeting of the Association, that experiments should be made for the purpose
of applying spectrum analysis to the light which has been observed in
gunnery trials, such as those at Shoeburyness, when iron strikes against iron

* ¢ Mechanical Energies” &e.
+ *“ Age of the Sun's Heat” (MacMillan’s Magazine, March 1862).
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at a great velocity, but varied by substituting for the iron various solid
materials, metallic or stony. Hitherto this suggestion has not been acted
upon ; but surely it is one the carrying out of which ought to be promoted
by the British Association.

Most important steps have been recently made towards the discovery of the
nature of comets; establishing with nothing short of certainty the truth of a
hypothesiswhich had long appeared to me probable,—that they consist of groups
of meteoric stones ;—accounting satisfactorily for the light of the nucleus;
and giving a simple and rational explanation of phenomena presented by the
tails of comets which had been regarded by the greatest astronomers as almost
preternaturally marvellous. The meteoric hypothesis to which I have referred
remained a mere hypothesis, (I do not know that it is was ever even pub-
lished,) until, in 1866, Schiaparelli calculated, from observations on the
Augnst meteors, an orbit for these bodies which he found to agree almost
perfectly with the orbit of the great comet of 1862 as ealculated by Oppolzer ;
and so discovered and demonstrated that a comet consists of a group of
meteoric stones. Professor Newton, of Yale College, United States, by examin-
ing ancient records, ascertained that in periods of about thirty-three years,
since the year 902, there have been exceptionally brilliant displays of the
November meteors. It had long been believed that these interesting visi-
tants came from a train of small detached planets circulating round the Sun
all in nearly the same orbit, and constituting a belt analogous to Saturn’s
ring, and that the reason for the comparatively large number of meteors
which we observe annually about the 14th of November is, that at that
time the earth’s orbit cuts through the supposed meteoric belt. Professor
Newton concluded from his investigation that there is a denser part of
the group of meteors which extends over a portion of the orbit so great
as to occupy about one-tenth or one-fifteenth of the periodic time in
passing any particular point, and gave a choice of five different periods for
the revolution of this meteoric stream round the sun, any one of which would
satisfy his statistical result. He further concluded that the line of nodes,
that is to say, the line in which the plane of the meteoric belt cuts the plane
of the Earth’s orbit, has a progressive sidereal motion of about 52”4 per
annum. Here, then, was a splendid problem for the physical astronomer ;
and, happily, one well qualified for the task, took it up. Adams, by the
application of a beautiful method invented by Gauss, found that of the five
periods allowed by Newton just one permitted the motion of the line of nodes
to be explained by the disturbing influence of Jupiter, Saturn, and other
planets. The period chosen on these grounds is 33} years. The inves-
tigation showed further that the form of the orbit is a long ellipse, giving
for shortest distance from the Sun 145 million kilometres, and for longest
distance 2805 million kilometres. Adams also worked out the longitude
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of the perihelion and the inclination of the orbit’s plane to the plane of the
ecliptic. The orbit which he thus found agreed so closely with that of
Tempel's Comet I. 1866 that he was able to identify the comet and the
meteorie belt®*. The same conclusion had been pointed out a few weeks
earlier by Schiaparelli, from calculations by himself on data supplied by
direct observations on the meteors, and independently by Peters from caleu-
lations by Leverrier on the same foundation. It is therefore thoroughly
established that Temple's Comet L. 1866 consists of an elliptic train of minute
planets, of which a few thousands or millions fall to the earth annually about
the 14th of November, when we cross their track. We have probably not
yet passed through the very nucleus or densest part; but thirteen times, in
Octobers and Novembers, from October 13, Ao.p, 902 to November 14, 18606
inclusive (this last time having been correctly predicted by Prof. Newton),
we have passed through a part of the belt greatly denser than the average.
The densest part of the train, when near enough to us, is visible as the head
of the comet. This astounding result, faken along with Huggins's spectro-
scopic observations on the light of the heads and tails of comets, confirm
most strikingly Tait’s theory of comets, to which I have already referred;
according to which the comet, a group of meteoric stones, is self-luminous
in its nuclens, on account of collisions among its econstituents, while its ¢ tail
is merely a portion of the less dense part of the train illuminated by sunlight,
and visible or invisible to us according to circumstances, not only of density,
degree of illumination, and nearness, but also of tactic arrangement, as of a
flock of birds or the edge of a cloud of tobacco smoke! What prodigious diffi-
culties are to be explained, you may judge from {wo or three sentences which

