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Preface |
Method and Results

[v] The fourth of the "Collected Essays" in the volume now published gives an account of the
indispensable conditions of scientific assent, as they are defined by the author of the famous "Discours

delaMethode."

The other eight set forth the results which, in my judgment, are attained by the application of the
"Method" of Descartes to the investigation of problems of widely various kinds; in the right solution of
which we are all deeply interested, Hence | have given the volume the title of "Method and Results."



Written, for the most part, in the scant leisure of pressing occupations, or in the intervals of ill-health,
these essays are free neither from superfluities in the way of repetition, nor from deficiencies which, |

doubt not, will be even more conspicuous to other eyes than they are to my own. But so far as their

substance goes, | find nothing to alter in them,—though the oldest bears the date of 1866. Whether that is
evidence of the soundness of my opinions, or of my having made no progress in wisdom for the last

guarter of a century, must be left to the courteous reader to decide.

Hodes ea, Eastbourne.
January 16th, 1893.
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Autobiography (1890)
Collected Essays |

[1] And when | consider, in one view, the many things ......which | have upon my hands, | feel the burlesque of
being employed in this manner at my time of life. But, in another view, and taking in all circumstances, these
things, as trifling as they may appear, no less than things of greater importance, seem to be put upon meto

do. ..... —Bishop Butler to the Duchess of Somer set.

The "many things" to which the Duchess's correspondent here refers are the repairs and improvements of
the episcopal seat at Auckland. | doubt if the great apologist, greater in nothing than in the simple
dignity of his character, would have considered the writing an account of himself as athing which could
be put upon him to do whatever circumstances might be taken in. But the good bishop lived in an age
when a man might write books and yet be permitted to keep his private existence to himself; in the pre-
Boswellian epoch, when the germ of the photographer lay in the womb of the distant future, and [2] the
interviewer who pervades our age was an unforeseen, indeed unimaginable, birth of time.



At present, the most convinced believer in the aphorism "Bene qui latuit, bene vixit," is not always able
to act up to it. An importunate person informs him that his portrait is about to be published and will be
accompanied by a biography which the importunate person proposes to write. The sufferer knows what
that means; either he undertakes to revise the "biography" or he does not. In the former case, he makes
himself responsible; in the latter, he alows the publication of a mass of more or less fulsome
inaccuracies for which he will be held responsible by those who are familiar with the prevalent art of
self-advertisement. On the whole, it may be better to get over the "burlesque of being employed in this
manner" and do the thing himself.

It was by reflections of this kind that, some years ago, | was led to write and permit the publication of
the subjoined sketch.

| was born about eight o'clock in the morning on the 4th of May, 1825, at Ealing, which was, at that
time, as quiet alittle country village as could be found within half a dozen miles of Hyde Park Corner.
Now it isasuburb of London with, | believe, 30,000 inhabitants. My father was one of the mastersin a
large semi-public school which at [3] one time had a high reputation. | am not aware that any portents
preceded my arrival in thisworld; but, in my childhood, | remember hearing a traditional account of the
manner in which | lost the chance of an endowment of great practical value. The windows of my
mother's room were open, in consequence of the unusual warmth of the weather. For the same reason,
probably, a neighbouring bee-hive had swarmed, and the new colony, pitching on the window-sill, was
making its way into the room when the horrified nurse shut down the sash. If that well-meaning woman
had only abstained from her ill-timed interference, the swarm might have settled on my lips, and |
should have been endowed with that mellifluous eloquence which, in this country, leads far more surely
than worth, capacity, or honest work, to the highest placesin Church and State. But the opportunity was
lost, and | have been obliged to content myself through life with saying what | mean in the plainest of
plain language; than which, | suppose, there is no habit more ruinous to a man's prospects of
advancement.

Why | was christened Thomas Henry | do not know; but it is a curious chance that my parents should
have fixed for my usual denomination upon the name of that particular Apostle with whom | have
aways felt most sympathy. Physically and mentally | am the son of my mother so completely—even
down to peculiar movements of the hands, [4] which made their appearance in me as | reached the age
she had when | noticed them-that | can hardly find any trace of my father in myself, except an inborn
faculty for drawing, which unfortunately, in my case, has never been cultivated; a hot temper; and that
amount of tenacity of purpose, which unfriendly observers sometimes call obstinacy.

My mother was a slender brunette, of an emotional and energetic temperament, and possessed of the
most piercing black eyes | ever saw in awoman's head. With no more education than other women of
the middle classes in her day, she had an excellent mental capacity. Her most distinguishing
characteristic, however, was rapidity of thought. If one ventured to suggest that she had not taken much
time to arrive at any conclusion, she would say, 'l cannot help it, things flash across me.' That peculiarity
has been passed on to mein full strength; it has often stood me in good stead; it has sometimes played
me sad tricks, and it has always been a danger. But after all, if my time were to come over again, thereis



nothing | would less willingly part with than my inheritance of mother wit.

| have next to nothing to say about my childhood. In later years, my mother, looking at me almost
reproachfully, would sometimes say, 'Ah! you were such a pretty boy!" whence | had no difficulty in
concluding that | had not [5] fulfilled my early promise in the matter of looks. In fact, | have a distinct
recollection of certain curls, of which | wasvain, and of a conviction that | closely resembled that
handsome courtly gentleman, Sir Herbert Oakley, who was vicar of our parish, and who was as a god to
us country folk, because he was occasionally visited by the then Prince George of Cambridge. |
remember turning my pinafore wrong side forwards, in order to represent a surplice, and preaching to
my mother's maids in the kitchen, as nearly as possible in Sir Herbert's manner, one Sunday morning
when the rest of the family were at church. That isthe earliest indication | can call to mind of the strong
clerical affinities which my friend Mr. Herbert Spencer has always ascribed to me, though | fancy they
have for the most part remained in alatent state.

My regular school training was of the briefest, perhaps fortunately, for though my way of life has made
me acquainted with all sorts and conditions of men, from the highest to the lowest, | deliberately affirm
that the society | fell into at school was the worst | have ever known. We boys were average lads, with
much the same inherent capacity for good and evil as any others; but the people who were set over us
cared about as much for our intellectual and moral welfare as if they were baby farmers. We were left to
the operation of the struggle for existence among ourselves, and [6] bullying was the least of theill
practices current among us. Almost the only cheerful reminiscence in connection with the place, which
arisesin my mind, isthat of abattle | had with one of my classmates, who had bullied me until | could
stand it no longer. | was avery dlight lad, but there was awild-cat element in me which, when roused,
made up for lack of weight, and | licked my adversary effectually. However, one of my first experiences
of the extremely rough-and-ready nature of Justice, as exhibited by the course of thingsin general, arose
out of the fact that I, the victor, had ablack eye, while he, the vanquished, had none; so that | got into
disgrace, and he did not. We made it up, and thereafter | was unmolested. One of the greatest shocks |
ever received in my life was to be told, a dozen years afterwards, by the groom who brought me my
horse, in a stable-yard in Sydney, that he was my quondam antagonist. He had along story of family
misfortune to account for his position; but at that time it was necessary to deal very cautiously with
mysterious strangers in New South Wales, and on inquiry | found that the unfortunate young man had
not only been 'sent out,' but had undergone more than one colonia conviction.

