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LAVOISIER 3

in this his first tmportant research he employs the balance
—“the essential instrument of all chemical research.”
He heated water in a closed and weighed glass vessel for
a hundred and one days, and at the termination of the
experiment found that the vessel had lost 17°4 grains,
and on evaporation of the water a solid residue weighing
204 grains was obtained—the excess being due to unavoid-
able experimental error. Lavoisier concluded that water
when heated was not transmuted into earth, which was
the theory entertained by the alchemists and some of the
pneumatic chemists. He proved that the water dis-
solved some of the constituents of the glass—a conelusion
confirmed by Scheele. This research had a far-reaching
and an important bearing on the notions or theories of
the times—theories that had existed for centuries were
to be swept away by his clinching experimental proof of
their absurdity ; the art of alchemy and the pursuit of
the philosopher’s stone was rendered futile: but, above
all, the experiments proved that the old alchemical idea
of the transmutation to be false;! and it led him to

! That a distinguished chemist should in the twentieth century
lecture on “ The Transmutation of the Elements,” would have seemed
absurd and impossible to any of our acientific forefathers. Yet this
was the title of a lecture delivered at the London Institution on 28th
January 1907 by Sir William Ramsay, who showed the influence of
electricity on the break up of matter. Radium has shaken our ideas
about the ultimate atom and the elements, and is always, though
slowly, breaking up and giving off various products—helium among
others. The ultra-violet radiations tend to break up metals. These
things, viewed in connection with the latest electrical theories, appear
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the increased weight of iron after being heated in air was
due to its absorption of something in the air: “Il est
trés possible que cette augmentation de poids soit venue
de la matiére répandue dans I'atmosphere.” (See Voltaire’s
paper in Recueil des Piéces qui ont remporté les Prix
de U Académie royale des Sciences, Paris, 1752, tome iv.,
p. 171.)

Although Priestley first isolated * dephlogisticated air”
or oxygen, it was left for the genius of Lavoisier to first
interpret the phenomenon of combustion ; and in 1778 (the
year that witnessed the deaths of Voltaire and Rousseau
within thirty-three days of each other) he established the
fact that oxygen was the universal oxidizing prineiple.

During 1775 and subsequent years Lavoisier expounded
his views on the nature of respiration, fermentation, and
combustion ; and we have to this day excellent sepia
drawings by Madame Lavoisier of her husband’s experi-
ments on respired air.

In 1783 the composition of water was discovered by
Cavendish, and confirmed the same year by Lavoisier and
Laplace. Lavoisier was then able to explain the reactions
which take place when metals dissolve in acids; and when
metals burn to form calces, that oxygen is instrumental
in the combustion. From the work of Cavendish, he first
clearly stated the compound nature of water, and deter-
mined accurately its volumetric composition (Kopp).
“ Although Cavendish was the first to show that water is
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produced when the two gases hydrogen and oxygen are
exploded together, it would yet appear that he did not
fully grasp the fact that water is a compound of these two
gases ; it was left to Lavoisier to give a clear statement
of this all-important fact, and thus to remove the last
prop from under the now tottering but once stately edifice
built by Stahl and his suecessors.”

The nouvelle chimie, based on the theory of combustion
or oxidation, was not accepted by the older chemists,
and many distinguished workers remained followers of
Stahl and his phlogistic doctrine, but unprejudiced and
younger minds readily accepted the teachings of Lavoisier
—certainly a revolution on the older views of chemical
theory. This revolution brought upon him much odium
and obloquy—so much so that his efligy was burnt at
Berlin as a protest against his antiphlogistic doctrines ; yet
the same Prussian sawvants and students a few years later
readily accepted the nouwvelle chimie, and now his philo-
sophy is the bulwark, the very foundation stone, of
modern chemistry.

The following words of a well-known living scientist
are applicable in Lavoisier's case: “It is extraordinary
how slow people are to appreciate enthusiasm on the part
of real workers; and it s a terrible crime to upset pre-
conceived ideas. However, it is satisfactory to feel that
one has helped to advance truth and upset falsehood,

even should the effort prove painful to a certain section
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of fossilized people who are too lazy to work themselves,

and who try to suppress the capacity of work in others.”

How few think justly of the thinking few!
How many never think who think they do.