* Signor Schiaparelli, Director of the Observatory of Milan, who, in a letter dated 31st
December 1866, pointed out that the elements of the orbit of the Awugust Meteors, calen-
lated from the observed position of their radiant point on the supposition of the orbit
being a very elongated ellipse agreed very closely with those of the orbit of Comet IT 1862,
calculated by Dr. Oppolzer. In the same letter Schiaparelli gives elements of the orbit
of the November meteors, but these were not sufficiently accurate to enable him to identify
the orbit with that of any known comet. On the 21st January, 1867, M. Leverrier gave
more accurate elements of the orbit of the November Meteors, and in the Astronomische
Nachrichten of January 9, Mr. C. F. W. Peters, of Altona, pointed out that these elements
closely agreed with those of Tempel's Comet (I, 1866), calenlated by Dr. Oppolzer, and
on February 2, Schiaparelli having recalculated the elements of the orbit of the meteors
himself noticed the same agreement. Adams arrived quite independently at the conelusion
that the orbit of 33} years period, is the one which mus? be chosen, out of the five indi-
cated by Prof. Newton. His caleulations were sufliciently advanced before the letters
referred to'appeared, to show that the other four orbits offered by Newton were inadmissible,
But the ealeulations to be gone through to find the secular motion of the node in such an
elongated orbit as that of the meteors, were necessarily very long, so that they were not
completed till about March, 1867. They were communicated in that month to the
Cambridgze Philosophical Society, and in. the month following to the Astronomical

Booiety.

T .
R i ettt i i & o e e, N

e T

D

R Rl d




25

I shall read from Herschel's Astronomy, and from the fact that even Schiaparelli
scems still to believe in the repulsion. * There is, beyond question, some
“ profound secret and mystery of nature concerned in the phenomenon of
“ their tails, Perhaps it is not too much to hope that future obgzervation,
“ borrowing cvery aid from rational speculation, grounded on the progress of
“ physical science generally (espeecially those branches of it which relate to
“ the etherial or imponderable elements), may enable us cre long to penetrate
“this mystery, and to declare whether it is really matter in the ordinary
“ acceptation of the term which is projected from their heads with such
¢ extraordinary velocity, and if not impelled, at least directed, in its course,
“ by reference to the Sun, as its point of avoidance " #,

“In no respect is the question as to the materiality of the tail more for-
“ ¢ibly pressed on us for consideration than in that of the enormous sweep
“which it makes round the sun in perihelio in the manner of a straight and
“rigid rod, in defiance of the law of gravitation, nay, even, of the received laws
“ of motion ¥,

“ The projection of this ray . . . to so enormous a length, in a single day
“ conveys an impression of the intensity of the forces acting to produce such
“ a velocity of material transfer through space, such as no other natural phe-
“ nomenon is capable of exciting. Tt is clear that if we have to deal heve with
“matter, such as we conceive it, viz., possessing inertia—at all, it must be under
“ the dominion of forces incomparably more energetic than gravitation, and
“ quite of a different nature " +.

Think now of the admirable simplicity with which Tait’s beautiful ¢ sea-
bird analogy,” as it has been called, can explain all these phenomena.

The cssence of science, as is well illustrated by astronomy and
cosmical physics, consists in inferring antecedent, conditions, and an-
ticipating future evolutions, from phenomena which have actually come
under observation. In biology the difficulties of successfully acting up
to this ideal are prodigious. The earnest naturalists of the present day
are, however, not appalled or paralysed by them, and are struggling boldly
and laboriously to pass out of the mere “ Natural History stage” of
their study, and bring zcology within the range of Natural Philosophy.
A very ancient speculation, still clung to by many naturalists (so much so
that I have a choice of modern terms to quote in expressing it) supposes that,
under meteorological conditions very different from the present, dead matter
may have run together or crystallized or fermented into ¢ germs of life,”
or *“ organic cells,” or * protoplasm,” But science brings a vast mass of in-
ductive evidence against this hypothesis of spontaneous generation, as yon
have heard from my predecessor in the Presidential chair. Careful enough

* Herschel's Astronomy, § 3K,
t Herseliel's Astronony, 10th Edition, § heq,
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serutiny has, in every case up to the present day, discovered life as antecedent
to life. Dead matter cannot become living without coming under the influ-
ence of matter previously alive. This seems to me assure a teaching of science
as the law of gravitation. I utterly repudiate, as opposed to all philosophical
uniformitarianism, the assumption of « different meteorological conditions ”—
that is to say, somewhat different vicissitudes of temperature, pressure,
moisture, gascous atmosphere—to produce or to permit that to take place by
foree or motion of dead matter alone, which is a direct contravention of what
seems to us biological law. I am prepared for the answer, our code of
“* biological law is an expression of our ignorance as well as of our know-
“ledge.”  And Isay yes: search for spontaneous generation out of inorganic
materials ; let any one not satisfied with the purely negative testimony of
which we have now so much against it, throw himself into the inquiry. Such
investigations as those of Pasteur, Pouchet, and Bastian are among the most
interesting and momentous in the whole range of Natural History, and their
results, whether positive or negative, must richly reward the most eareful
and laborious experimenting. I confess to being deeply impressed by the
evidence put before us by Professor Huxley, and I am ready to adopt, as an
article of scientific faith, true through all space and through all time, that
life proceeds from life, and from nothing but life,