As| grew older, my great desire was to be amechanical engineer, but the Fates were against this; and,
while very young, | commenced the study of Medicine under amedical brother-in-law. But, [7] though
the Institute of Mechanical Engineers would certainly not own me, | am not sure that | have not, all
along, been a sort of mechanical engineer in partibus infidelium. | am now occasionally horrified to
think how very little | ever knew or cared about Medicine asthe art of healing. The only part of my
professional course which really and deeply interested me was Physiology, which is the mechanical
engineering of living machines; and, notwithstanding that natural science has been my proper business, |
am afraid there is very little of the genuine naturalist in me. | never collected anything, and species work
was always a burden to me; what | cared for was the architectural and engineering part of the business,
the working out the wonderful unity of plan in the thousands and thousands of diverseliving



constructions, and the modifications of similar apparatuses to serve diverse ends. The extraordinary
attraction | felt towards the study of the intricacies of living structure nearly proved fatal to me at the
outset. | was a mere boy— think between thirteen and fourteen years of age-when | was taken by some
older student friends of mine to the first post-mortem examination | ever attended. All my life | have
been most unfortunately sensitive to the disagreeabl es which attend anatomical pursuits; but on this
occasion, my curiosity overpowered all other feelings, and | spent two or three hoursin gratifying it. |
did [8] not cut myself, and none of the ordinary symptoms of dissection poison supervened, but
poisoned | was somehow, and | remember sinking into a strange state of apathy. By way of alast chance
| was sent to the care of some good, kind people, friends of my father's, who lived in afarmhouse in the
heart of Warwickshire. | remember staggering from my bed to the window on the bright spring morning
after my arrival, and throwing open the casement. Life seemed to come back on the wings of the breeze;
and, to this day, the faint odour of wood-smoke, like that which floated across the farmyard in the early
morning, is as good to me as the 'sweet south upon a bed of violets." | soon recovered; but for years |
suffered from occasional paroxysms of internal pain, and from that time my constant friend,
hypochondriacal dyspepsia, commenced his half century of co-tenancy of my fleshly tabernacle.

L ooking back on my 'Lehrjahre,' | am sorry to say that | do not think that any account of my doings as a
student would tend to edification. In fact, | should distinctly warn ingenuous youth to avoid imitating my
example. | worked extremely hard when it pleased me, and when it did not (which was avery frequent
case) | was extremely idle (unless making caricatures of one's pastors and mastersisto be called a
branch of industry), or else wasted my energiesin wrong directions. | read everything | could lay hands
upon, in[9]cluding novels, and took up all sorts of pursuits, to drop them again quite as speedily. No
doubt it was very largely my own fault, but the only instruction from which | ever obtained the proper
effect of education was that which | received from Mr. Wharton Jones, who was the L ecturer on
Physiology at the Charing Cross School of Medicine. The extent and precision of his knowledge
impressed me greatly, and the severe exactness of his method of lecturing was quite to my taste. | do not
know that | have ever felt so much respect for anybody before or since. | worked hard to obtain his
approbation, and he was extremely kind and helpful to the youngster who, | am afraid, took up more of
his time than he had any right to do. It was he who suggested the publication of my first scientific
paper—a very little one-in the Medical Gazette of 1845, and most kindly corrected the literary faults
which abounded init, short as it was; for at that time, and for many years afterwards, | detested the
trouble of writing, and would take no pains over It.

It was in the early spring of 1846 that, having finished my obligatory medical studies, and passed the
first M.B. examination at the London University (though | was still too young to qualify at the College
of Surgeons), | was talking to a fellow-student—the present eminent physician, Sir Joseph Fayrer—and
wondering what | should do to meet the imperative necessity for earning my own bread, [10] when my
friend suggested that | should write to Sir William Burnett, at that time Director-General for the Medical
Service of the Navy, for an appointment. | thought this rather a strong thing to do, as Sir William was
personally unknown to me, but my cheery friend would not listen to my scruples, so | went to my
lodgings and wrote the best letter | could devise. A few days afterwards | received the usual officia
circular of acknowledgment, but at the bottom there was written an instruction to call at Somerset House
on such aday. | thought that looked like business, so, at the appointed time, | called and sent in my card,



while | waited in Sir William's ante-room. He was a tall, shrewd-looking old gentleman, with a broad
Scotch accent—and | think | see him now as he entered with my card in his hand. The first thing he did
was to return it, with the frugal reminder that | should probably find it useful on some other occasion.
The second was to ask whether | was an Irishman. | suppose the air of modesty about my appeal must
have struck him. | satisfied the Director-General that | was English to the backbone, and he made some
inquiries as to my student career, finaly desiring me to hold myself ready for examination. Having
passed this, | wasin Her Majesty's Service, and entered on the books of Nelson's old ship Victory, for
duty at Haslar Hospital, about a couple of months after | made my application.

[11] My officia chief at Hasdlar was a remarkable person-the late Sir John Richardson, an excellent
naturalist, and far-famed as an indomitable Arctic traveller. He was a silent, reserved man outside the
circle of hisfamily and intimates; and, having afull share of youthful vanity, | was extremely disgusted
to find that 'Old John," as we irreverent youngsters called him, took not the slightest notice of my
worshipful self, either the first time | attended him, as it was my duty to do, or for some weeks
afterwards. | am afraid to think of the lengths to which my tongue might have run on the subject of the
churlishness of the chief, who was in truth one of the kindest-hearted and most considerate of men. But
one day, as | was crossing the Hospital square, Sir John stopped me, and heaped coals of fire on my head
by telling me that he had tried to get me one of the resident appointments, much coveted by the assistant-
surgeons, but that the Admiralty had put in another man. 'However,' said he, '| mean to keep you heretill
| can get you something you will like," and turned upon his heel without waiting for the thanks |
stammered out. That explained how it was | had not been packed off to the West Coast of Africa, like
some of my juniors, and why, eventually, | remained altogether seven months at Haslar.

After along interval, during which 'Old John' ignored my existence almost as completely [12] as before,
he stopped me again as we met in a casual way, and describing the service on which the Rattlesnake was
likely to be employed, said that Captain Owen Stanley, who was to command the ship, had asked him to
recommend an assi stant-surgeon who knew something of science; would | like that? Of course | jJumped
at the offer. 'Very well, | give you leave; go to London at once and see Captain Stanley.' | went, saw my
future commander, who was very civil to me and promised to ask that | should be appointed to his ship,
asinduetimel was. It isasingular thing that, during the few months of my stay at Haslar, | had among
my messmates two future Directors-General of the Medical Service of the Navy (Sir Alexander
Armstrong and Sir John Watt-Reid), with the present President of the College of Physicians and my
kindest of doctors, Sir Andrew Clark. Life on board Her Mg esty's ships in those days was avery
different affair from what it is now; and ours was exceptionally rough, as we were often many months
without receiving letters or seeing any civilised people but ourselves. In exchange, we had the interest of
being about the last voyagers, | suppose, to whom it could be possible to meet with people who knew
nothing of fire-arms—as we did on the South Coast of New Guinea—and of making acquaintance with a
variety of interesting savage and semi-civilised [13] people. But, apart from experience of thiskind, and
the opportunities offered for scientific work, to me, personally, the cruise was extremely valuable. It was
good for meto live under sharp discipline; to be down on the realities of existence by living on bare
necessaries; to find out how extremely well worth living life seemed to be, when one woke up from a
night's rest on a soft plank, with the sky for canopy and cocoa and weevilly biscuit the sole prospect for
breakfast; and more especialy to learn to work for the sake of what | got for myself out of it, even if it



all went to the bottom and | along with it. My brother officers were as good fellows as sailors ought to
be and generaly are; but, naturally, they neither knew nor cared anything about my pursuits, nor
understood why | should be so zealous in pursuit of the objects which my friends the Middies christened
‘Buffons,’ after the title conspicuous on avolume of the 'Suites a Buffon," which stood on my shelf in the
chart room.

During the four years of our absence, | sent home communication after communication to the 'Linnean
Society," with the same result as that obtained by Noah when he sent the raven out of hisark. Tired at
last of hearing nothing about them, | determined to do or die, and, in 1849, | drew up a more elaborate
paper and forwarded it to the Royal Society. Thiswas my dove, if | had only known it. But owing to the
movements of [14] the ship, | heard nothing of that either, until my return to England in the latter end of
the year 1850, when | found that it was printed and published, and that a huge packet of separate copies
awaited me. When | hear some of my young friends complain of want of sympathy and encouragement,
| am inclined to think that my naval life was not the least valuable part of my education.