In his Traité de Chimie Lavoisier described more
fully the formation of oxides, and the phenomenon of
combustion ; and he proved (1777-78) that the calces of
lead, tin, and mercury are oxides of these metals. But
the phlogistic theory was still held by many honoured
workers in chemistry, and they believed that in Caven-
dish’s inflammable air (hydrogen) was the long-cherished,
but undiscovered, phlogiston. Concerning the solution
of metals in muriatic or vitriolic acid with the evolution
of inflammable air, these phlogistonists stated that the
metals lose phlogiston by the process, and that a calx
is a metal minus phlogiston or ““ metallic spirit !

The quantitative work of Lavoisier, his weighing and
measuring, and the philosophical deductions of his experi-
ments, completely shattered the theory of phlogiston—a
theory which prevented the advance of science and proved
to be a false doctrine, which unfortunately lasted nearly

1 Quoted from a letter to the author.

It will be remembered that the late Prof. Hughes was turned from pub-
lishing a paper on wireless telegraphy by the unfortunate criticism of the
late Sir George Gabriel Stokes, who, with others, failed to appreciate it.
One sees now what a discovery Hughes had made, and how it was lost to
the world by the mighty authority, if not the intellectual pride, of a dis-
tinguished physicist! Was it jealousy or prejudice, or both? Sometimes
old men are jealous of the work of younger men (e.g., Davy of Faraday) !
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Lavoisier was the first to attempt the ultimate analysis
of organic compounds, by burning these bodies in a stream
of oxygen, and collecting the water and carbonic acid
produced. This work is of historical interest as being the
last performed by the illustrious savant, and just before
execution.

But his ultimate right to fame rests on his interpre-
tation of the phenomenon of combustion—that it is not
a decomposition but a combination; the indestructi-
bility of matter (conservation of mass); his philosophical
deductions of the work of others ; the introduction of the
balance into all chemical operations; the recognition as
elements of those bodies only which yield but one kind
of matter; the formation of compounds from elements ;
his system of nomenclature; and, finally, his work (in
conjunction with Laplace) on specific heats. Surely a
goodly list, and sufficient to make his name immortal in
the history of chemistry.

His energy knew no bounds, and at an early age, twenty-
five, he became a fermier général under the Government,
and had the right, with others, of collecting the indirect
taxes throughout France;' and this position during the

1 Since the time of King Philip VI, of Valois (1328-50), the kings
of France allowed the taxes to be farmed ; and for this privilege those
appointed had to pay the king certain sums of money. They recouped
themselves by the money collected. Many fermiers généraux became

rich, and in consequence were obnoxious to the poor. The nobles and
clergy were exempted from taxation.
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On 7th May, on the eve of his death, Lavoisier wrote a
letter to his cousin Augez de Villiers in which he said :—

J'ai parcouru une carriére assez longue, surtout trés heureuse, et
je crois que ma mémoire sera accompagnée de quelques regrets et peut-
étre de quelque gloire. Que pourrais-je désirer de plus?

Les événements dans lesquels je me trouve saisi m'éviteront, selon
toute probabilité, les inconvénients de la vieillesse. Je mourrai dans
toute la force de mon age. Clest encore la un avantage que je dois
ajouter & ceux dont j'ai joul.

Si je ressens quelques sentiments pénibles, c’est de n’avoir pas fait
davantage pour ma famille, c’est d’étre privé de tout et de ne pouvoir
donner ni 4 elle ni & toi aucune preuve de mon affection et de ma
reconnaissance,

Il est donc vrai que l'exercice de toutes les vertus sociales, que des
services importants rendus & la patrie, une carriére employée utilement
pour le progrés des arts et des connaissances humaines ne sont pas
suffisants pour vous défendre d'une fin sinistre, pour vous empécher de
perir comme un coupable !

Je t'éeris aujourd’hui, parce que demain il me sera peut-étre pas
permis de la faire, et parce que c’est une douce consolation pour moi
de m'occuper de toi et des personnes qui me sont chéres & ce dernier
moment. N'oublie pas de me rappeler, au souvenir de ceux qui s'intér-
réssent 4 moi et fais que cette lettre leur devienne commune i tous.
Selon toute probabilité, c’est la derniére que je vous écrirai.