How, then, did life originate on the Earth? Tracing the physical history
of the Earth backwards, on strict dynamical prineiples, we are brought to a
red-hot melted globe on which no life could exist. Henece when the Earth’
was first fit for life, there was no living thing onit. There were rocks solid and
disintegrated, water, air all round, warmed and illuminated by a brilliant Sun,
ready to become a garden. Did grass and trees and flowers spring into exist-
ence, in all the fulness of ripe beauty, by a fiat of Creative Power? or did vege-
tation, growing up from seed sown, spread and multiply over the whole Earth ?
Seience is bound, by the everlasting law of honour, to face fearlessly every pro-'
blem which can fairly be presented to it. If a probable solution, consistent
with the ordinary course of nature, can be found, we must not invoke an abnog-
mal act of Creative Power. When a lava stream flows down the sides of Vesu-
vius or Etna it quickly cools and becomes solid; and after a few weeks or
years it teems with vegetable and animal life, which for it originated by the
transport of seed and ova and by the migration of individual living creatures.
When a voleanic island springs up from the sea, and after a few years is
found clothed with vegetation, we do not hesitate to assume that seed has-
been wafted to it through the air, or floated to it on rafts. Ts it not possible,
and if possible, is.it not probable, that the beginning of vegetable life on the
Earth is to be similarly explained? Every year thousands, probably mil--
Lions, of fragments of solid matter fall upon the Earth—whence came these
fragments 7 What is the previous history of any one of them ? Was it ereated
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in the beginning of time an amorphous mass ? This idea is so unacceptable
that, tacitly or explicitly, all men discard it. It is often assumed that all,
and it is certain that some, meteoric stones are fragments which had been
broken off from greater masses and launched free into space. It is as sure
that collisions must occur between great masses moving through space as it
is that ships, steered without intelligence directed to prevent collision, could
not eross and recross the Atlantic for thousands of years with immunity from
collisions. When two great masses come into collision in space it is certain
that a large part of each is meltéd ; but it seems also quite certain that in
many cases a large quantity of débris must be shot forth in all directions,
much of which may have experienced no greater violence than individual
pieces of rock experience in a land-slip or in blasting by gunpowder. Should
the time when this Earth comes into collision with another body, comparable
in dimensions to itself, be when it is still clothed as at present with vege-
tation, many great and small fragments carrying seed and living plants and
animals would undoubtedly be scattered through space. Hence and because
we all confidently believe that there are at present, and have been from time
immemorial, many worlds of life besides our own, we must regard it as pro-
bable in the highest degree that there are countless seed-bearing meteorie
stones moving about through space. If at the present instant no life existed
upon this Earth, one such stone falling upon it might, by what we blindly
call natural causes, lead to its becoming covered with vegetation. 1 am fully
conscious of the many scientific objections which may be urged against this
hypothesis, but I believe them to be all answerable. I have already taxed
your patience too severely to allow me to think of discussing any of them on
the present occasion. The hypothesis that life originated on this Earth
through moss-grown fragments from the ruins of another world may seem
wild and visionary ; all I maintain is that it is not unscientific.

From the Earth stocked with such vegetation as it could receive meteorically,
to the Earth teeming with all the endless variety of plants and animals which
now inhabit it, the step is prodigious ; yet, according to the doctrine of conti-
nuity, most ably laid before the Association by a predecessor in this Chair
(Mr. Grove), all creatures now living on earth have proceeded by orderly
evolution from some such origin., Darwin concludes his great work on ¢ The
Origin of Species’ with the following words :—* It is interesting to contem-
“ plate an entangled bank clothed with many plants of many kinds, with
“ birds singing on the bushes, with various insects flitting about, and with
““ worms crawling through the damp earth, and to reflect that these elabo-
¢ rately constructed forms, so different from each other, and dependent on
¢ each other in so complex a manner, have all been produced by laws acting
“around us.” , ., . ., “There is grandeur in this view of life with its
“ several powers, having been originally breathed by the Creator into a few
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& forms or into onc ; and that, whilst this planet has gone eycling on accord-
“ing to the fixed law of gravity, from so simple a beginuing endless forms,

¢ most beautiful and most wonderful, have been and are being evolved.”
With the feeling expressed in these two sentences I most cordially sympathise.

I have omitted two sentences which come between them, deseribing briefly

the hypothesis of ¢ the origin of species by natural selection,” because I

have always felt that this hypothesis does not contain the true theory of
evolution, if evolution there has been, in biology. 8ir John Herschel, in

expressing a favourable judgment on the hypothesis of zoological evolution,

with, however, some reservation in respect to the origin of man, objected to

the doetrine of natural selection, that it was too like the Laputan method of

making books, and that it did not sufficiently take into account a continually
guiding and controlling intelligence. This seems to me a most valuable and

instructive criticism. I feel profoundly convinced that the argument of
design has been greatly too much lost sight of in recent zoological specula-

tions. Reaction against the frivolities of teleology, such as are to be found,

not rarely, in the notes of the learned Commentators on Paley’s ¢ Natural

Theology, has I believe had a temporary effect in turning attention from the

solid and irrefragable argument so well put forward in that excellent old book.

But overpoweringly strong proofs of intelligent and benevolent design lie

all round us, and if ever perplexities, whether metaphysical or scientific, turn

us away from them for a time, they come back upon us with irresistible

force, showing to us through nature the influence of a free will, and teaching

us that all living beings depend on one ever-acting Creator and Ruler.
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