Three years after my return were occupied by a battle between my scientific friends on the one hand, and
the Admiralty on the other, as to whether the latter ought, or ought not, to act up to the spirit of a pledge
they had given to encourage officers who had done scientific work, by contributing to the expense of
publishing mine. At last, the Admiralty, getting tired, | suppose, cut short the discussion by ordering me
to join aship. Which thing | declined to do, and as Rastignac, in the Pére Goriot, saysto Paris, | said to
London, ‘a nous deux.' | desired to obtain a Professorship of either Physiology or Comparative Anatomy;
and as vacancies occurred, | applied, but in vain. My friend Professor Tyndall, and | were candidates at
the same time, he for the Chair of Physicsand | for that of Natural History, in the University of Toronto,
which fortunately, asit turned out, would not ook at either of us. | say fortunately, not from any lack of
respect for Toronto, but because | soon made up my mind that London was the place for me, and hence |
have steadily declined [15] the inducements to leave it which have at various times been offered. At last,
in 1854, on the trandation of my warm friend, Edward Forbes, to Edinburgh, Sir Henry De |la Beche, the
Director General of the Geological Survey, offered me the post Forbes vacated of Paleontologist and
Lecturer on Natural History. | refused the former point blank, and accepted the latter provisionally,
telling Sir Henry that | did not care for fossils, and that | should give up Natural History as soon as |
could get aphysiological post. But | held the office for thirty-one years, and alarge part of my work has
been paleontological.

At that time | disliked public speaking, and had a firm conviction that | should break down every time |
opened my mouth. | believe | had every fault a speaker could have (except talking at random or
indulging in rhetoric) when | spoke to the first important audience | ever addressed, on a Friday evening,
at the Royal Institution, in 1852. Yet | must confess to having been guilty, malgré moi, of as much
public speaking as most of my contemporaries, and for the last ten yearsit ceased to be so much of a
bugbear to me. | used to pity myself for having to go through this training; but I am now more disposed
to compassionate the unfortunate audiences, especially my ever friendly hearers at the Royal Institution,
who were the subjects of my oratorical experiments.

The last thing that it would be proper for me [16] to do would be to speak of the work of my life, or to



say at the end of the day, whether | think | have earned my wages or not. Men are said to be partia
judges of themselves—young men may be, | doubt if old men are. Life seems terribly foreshortened as
they look back; and the mountain they set themselves to climb in youth turns out to be a mere spur of
immeasurably higher ranges, when, with failing breath, they reach the top. But if | may speak of the
objects | have had more or less definitely in view since | began the ascent of my hillock, they are briefly
these: to promote the increase of natural knowledge and to forward the application of scientific methods
of investigation to all the problems of life to the best of my ability, in the conviction—which has grown
with my growth and strengthened with my strength—that there is no alleviation for the sufferings of
mankind except veracity of thought and of action, and the resolute facing of the world asit is, when the
garment of make-believe, by which pious hands have hidden its uglier features, is stripped off.

It iswith thisintent that | have subordinated any reasonable or unreasonable ambition for scientific
fame, which | may have permitted myself to entertain, to other ends; to the popularisation of science; to
the development and organisation of scientific education; to the endless series of battles and skirmishes
over evolution; and to untiring opposition to that ecclesiastical spirit, that [17] clericalism, whichin
England, as everywhere else, and to whatever denomination it may belong, is the deadly enemy of
science.

In striving for the attainment of these objects, | have been but one among many, and | shall be well
content to be remembered, or even not remembered, as such. Circumstances, among which | am proud
to reckon the devoted kindness of many friends, have led to my occupation of various prominent
positions, among which the Presidency of the Royal Society isthe highest. It would be mock modesty on
my part, with these and other scientific honours which have been bestowed upon me, to pretend that |
have not succeeded in the career which | have followed, rather because | was driven into it, than of my
own free will; but | am afraid | should not count even these things as marks of success, if | could not
hope that | had somewhat hel ped that movement of opinion which has been called the New Reformation.
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On the Advisableness of Improving Natural Knowledge (1866)
Collected Essays |

[18] Thistime two hundred years ago—in the beginning of January, 1666-those of our forefathers who
inhabited this great and ancient city, took breath between the shocks of two fearful calamities: one not
quite past, although its fury had abated; the other to come.

Within afew yards of the very spot on which we are assembled, so the tradition runs, that painful and
deadly malady, the plague, appeared in the latter months of 1664; and, though no new visitor, smote the
people of England, and especially of her capital, with aviolence unknown before, in the course of the
following year. The hand of a master has pictured what happened in those dismal months; and in that
truest of fictions, "The History of the Plague Y ear," Defoe shows [19] death, with every accompaniment
of pain and terror, stalking through the narrow streets of old London, and changing their busy hum into a
silence broken only by the wailing of the mourners of fifty thousand dead; by the woful denunciations
and mad prayers of fanatics; and by the madder yells of despairing profligates.

But, about this time in 1666, the death-rate had sunk to nearly its ordinary amount; a case of plague
occurred only here and there, and the richer citizens who had flown from the pest had returned to their
dwellings. The remnant of the people began to toil at the accustomed round of duty, or of pleasure; and
the stream of city life bid fair to flow back along its old bed, with renewed and uninterrupted vigour.

The newly-kindled hope was deceitful. The great plague, indeed, returned no more; but what it had done
for the Londoners, the great fire, which broke out in the autumn of 1666, did for London; and, in
September of that year, a heap of ashes and the indestructible energy of the people were al that
remained of the glory of five-sixths of the city within the walls.

Our forefathers had their own ways of accounting for each of these calamities. They submitted to the
plague in humility and in penitence, for they believed it to be the judgment of God. But, towards the fire
they were furiously indignant, [20] interpreting it as the effect of the malice of man,—as the work of the
Republicans, or of the Papists, according as their prepossessions ran in favour of loyalty or of Puritanism.

It would, | fancy, have fared but ill with one who, standing where I now stand, in what was then a
thickly-peopled and fashionable part of London, should have broached to our ancestors the doctrine
which | now propound to you-that all their hypotheses were alike wrong; that the plague was no more,
in their sense, Divine judgment, than the fire was the work of any political, or of any religious, sect; but
that they were themselves the authors of both plague and fire, and that they must look to themselves to
prevent the recurrence of calamities, to all appearance so peculiarly beyond the reach of human
control—so evidently the result of the wrath of God, or of the craft and subtlety of an enemy.

And one may picture to one's self how harmoniously the holy cursing of the Puritan of that day would



have chimed in with the unholy cursing and the crackling wit of the Rochesters and Sedleys, and with
the revilings of the political fanatics, if my imaginary plain dealer had gone on to say that, if the return
of such misfortunes were ever rendered impossible, it would not be in virtue of the victory of the faith of
Laud, or of that of Milton; and, as little, by the triumph of republicanism, as by that of monarchy. But
that [21] the one thing needful for compassing this end was that the people of England should second the
efforts of an insignificant corporation, the establishment of which, afew years before the epoch of the
great plague and the great fire, had been aslittle noticed, as they were conspicuous.

Some twenty years before the outbreak of the plague afew calm and thoughtful students banded
themsel ves together for the purpose, as they phrased it, of "improving natural knowledge." The ends
they proposed to attain cannot be stated more clearly than in the words of one of the founders of the
organisation:—

"Our business was (precluding matters of theology and state affairs) to discourse and consider of
philosophical enquiries, and such as related thereunto:—as Physick, Anatomy, Geometry, Astronomy,
Navigation, Staticks, Magneticks, Chymicks, Mechanicks and Natural Experiments; with the state of
these studies and their cultivation at home and abroad. We then discoursed of the circulation of the
blood, the valves in the veins, the venae | actesg the lymphatic vessels, the Copernican hypothesis, the
nature of comets and new stars, the satellites of Jupiter, the oval shape (as it then appeared) of Saturn,
the spots on the sun and its turning on its own axis, the inequalities and selenography of the moon, the
several phases of Venus and Mercury, the im[22]provement of telescopes and grinding of glasses for
that purpose, the weight of air, the possibility or impossibility of vacuities and nature's abhorrence
thereof, the Torricellian experiment in quicksilver, the descent of heavy bodies and the degree of
acceleration therein, with divers other things of like nature, some of which were then but new
discoveries, and others not so generally known and embraced as now they are; with other things
appertaining to what hath been called the New Philosophy, which from the times of Galileo at Florence,
and Sir Francis Bacon (Lord Verulam) in England, hath been much cultivated in Italy, France, Germany,
and other parts abroad, as well aswith usin England.”