Lavoisier had made an enemy of no less a person than
Marat. In 1780, the latter wrote a ¢ détestable essai sur la
nature du feu,” ' and announced that it had received the
approval of the Academy. Lavoisier flatly denied the
assertion. This infuriated the hatred of Marat to such an
extent that in his pamphlet, L’Amz du Peuple, written
in 1791, he says: “Je vous dénonce le coryphée, le
charlatan Lavoisier, chimiste, fermier général, régisseur

! Marat's Recherches Physiques sur le Feu (1780),
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Terrible! terrible in those days! Men and women,
tied down to a cart (tumbril), were hurried along the
streets to the place of execution. Down clanked the axe,
and the head of a victim rolled into the corbeille. The
joy of the jealous, black calumnies, devilry, the hatred of
cowards, the rage and stupidity of the masses, these were
the feelings of men in the year 1794—and they triumphed.

Lavoisier asked for a short time to complete a research
in which he was engaged, but Coffinhal (President of the
Revolutionary Tribunal) remarked that ‘la République
n'a pas besoin de savants; il faut que la justice suivre
son cours,”

On 8th May 1794, the immortal Lavoisier was guillo-
tined in the fifty-first year of his age. Calm and resigned,
he met his death without flinching, without demonstration,
knowing that he had done his duty both to the State and
to Science.

Lavoisier was President of the Académie, and a de-
putation of its members penetrated the prison and placed
wreaths on his grave in the Conciergerie. The name
of “Lavoisier” required no embellishment, nor was the

sculptor’s art needed to perpetuate it in posterity.

No lengthen'd scroll, no praise-encumbered stone ;
My epitaph shall be my name alone, Byron.
As long as chemistry exists the name of  Lavoisier”
will always be remembered as the creator of a new era in

science; and as long as the human race is capable of
























CUVIER 19

birds and quadrupeds. His scientific studies were
encouraged by one of the professors of the Academy
giving him a copy of Linnaus’ Systema Natura. At this
time he was studying philosophy and political economy,
natural history, and the German language.

During a period of great anxiety and unrest (namely,
in 1788), and at the age of nineteen, Cuvier became
private tutor in the family of the Comte d’Héricy, whose
estate was near Caen in Normandy. In this position he
remained for six years—all through the Great Revolution ;
in the last year of his tutorship he heard of the
execution of Lavoisier (1794), and during the same year
his country was at war. The French tonquered Flanders,
overran the Palatinate, and took Treves; they also took
Coblenz, Maéstricht, and Venlo, and nearly the whole
frontiers of Holland, and many places in Spain. At the
same time the French were defeated by the English in
various sea-fights, and lost nearly all their West Indian
islands. During this period of storm and unrest Cuvier
was working quietly on his favourite subject. In the
nobleman’s family, besides learning the manners and
etiquette of refined society, he was studying with great
zeal natural history, comparing fossil forms with living
species, dissecting molluscs, classifying animals, ete. It
was at this period that he conceived the idea of his
two great works, the Ossemens Fossiles and the Régne

Animal—and he placed classification on an anatomical
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basis, which was a great stride upon the work of his
predecessors. Lamarck arranged the various groups of
animals in linear order from lower to higher—a scala
natura ; Cuvier opposed this system, and established the
idea of diverging branches (embranchements), although,
unlike Lamarck, he was no evolutionist.

While at the Normandy town, with its beautiful
cathedral of St Pierre, Cuvier made the accquaintance
of the old Abbé Tessier, then hiding from the fury of
Robespierre and other revolutionists. Disguised as a
surgeon, the learned old man discovered the worth of
young Cuvier, and this introduction was the means of
putting the latter into communication with Jussieu,
Geoffroy Saint-Hilaire, Daubenton, Lapéceéde, and other
men of science.

In 1795 Cuvier was appointed an assistant to the
professor of anatomy in the Musée d'Histoire Naturelle.
The same year saw him established as professor at the
Kcole Centrale du Panthéon —and here he composed
his Tableaw élémentaire de U Hustoire Naturelle des
Animauxr—the basis of the modern system of classification
of the animal kingdom. At this time Mertrud, aided by
the brothers Cuvier, commenced the famous and extensive
collection of comparative anatomy at the Jardin des
Plantes, Paris; and the next year Cuvier was elected
a member of the Académie des Sciences.

In 1796 he discovered red blood in leeches (Hirudo),
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CUVIER 21

and the following year appeared his paper on the nufri-
tion of insects.'

In 1799 he succeeded Daubenton (the collaborator
of Buffon) in the chair of natural history at the College
de France; and finally succeeded Mertrud in the chair
of comparative anatomy at the Jardin des Plantes.