The learned Dr. Wallis, writing in 1696, narrates in these words, what happened half a century before, or
about 1645. The associates met at Oxford, in the rooms of Dr. Wilkins, who was destined to become a
bishop; and subsequently coming together in London, they attracted the notice of the king. Anditisa
strange evidence of the taste for knowledge which the most obviously worthless of the Stuarts shared
with hisfather and grandfather, that Charles the Second was not content with saying witty things about
his philosophers, but did wise things with regard to them. For he not only bestowed upon them such
attention as he could spare from his poodles and his mistresses, but, [23] being in his usual state of
Impecuniosity, begged for them of the Duke of Ormond; and, that step being without effect, gave them
Chelsea College, a charter, and a mace: crowning his favoursin the best way they could be crowned, by
burdening them no further with royal patronage or state interference

Thusit was that the half-dozen young men, studious of the "New Philosophy," who met in one another's
lodgingsin Oxford or in London, in the middle of the seventeenth century, grew in numerical and in real
strength, until, in its latter part, the "Royal Society for the Improvement of Natural Knowledge" had



aready become famous, and had acquired a claim upon the veneration of Englishmen, which it has ever
since retained, as the principal focus of scientific activity in our islands, and the chief champion of the
cause it was formed to support.

It was by the aid of the Royal Society that Newton published his"Principia.” If al the booksin the
world, except the "Philosophical Transactions,” were destroyed, it is safe to say that the foundations of
physical science would remain unshaken, and that the vast intellectual progress of the last two centuries
would be largely, though incompletely, recorded. Nor have any signs of halting or of decrepitude
manifested themselves in our own times. Asin Dr. Walliss days, so in these, "our businessis,
precluding theology and [24] state affairs, to discourse and consider of philosophical enquiries.” But our
"Mathematick" is one which Newton would have to go to school to learn; our " Staticks, Mechanicks,
Magneticks, Chymicks, and Natural Experiments" constitute a mass of physical and chemical
knowledge, a glimpse at which would compensate Galileo for the doings of a score of inquisitorial
cardinals; our "Physick" and "Anatomy" have embraced such infinite varieties of being, have laid open
such new worlds in time and space, have grappled, not unsuccessfully, with such complex problems, that
the eyes of Vesalius and of Harvey might be dazzled by the sight of the tree that has grown out of their
grain of mustard seed.

Thefact is perhaps rather too much, than too little, forced upon one's notice, nowadays, that all this
marvellous intellectual growth has ano less wonderful expression in practical life; and that, in this
respect, if in no other, the movement symbolised by the progress of the Royal Society stands without a
parallel in the history of mankind.

A series of volumes as bulky as the "Transactions of the Royal Society" might possibly be filled with the
subtle speculations of the Schoolmen; not improbably, the obtaining a mastery over the products of
mediaaval thought might necessitate an even greater expenditure of time and of energy than the
acquirement of the "New Philosophy;" [25] but though such work engrossed the best intellects of Europe
for alonger time than has elapsed since the great fire, its effects were "writ in water," so far as our social
state is concerned.

On the other hand, if the noble first President of the Royal Society could revisit the upper air and once
more gladden his eyes with a sight of the familiar mace, he would find himself in the midst of a material
civilisation more different from that of his day, than that of the seventeenth was from that of the first
century. And if Lord Brouncker's native sagacity had not deserted his ghost, he would need no long
reflection to discover that all these great ships, these railways, these telegraphs, these factories, these
printing-presses, without which fabric of modern English society would collapse into a mass of stagnant
and starving pauperism,—that all these pillars of our State are but the ripples and the bubbles upon the
surface of that great spiritual stream, the springs of which only, he and his fellows were privileged to
see; and seeing, to recognise as that which it behoved them above all things to keep pure and undefiled.

It may not be too great aflight of imagination to conceive our noble revenant not forgetful of the great
troubles of his own day, and anxious to know how often London had been burned down since histime,



and how often the plague had carried off its thousands. He would have to learn that, [26] although
London contains tenfold the inflammable matter that it did in 1666; though, not content with filling our
rooms with woodwork and light draperies, we must needs lead inflammable and explosive gases into
every corner of our streets and houses, we never allow even a street to burn down. And if he asked how
this had come about, we should have to explain that the improvement of natural knowledge has
furnished us with dozens of machines for throwing water upon fires, any one of which would have
furnished the ingenious Mr. Hooke, the first "curator and experimenter” of the Royal Society, with
ample materials for discourse before half a dozen meetings of that body; and that, to say truth, except for
the progress of natural knowledge, we should not have been able to make even the tools by which these
machines are constructed. And, further, it would be necessary to add, that although severe fires
sometimes occur and inflict great damage, the lossis very generally compensated by societies, the
operations of which have been rendered possible only by the progress of natural knowledge in the
direction of mathematics, and the accumulation of wealth in virtue of other natural knowledge.

But the plague? My Lord Brouncker's observation would not, | fear, lead him to think that Englishmen
of the nineteenth century are purer in life, or more fervent in religious faith, than the [27] generation
which could produce a Boyle, an Evelyn, and a Milton. He might find the mud of society at the bottom,
instead of at the top, but | fear that the sum total would be as deserving of swift judgment as at the time
of the Restoration. And it would be our duty to explain once more, and this time not without shame, that
we have no reason to believe that it is the improvement of our faith, nor that of our morals, which keeps
the plague from our city; but, again, that it is the improvement of our natural knowledge.

We have learned that pestilences will only take up their abode among those who have prepared unswept
and ungarnished residences for them. Their cities must have narrow, unwatered streets, foul with
accumulated garbage. Their houses must be ill-drained, ill-lighted, ill-ventilated. Their subjects must be
ill-washed, ill-fed, ill-clothed. The London of 1665 was such a city. The cities of the East, where plague
has an enduring dwelling, are such cities. We, in later times, have learned somewhat of Nature, and
partly obey her. Because of this partial improvement of our natural knowledge and of that fractional
obedience, we have no plague; because that knowledge is still very imperfect and that obedience yet
incomplete, typhoid is our companion and cholera our visitor. But it is not presumptuous to express the
belief that, when our knowledge is [28] more complete and our obedience the expression of our
knowledge, London will count her centuries of freedom from typhoid and cholera, as she now gratefully
reckons her two hundred years of ignorance of that plague which swooped upon her thrice in the first
half of the seventeenth century.

Surely, there is nothing in these explanations which is not fully borne out by the facts? Surely, the
principles involved in them are now admitted among the fixed beliefs of all thinking men? Surely, itis
true that our countrymen are less subject to fire, famine, pestilence, and all the evils which result from a
want of command over and due anticipation of the course of Nature, than were the countrymen of
Milton; and health, wealth, and well-being are more abundant with us than with them? But no less
certainly is the difference due to the improvement of our knowledge of Nature, and the extent to which
that improved knowledge has been incorporated with the household words of men, and has supplied the
springs of their daily actions.



Granting for amoment, then, the truth of that which the depreciators of natural knowledge are so fond of
urging, that itsimprovement can only add to the resources of our material civilisation; admitting it to be
possible that the founders of the Royal Society themselves |ooked for no other reward than this, | cannot
confess that | was [29] guilty of exaggeration when | hinted, that to him who had the gift of
distinguishing between prominent events and important events, the origin of acombined effort on the
part of mankind to improve natural knowledge might have loomed larger than the Plague and have
outshone the glare of the Fire; as a something fraught with awealth of beneficence to mankind, in
comparison with which the damage done by those ghastly evils would shrink into insignificance.

It isvery certain that for every victim slain by the plague, hundreds of mankind exist and find afair
share of happinessin the world by the aid of the spinning jenny. And the great fire, at its worst, could
not have burnt the supply of coal, the daily working of which, in the bowels of the earth, made possible
by the steam pump, gives rise to an amount of wealth to which the millionslost in old London are but as
an old song.

But spinning jenny and steam pump are, after all, but toys, possessing an accidental value; and natural
knowledge creates multitudes of more subtle contrivances, the praises of which do not happen to be sung
because they are not directly convertible into instruments for creating wealth. When | contemplate
natural knowledge squandering such gifts among men, the only appropriate comparison | can find for
her is, to liken her to such [30] a peasant woman as one sees in the Alps, striding ever upward, heavily
burdened, and with mind bent only on her home; but yet without effort and without thought, knitting for
her children. Now stockings are good and comfortable things, and the children will undoubtedly be
much the better for them; but surely it would be shortsighted, to say the least of it, to depreciate this
toiling mother as a mere stocking-machine—a mere provider of physical comforts?

However, there are blind leaders of the blind, and not afew of them, who take this view of natural
knowledge, and can see nothing in the bountiful mother of humanity but a sort of comfort-grinding
machine. According to them, the improvement of natural knowledge always has been, and always must
be, synonymous with no more than the improvement of the material resources and the increase of the
gratifications of men.

Natural knowledgeis, in their eyes, no real mother of mankind, bringing them up with kindness, and, if
need be, with sternness, in the way they should go, and instructing them in all things needful for their
welfare; but a sort of fairy godmother, ready to furnish her pets with shoes of swiftness, swords of
sharpness, and omnipotent Aladdin's lamps, so that they may have telegraphs to Saturn, and see the
other side of the moon, and thank God they are better than their benighted ancestors.

[31] If thistalk weretrue, I, for one, should not greatly care to toil in the service of natural knowledge. |
think | would just as soon be quietly chipping my own flint axe, after the manner of my forefathers afew
thousand years back, as be troubled with the endless malady of thought which now infests us al, for
such reward. But | venture to say that such views are contrary alike to reason and to fact. Those who



discourse in such fashion seem to me to be so intent upon trying to see what is above Nature, or what is
behind her, that they are blind to what stares them in the face in her.

| should not venture to speak thus strongly if my justification were not to be found in the simplest and
most obvious facts,—f it needed more than an appeal to the most notorious truths to justify my assertion,
that the improvement of natural knowledge, whatever direction it has taken, and however low the aims
of those who may have commenced it—has not only conferred practical benefits on men, but, in so doing,
has effected arevolution in their conceptions of the universe and of themselves, and has profoundly
altered their modes of thinking and their views of right and wrong. | say that natural knowledge, seeking
to satisfy natural wants, has found the ideas which can alone still spiritual cravings. | say that natural
knowledge, in desiring to ascertain the laws of comfort, has been driven to discover those [32] of
conduct, and to lay the foundations of a new morality.

L et us take these points separately; and first, what great ideas has natural knowledge introduced into
men's minds?

| cannot but think that the foundations of all natural knowledge were laid when the reason of man first
came face to face with the facts of Nature; when the savage first learned that the fingers of one hand are
fewer than those of both; that it is shorter to cross a stream than to head it; that a stone stops whereit is
unless it be moved, and that it drops from the hand which lets it go; that light and heat come and go with
the sun; that sticks burn away in afire; that plants and animals grow and die; that if he struck hisfellow
savage a blow he would make him angry, and perhaps get a blow in return, while if he offered him a
fruit he would please him, and perhaps receive afish in exchange. When men had acquired this much
knowledge, the outlines, rude though they were, of mathematics, of physics, of chemistry, of biology, of
moral, economical, and political science, were sketched. Nor did the germ of religion fail when science
began to bud. Listen to words which, though new, are yet three thousand years old:—

". .. When in heaven the stars about the moon
Look beautiful, when al the winds are laid,

[33] And every height comes out, and jutting peak
And valley, and the immeasurable heavens

Break open to their highest, and all the stars

Shine, and the shepherd gladdensin his heart."2

If the half savage Greek could share our feelings thusfar, it isirrational to doubt that he went further, to
find as we do, that upon that brief gladness there follows a certain sorrow,—the little light of awakened
human intelligence shines so mere a spark amidst the abyss of the unknown and unknowable; seems so
insufficient to do more than illuminate the imperfections that cannot be remedied, the aspirations that
cannot be realised, of man's own nature. But in this sadness, this consciousness of the limitation of man,
this sense of an open secret which he cannot penetrate, lies the essence of all religion; and the attempt to
embody it in the forms furnished by the intellect is the origin of the higher theol ogies.

Thus it seems impossible to imagine but that the foundations of all knowledge secular or sacred—were



laid when intelligence dawned, though the superstructure remained for long ages so slight and feeble as
to be compatible with the existence of almost any general view respecting the mode of governance of the
universe. No doubt, from the first, there were certain phaanomena which, to the rudest mind, presented a
[34] constancy of occurrence, and suggested that afixed order ruled, at any rate, among them. | doubt if
the grossest of Fetish worshippers ever imagined that a stone must have a god within it to make it fall, or
that afruit had a god within it to make it taste sweet. With regard to such matters asthese, it is hardly
guestionable that mankind from the first took strictly positive and scientific views.

But, with respect to all the less familiar occurrences which present themselves, uncultured man, no
doubt, has always taken himself as the standard of comparison, as the centre and measure of the world;
nor could he well avoid doing so. And finding that his apparently uncaused will has a powerful effect in
giving rise to many occurrences, he naturally enough ascribed other and greater events to other and
greater volitions, and came to ook upon the world and all that therein is, as the product of the volitions
of persons like himself, but stronger, and capable of being appeased or angered, as he himself might be
soothed or irritated. Through such conceptions of the plan and working of the universe all mankind have
passed, or are passing. And we may now consider what has been the effect of the improvement of
natural knowledge on the views of men who have reached this stage, and who have begun to cultivate
natural knowledge with no desire but that of "increasing God's honour and bettering man's estate."

[35] For example, what could seem wiser, from a mere material point of view, more innocent, from a
theological one, to an ancient people, than that they should learn the exact succession of the seasons, as
warnings for their husbandmen; or the position of the stars, as guidesto their rude navigators? But what
has grown out of this search for natural knowledge of so merely useful a character? Y ou all know the
reply. Astronomy,—which of all sciences has filled men's minds with general ideas of a character most
foreign to their daily experience, and has, more than any other, rendered it impossible for them to accept
the beliefs of their fathers. Astronomy,—which tells them that this so vast and seemingly solid earth is but
an atom among atoms, whirling, no man knows whither, through illimitable space; which demonstrates
that what we call the peaceful heaven above us, is but that space, filled by an infinitely subtle matter
whose particles are seething and surging, like the waves of an angry sea; which opens up to usinfinite
regions where nothing is known, or ever seems to have been known, but matter and force, operating
according to rigid rules; which leads us to contemplate phaanomena the very nature of which
demonstrates that they must have had a beginning, and that they must have an end, but the very nature of
which also proves that the beginning was, to our conceptions of time, [36] infinitely remote, and that the
end is asimmeasurably distant.

But it is not aone those who pursue astronomy who ask for bread and receive ideas. What more
harmless than the attempt to lift and distribute water by pumping it; what more absolutely and grossly
utilitarian? Y et out of pumps grew the discussions about Nature's abhorrence of avacuum and then it
was discovered that Nature does not abhor a vacuum, but that air has weight; and that notion paved the
way for the doctrine that all matter has weight, and that the force which produces weight is co-extensive
with the universe,—in short, to the theory of universal gravitation and endless force. While learning how
to handle gases |ed to the discovery of oxygen, and to modern chemistry, and to the notion of the
indestructibility of matter.



Again, what ssmpler, or more absolutely practical, than the attempt to keep the axle of awheel from
heating when the wheel turns round very fast? How useful for carters and gig drivers to know something
about this; and how good were it, if any ingenious person would find out the cause of such phaanomena,
and thence educe agenera remedy for them. Such an ingenious person was Count Rumford; and he and
his successors have landed us in the theory of the persistence, or indestructibility, of force. And in the
infinitely minute, asin the infinitely great, [37] the seekers after natural knowledge of the kinds called
physical and chemical, have everywhere found a definite order and succession of events which seem
never to be infringed.

And how has it fared with "Physick" and Anatomy? Have the anatomist, the physiologist, or the
physician, whose business it has been to devote themselves assiduously to that eminently practical and
direct end, the alleviation of the sufferings of mankind,—have they been able to confine their vision more
absolutely to the strictly useful ? | fear they are the worst offenders of all. For if the astronomer has set
before us the infinite magnitude of space, and the practical eternity of the duration of the universeg; if the
physical and chemical philosophers have demonstrated the infinite minuteness of its constituent parts,
and the practical eternity of matter and of force; and if both have alike proclaimed the universality of a
definite and predicable order and succession of events, the workers in biology have not only accepted all
these, but have added more startling theses of their own. For, as the astronomers discover in the earth no
centre of the universe, but an eccentric speck, so the naturalists find man to be no centre of the living
world, but one amidst endless modifications of life; and as the astronomer observes the mark of
practically endless time set upon the arrangements of the solar system so the student of life finds the
records [38] of ancient forms of existence peopling the world for ages, which, in relation to human
experience, areinfinite.

Furthermore, the physiologist finds life to be as dependent for its manifestation on particular molecular
arrangements as any physical or chemical phaamomenon; and wherever he extends his researches, fixed
order and unchanging causation reveal themselves, as plainly asin the rest of Nature.

Nor can | find that any other fate has awaited the germ of Religion. Arising, like al other kinds of
knowledge, out of the action and interaction of man's mind, with that which is not man's mind, it has
taken the intellectual coverings of Fetishism or Polytheism; of Theism or Atheism; of Superstition or
Rationalism. With these, and their relative merits and demerits, | have nothing to do; but thisit is

needful for my purpose to say, that if the religion of the present differs from that of the past, it is because
the theology of the present has become more scientific than that of the past; because it has not only
renounced idols of wood and idols of stone, but begins to see the necessity of breaking in pieces the
idols built up of books and traditions and fine-spun ecclesiastical cobwebs: and of cherishing the noblest
and most human of man's emotions, by worship "for the most part of the silent sort" at the altar of the
Unknown.

Such are afew of the new conceptions implanted [39] in our minds by the improvement of natural
knowledge. Men have acquired the ideas of the practically infinite extent of the universe and of its



practical eternity; they are familiar with the conception that our earth is but an infinitesimal fragment of
that part of the universe which can be seen; and that, nevertheless, its duration is, as compared with our
standards of time, infinite. They have further acquired the idea that man is but one of innumerable forms
of life now existing on the globe, and that the present existences are but the last of an immeasurable
series of predecessors. Moreover, every step they have made in natural knowledge has tended to extend
and rivet in their minds the conception of a definite order of the universe which is embodied in what are
called, by an unhappy metaphor, the laws of Nature and to narrow the range and loosen the force of
men's belief in spontaneity, or in changes other than such as arise out of that definite order itself.

Whether these ideas are well or ill founded is not the question. No one can deny that they exist, and have
been the inevitable outgrowth of the improvement of natural knowledge. And if so, it cannot be doubted
that they are changing the form of men's most cherished and most important convictions.

And as regards the second point-the extent to which the improvement of natural knowledge has [40]
remodelled and altered what may be termed the intellectual ethics of men,—what are among the moral
convictions most fondly held by barbarous and semi-barbarous people.

They are the convictions that authority is the soundest basis of belief; that merit attaches to a readiness
to believe; that the doubting disposition is a bad one, and scepticism a sin; that when good authority has
pronounced what is to be believed, and faith has accepted it, reason has no further duty. There are many
excellent persons who yet hold by these principles, and it is not my present business, or intention, to
discusstheir views. All | wish to bring clearly before your minds is the unquestionable fact, that the
improvement of natural knowledge is effected by methods which directly give thelieto all these
convictions, and assume the exact reverse of each to be true.

The improver of natural knowledge absolutely refuses to acknowledge authority, as such. For him,
scepticism is the highest of duties; blind faith the one unpardonable sin. And it cannot be otherwise, for
every great advance in natural knowledge has involved the absolute regjection of authority, the cherishing
of the keenest scepticism, the annihilation of the spirit of blind faith; and the most ardent votary of
science holds his firmest convictions, not because the men he most venerates hold them, not because
their verity istestified by portents and wonders; but because his experi[41]ence teaches him that
whenever he chooses to bring these convictions into contact with their primary source, Nature-whenever
he thinks fit to test them by appealing to experiment and to observation—Nature will confirm them. The
man of science has learned to believe in justification, not by faith, but by verification.

Thus, without for amoment pretending to despise the practical results of the improvement of natural
knowledge, and its beneficial influence on material civilisation, it must, | think, be admitted that the
great ideas, some of which | have indicated, and the ethical spirit which | have endeavoured to sketch, in
the few moments which remained at my disposal, constitute the real and permanent significance of
natural knowledge.

If these ideas be destined, as | believe they are, to be more and more firmly established as the world



grows older; if that spirit be fated, as| believeit is, to extend itself into all departments of human
thought, and to become co-extensive with the range of knowledge; if, as our race approachesits
maturity, it discovers, as| believe it will, that there is but one kind of knowledge and but one method of
acquiring it; then we, who are still children, may justly feel it our highest duty to recognise the
advisableness of improving natural knowledge, and so to aid ourselves and our successors in our course
towards the noble goal which lies before mankind.

1 Need it be said that thisis Tennyson's English for Homer's Greek?
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The Progress of Science (1887)
Collected Essays |

[42] The most obvious and the most distinctive feature of the History of Civilisation, during the last fifty
years, is the wonderful increase of industrial production by the application of machinery, the
improvement of old technical processes and the invention of new ones, accompanied by an even more
remarkable development of old and new means of locomotion and intercommunication. By thisrapid
and vast multiplication of the commodities and conveniences of existence, the general standard of
comfort has been raised; the ravages of pestilence and famine have been checked; and the natural
obstacles, which time and space offer to mutual intercourse, have been reduced in a manner, and to an
extent, unknown to former ages. The diminution or removal of local ignorance and prejudice, the
creation of common [43] interests among the most widely separated peoples, and the strengthening of
the forces of the organisation of the commonwealth against those of political or social anarchy, thus
effected, have exerted an influence on the present and future fortunes of mankind the full significance of
which may be divined, but cannot, as yet, be estimated at its full value.

Thisrevolution—for it is nothing less-in the political and social aspects of modern civilisation has been
preceded, accompanied, and in great measure caused, by aless obvious, but no less marvellous, increase
of natural knowledge, and especially of that part of it which is known as Physical Science, in
consequence of the application of scientific method to the investigation of the phenomena of the material
world. Not that the growth of physical scienceis an exclusive prerogative of the Victorian age. Its
present strength and volume merely indicate the highest level of a stream which took its rise alongside of
the primal founts of Philosophy, Literature, and Art, in ancient Greece; and, after being dammed up for a
thousand years, once more began to flow three centuries ago.

It may be doubted if even-handed justice, as free from fulsome panegyric as from captious depreciation,
has ever yet been dealt out to the sages of antiquity who, for eight centuries, from the time of Thalesto
that of Galen, toiled at the [44] foundations of physical science. But, without entering into the discussion
of that large question, it is certain that the labours of these early workersin the field of natural
knowledge were brought to a standstill by the decay and disruption of the Roman Empire, the
consequent disorganisation of society, and the diversion of men's thoughts from sublunary matters to the
problems of the supernatural world suggested by Christian dogmain the Middle Ages. And,
notwithstanding sporadic attempts to recall men to the investigation of nature, here and there, it was not
until the fifteenth and sixteenth centuries that physical science made a new start, founding itself, at first,
altogether upon that which had been done by the Greeks. Indeed, it must be admitted that the men of the
Renaissance, though standing on the shoulders of the old philosophers, were along time before they saw
as much as their forerunners had done.

Thefirst serious attempts to carry further the unfinished work of Archimedes, Hipparchus, and Ptolemy,
of Aristotle and of Galen, naturally enough arose among the astronomers and the physicians. For the



Imperious necessity of seeking some remedy for the physical ills of life had insured the preservation of
more or less of the wisdom of Hippocrates and his successors; and, by a happy conjunction of
circumstances, the Jewish and the Arabian physicians and philo[45] sophers escaped many of the
influences which, at that time, blighted natural knowledge in the Christian world. On the other hand, the
superstitious hopes and fears which afforded countenance to astrology and to alchemy also sheltered
astronomy and the germs of chemistry. Whether for this, or for some better reason, the founders of the
schools of the Middle Ages included astronomy, along with geometry, arithmetic, and music, as one of
the four branches of advanced education; and, in this respect, it isonly just to them to observe that they
were far in advance of those who sit in their seats. The schoolmen considered no one to be properly
educated unless he were acquainted with, at any rate, one branch of physical science. We have not, even
yet, reached that stage of enlightenment.

In the early decades of the seventeenth century, the men of the Renaissance could show that they had
already put out to good interest the treasure bequeathed to them by the Greeks. They had produced the
astronomical system of Copernicus, with Kepler's great additions; the astronomical discoveries and the
physical investigations of Galileo; the mechanics of Stevinus and the "De Magnete" of Gilbert; the
anatomy of the great French and Italian schools and the physiology of Harvey. In Italy, which had
succeeded Greece in the hegemony of the scientific world, the Accademiade Lyncei and sundry other
such [46] associations for the investigation of nature, the models of all subsequent academies and
scientific societies, had been founded; while the literary skill and biting wit of Galileo had made the
great scientific questions of the day not only intelligible, but attractive, to the general public.

In our own country, Francis Bacon had essayed to sum up the past of physical science, and to indicate
the path which it must follow if its great destinies were to be fulfilled. And though the attempt was just
such a magnificent failure as might have been expected from a man of great endowments, who was so
singularly devoid of scientific insight that he could not understand the value of the work already
achieved by the true instaurators of physical science; yet the majestic eloquence and the fervid
vaticinations of one who was conspicuous alike by the greatness of his rise and the depth of hisfall,
drew the attention of all the world to the "new birth of Time."

But it is not easy to discover satisfactory evidence that the "Novum Organum™ had any direct beneficial
influence on the advancement of natural knowledge. No delusion is greater than the notion that method
and industry can make up for lack of motherwit, either in science or in practical life; and it is strange
that, with his knowledge of mankind, Bacon should have dreamed that his, or any other, "viainveniendi
scientias’ would "level men'swits' and leave [47] little scope for that inborn capacity which is called
genius. As amatter of fact, Bacon's"via' has proved hopelessly impracticable; while the "anticipation of
nature" by the invention of hypotheses based on incomplete inductions, which he specially condemns,
has proved itself to be a most efficient, indeed an indispensable, instrument of scientific progress.
Finally, that transcendental alchemy—the superinducement of new forms on matter—which Bacon
declares to be the supreme aim of science, has been wholly ignored by those who have created the
physical knowledge of the present day.

Even the eloguent advocacy of the Chancellor brought no unmixed good to physical science. It was



natural enough that the man who, in his better moments, took "all knowledge for his patrimony,” but, in
hisworse, sold that birthright for the mess of pottage of Court favour and professional success, for pomp
and show, should be led to attach an undue value to the practical advantages which he foresaw, as Roger
Bacon and, indeed, Seneca had foreseen, long before his time, must follow in the train of the
advancement of natural knowledge. The burden of Bacon's pleadings for science is the "gathering of
fruit"—the importance of winning solid material advantages by the investigation of Nature and the
desirableness of limiting the application of scientific methods of inquiry to that field.

[48] Bacon's younger contemporary, Hobbes, casting aside the prudent reserve of his predecessor in
regard to those matters about which the Crown or the Church might have something to say, extended
scientific methods of inquiry to the phenomena of mind and the problems of social organisation; while,
at the same time, he indicated the boundary between the province of real, and that of imaginary,
knowledge. The "Principles of Philosophy" and the "Leviathan" embody a coherent system of purely
scientific thought in language which isamodel of clear and vigorous English style. At the sametime, in
France, aman of far greater scientific capacity than either Bacon or Hobbes, René Descartes, not only in
hisimmortal "Discours de la Méthode" and elsewhere, went down to the foundations of scientific
certainty, but, in his"Principes de Philosophie,” indicated where the goal of physical scienceredly lay.
However, Descartes was an eminent mathematician, and it would seem that the bent of hismind led him
to overestimate the value of deductive reasoning from general principles, as much as Bacon had under-
estimated it. The progress of physical science has been effected neither by Baconians nor by Cartesians,
as such, but by men like Galileo and Harvey, Boyle and Newton, who would have done their work just
aswell if neither Bacon nor Descartes had ever propounded their views respecting the [49] manner in
which scientific investigation should be pursued.

The progress of science, during the first century after Bacon's death, by no means verified his sanguine
prediction of the fruits which it would yield. For, though the revived and renewed study of nature had
spread and grown to an extent which surpassed reasonable expectation, the practical results-the "good to
men's estate "—were, at first, by no means apparent. Sixty years after Bacon's death, Newton had
crowned the long labours of the astronomers and the physicists, by co-ordinating the phenomena of
molar motion throughout the visible universe into one vast system; but the "Principia’ helped no man to
either wealth or comfort. Descartes, Newton, and Leibnitz had opened up new worlds to the
mathematician, but the acquisitions of their genius enriched only man'sideal estate. Descartes had laid
the foundations of rational cosmogony and of physiological psychology; Boyle had produced models of
experimentation in various branches of physics and chemistry; Pascal and Torricelli had weighed the air;
Malpighi and Grew, Ray and Willoughby had done work of no lessimportance in the biological
sciences; but weaving and spinning were carried on with the old appliances; nobody could travel faster
by sea or by land than at any previoustime in the world's history, and King George could send a
message from London [50] to Y ork no faster than King John might have done. Metals were worked
from their ores by immemorial rule of thumb, and the centre of the iron trade of these islands was still
among the oak forests of Sussex. The utmost skill of our mechanicians did not get beyond the
production of a coarse watch.

The middle of the eighteenth century isillustrated by ahost of great names in science—-English, French,



German, and Italian—especially in the fields of chemistry, geology, and biology; but this deepening and
broadening of natural knowledge produced next to no immediate practical benefits. Even if, at thistime,
Francis Bacon could have returned to the scene of his greatness and of his littleness, he must have
regarded the philosophic world which praised and disregarded his precepts with great disfavour. If
ghosts are consistent, he would have said, "These people are al wasting their time, just as Gilbert and
Kepler and Galileo and my worthy physician Harvey did in my day. Where are the fruits of the
restoration of science which | promised? This accumulation of bare knowledge is al very well, but cui
bono? Not one of these peopleis doing what | told him specially to do, and seeking that secret of the
cause of forms which will enable men to deal, at will, with matter, and superinduce new natures upon
the old foundations."

[51] But, alittle later, that growth of knowledge beyond imaginable utilitarian ends, which isthe
condition precedent of its practical utility, began to produce some effect upon practical life; and the
operation of that part of nature we call human upon the rest began to create, not "new natures,” in
Bacon's sense, but a new Nature, the existence of which is dependent upon men's efforts, which is
subservient to their wants, and which would disappear if man's shaping and guiding hand were
withdrawn. Every mechanical artifice, every chemically pure substance employed in manufacture, every
abnormally fertile race of plants, or rapidly growing and fattening breed of animals, is a part of the new
Nature created by science. Without it, the most densely populated regions of modern Europe and
Americamust retain their primitive, sparsely inhabited, agricultural or pastoral condition; it isthe
foundation of our wealth and the condition of our safety from submergence by another flood of
barbarous hordes; it is the bond which unitesinto a solid political whole, regions larger than any empire
of antiquity; it secures us from the recurrence of the pestilences and famines of former times; it isthe
source of endless comforts and conveniences, which are not mere luxuries, but conduce to physical and
moral well-being. During the last fifty years, this new birth of time, this new Nature begotten by science
upon fact, has pressed itself daily and hourly upon [52] our attention, and has worked miracles which
have modified the whole fashion of our lives.

What wonder, then, if these astonishing fruits of the tree of knowledge are too often regarded by both
friends and enemies as the be-all and end-all of science? What wonder if some eulogise, and others
revile, the new philosophy for its utilitarian ends and its merely material triumphs?

In truth, the new philosophy deserves neither the praise of its eulogists, nor the blame of its landerers.
As | have pointed out, its disciples were guided by no search after practical fruits, during the great
period of its growth, and it reached adol escence without being stimulated by any rewards of that nature.
The bare enumeration of the names of the men who were the great lights of science in the latter part of
the eighteenth and the first decade of the nineteenth century, of Herschel, of Laplace, of Y oung, of
Fresnel, of Oersted, of Cavendish, of Lavoisier, of Davy, of Lamarck, of Cuvier, of Jussieu, of
Decandolle, of Werner and of Hutton, suffices to indicate the strength of physical science in the age
immediately preceding that of which | have to treat. But of which of these great men can it be said that
their labours were directed to practical ends? | do not call to mind even an invention of practical utility
which we owe to any of them, except the safety-lamp of Davy. Werner certainly paid attention to
mining, and | have not forgotten [53] James Waitt. But, though some of the most important of the



Improvements by which Watt converted the steam-engine, invented long before his time, into the
obedient slave of man, were suggested and guided by his acquaintance with scientific principles, his skill
as a practical mechanician and the efficiency of Bolton's workmen had quite as much to do with the
realisation of his projects.

In fact, the history of physical science teaches (and we cannot too carefully take the lesson to heart) that
the practical advantages, attainable through its agency, never have been, and never will be, sufficiently
attractive to men inspired by the inborn genius of the interpreter of Nature, to give them courage to
undergo the toils and make the sacrifices which that calling requires from its votaries. That which stirs
their pulsesisthe love of knowledge and the joy of the discovery of the causes of things sung by the old
poet—the supreme delight of extending the realm of law and order ever farther towards the unattainable
goals of theinfinitely great and the infinitely small, between which our little race of lifeisrun. In the
course of thiswork, the physical philosopher, sometimes intentionally, much more often unintentionally,
lights upon something which proves to be of practical value. Great is the rgjoicing of those who are
benefited thereby; and, for the moment, science isthe Diana of all the [54] craftsmen. But, even while
the cries of jubilation resound and this flotsam and jetsam of the tide of investigation is being turned into
the wages of workmen and the wealth of capitalists, the crest of the wave of scientific investigation isfar
away on its course over theillimitable ocean of the unknown.

Far be it from me to depreciate the value of the gifts of science to practical life, or to cast a doubt upon
the propriety of the course of action of those who follow science in the hope of finding wealth alongside
truth, or even wealth alone. Such a profession is as respectable as any other. And quite aslittledo |
desire to ignore the fact that, if industry owes a heavy debt to science, it has largely repaid the loan by
the important aid which it has, in itsturn, rendered to the advancement of science. In considering the
causes which hindered the progress of physical knowledge in the schools of Athens and of Alexandria, it

has often struck me? that where the Greeks did wonders was in just those branches of science, such as
geometry, astronomy, and anatomy, which are susceptible of very considerable development without
any, or any but the simplest, appliances. It is a curious speculation to think what would have become of
modern physical scienceif glass and [55] alcohol had not been easily obtainable; and if the gradual
perfection of mechanical skill for industrial ends had not enabled investigators to obtain, at
comparatively little cost, microscopes, telescopes, and all the exquisitely delicate apparatus for
determining weight and measure and for estimating the lapse of time with exactness, which they now
command. If science has rendered the colossal development of modern industry possible, beyond a
doubt industry has done no less for modern physics and chemistry, and for a great deal of modern
biology. And as the captains of industry have, at last, begun to be aware that the condition of successin
that warfare, under the forms of peace, which is known as industrial competition, liesin the discipline of
the troops and the use of arms of precision, just as much asit doesin the warfare which is called war,
their demand for that discipline, which istechnical education, is reacting upon science in a manner
which will, assuredly, stimulate its future growth to an incalculable extent. It has become obvious that
the interests of science and of industry are identical; that science cannot make a step forward without,
sooner or later, opening up new channels for industry; and, on the other hand, that every advance of
industry facilitates those experimental investigations, upon which the growth of science depends. We
may hope that, at last, the weary misunderstanding between the practical men who [56] professed to



despise science, and the high and dry philosophers who professed to despise practical results, isat an
end.

Nevertheless, that which is true of the infancy of physical science in the Greek world, that which istrue
of its adolescence in the seventeenth and elghteenth centuries, remains true of its riper age in these latter
days of the nineteenth century. The great stepsin its progress have been made, are made, and will be
made, by men who seek knowledge simply because they crave for it. They have their weaknesses, their
follies, their vanities, and their rivalries, like the rest of the world; but, whatever by-ends may mar their

dignity and impede their usefulness, this chief end redeems them.Z Nothi ng great in science has ever
been done by men, whatever their powers, in whom the divine afflatus of the truth-seeker was wanting.
Men of moderate capacity have [57] done great things because it animated them; and men of great
natural gifts have failed, absolutely or relatively, because they lacked this one thing needful.

To any one who knows the business of investigation practically, Bacon's notion of establishing a
company of investigators to work for “fruits," asif the pursuit of knowledge were akind of mining

operation and only required well-directed picks and shovels, seems very strange.3 In science, asin art,
and, as| believe, in every other sphere of human activity, there may be wisdom in a multitude of
counsellors, but it isonly in one or two of them. And, in scientific inquiry, at any rate, it isto that one or
two that we must look for light and guidance. Newton said that he made his discoveries by "intending"
his mind on the subject; no doubt, truly. But to equal his success one must have the mind which he
"intended.” Forty lesser men might have intended their mindstill they cracked, without any like result. It
would be idle either to affirm or to deny that the last half-century has produced men of science of the
calibre of Newton. It is sufficient that it can show afew capacities of the first rank, competent not only
to deal profitably with the inheritance [58] bequeathed by their scientific forefathers, but to pass on to
their successors physical truths of a higher order than any yet reached by the human race. And if they
have succeeded as Newton succeeded, it is because they have sought truth as he sought it, with no other
object than the finding it.

| am conscious that in undertaking to give even the briefest sketch of the progress of physical science, in
all its branches, during the last half-century, | may be thought to have exhibited more courage than
discretion, and perhaps more presumption than either. So far as physical science is concerned, the days
of Admirable Crichtons have long been over, and the most indefatigable of hard workers may think he
has done well if he has mastered one of its minor subdivisions. Nevertheless, it is possible for any one,
who has familiarised himself with the operations of science in one department, to comprehend the
significance, and even to form ageneral estimate of the value, of the achievements of specialistsin other
departments.

Nor isthere any lack either of guidance, or of aids to ignorance. By a happy chance, the first edition of
Whewell's "History of the Inductive Sciences' was published in 1837, and it affords a very useful view
of the state of things at the commencement of the Victorian epoch. Asto subsequent events, [59] there
are numerous excellent summaries of the progress of various branches of science, especially up to 1881,

which was the jubilee year of the British Association.? And, with respect to the biological sciences, with



some parts of which my studies have familiarised me, my personal experience nearly coincides with the
preceding half-century. | may hope, therefore, that my chance of escaping serious errorsis as good as
that of any one else, who might have been persuaded to undertake the somewhat perilous enterprisein
which | find myself engaged.

Thereisyet another prefatory remark which it seems desirable | should make. It isthat | think it proper
to confine myself to the work done, without saying anything about the doers of it. Meddling with
guestions of merit and priority is athorny business at the best of times, and, unlessin case of necessity,
altogether undesirable when one is dealing with contemporaries. No such necessity lies upon me; and |
shall, therefore, mention no names of living men, lest, perchance, | should incur the reproof which the
|sraglites, who struggled with one another in the field, addressed to M oses—"Who made thee a prince and
ajudge over us?"

[60] Physical scienceisone and indivisible. Although, for practical purposes, it is convenient to mark it
out into the primary regions of Physics, Chemistry, and Biology, and to subdivide these into subordinate
provinces, yet the method of investigation and the ultimate object of the physical inquirer a