In 1800 he published his first palaontological paper,
Mémorres sur les Espéces d Eléphants vivants et fossils,
and the quantity and quality of the palseontological
work which he turned out is simply astounding,

After the publication of his great work, Legons d’ Ana-
tomie Comparde, in 1802, Napoleon (then First Consul)
appointed Cuvier one of the inspectors-general for establish-
ing lycées in thirty towns. At the same time he was
elected Secrétaire perpétuel de I'’Académie des Sciences
(I'Institut de France), and was consequently brought
into contact with all the celebrated men of science in
the French capital.

In the same year (1804) that saw Napoleon created
Emperor and crowned by Pope Pius VIL, Cuvier married
a widow—Madame Duvaucel (whose husband was a _fermier
général, and along with Lavoisier and others suffered
death by decapitation). His marriage was a happy one,

From 1809 to 1813 Cuvier was sent on an important

educational mission to Holland, Italy, and Germany ;

' See Griffiths’ hooks, The Physiology of the Invertebrata, and
Respiratory Proteids,
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a peer of France, and just before his death (which
occurred on 13th May 1832) was made Ministre de 1'In-
térieur. Cuvier died in harness, for he was lecturing at
the College de France only a few days before his death.
He was buried in the celebrated Cimetitre du Pere la
Chaise, and his funeral was attended by an enormous
concourse of people, his death being looked upon as a
national calamity.

Cuvier was of a religious nature ; his lectures and speech
were clear, precise, and animated, often rising to the
highest eloquence; he was a brilliant writer, and an
expert draughtsman. In private life he was kind and
affable, a lover of order and regularity, and was accessible
to all, except during hours of study. He conscientiously
performed his various and manifold duties, both to the
State and to science, with increasing industry. So vast
were his labours that he shortened his days.

Cuvier was the first to indicate the principle upon
which the classification of animals should be based—from
the standpoint of comparative anatomy. He was the
founder of comparative anatomy, and the discoverer of

the law of the ‘““correlation of growth,” and was the
first to apply this law to the reconstruction of animals
from fossil fragments, and hence the student of nature
might see pictures of the earliest epochs in the world’s
history—before the advent of man. To the older zoo-

logist, classification was based on external resemblances,
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but to Cuvier zoology was nothing without comparative
anatomy. By founding paleontology, he showed that
extinet forms were just as important as living forms in a
natural system of classification ; and he also showed that
the anatomy of recent animals aided in the reconstruction
of the fossil forms, these reconstructed extinct animals
filling up many morphological gaps.

Cuvier's work in comparative anatomy and allied sub-
jects is a monument of intense labour ; his teaching domin-
ated most of the zoology of the first half of the nineteenth
century, and his Anatomie Comparée has furnished a
model for all students of the science of animal life.

When living at Caen, the digging up of some Terebra-
tulee proved the necessity of studying fossil with recent
forms, and it was these specimens which formed the
nucleus of the great collection of natural history objects
which he formed, and is now in the Jardin des Plantes.
“ Palseontological investigations have imparted a vivify-
ing breath of grace and diversity to the science of the
solid structure of the earth,” says Humboldt in his
Cosmos ; and if anyone has a right to be called the
founder of palmontology, that right belongs to Cuvier,
although Lamarck and William Smith were also associated
with the foundation of the science of fossil forms. In
1796 Cuvier studied the Tertiary mammals of France,
making clear for the first time that fossils were in most

cases remains of extinet organisms; and he insisted that
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Embryology, or development, was always neglected
by Cuvier and his school, being blind to the fact that
embryology must play an important part in philosophie
anatomique. This fruitful field of research was left for
Wolff, Vieq-d’Azyr, Von Baer, and others.

[t has already been stated that comparative anatomy
was the basis of Cuvier’s zoology, and there are numerous
and voluminous memoirs of his on the subject from
1795 to 1831—the year before his death. Among the
subjects investigated may be mentioned : the structure
of the larynx of birds, of the nasal foss® and organs of
hearing in the Cetacea (whales), of the organs of respiration
in the perennibranchiate amphibia (in the adult state
there are external branchiz combined with lungs), the
development of the teeth; and concerning the vertebrata
generally he studied respiration, muscular force, animal
heat, the brain and intelligence, and the digestive and
nervous systems. His labours were incessant.

In 1796 he published his érasté on the skeletons of
the Megatherium and Megalonyx, and on the skulls of
fossil bears ; and between 1796 and 1812 he had examined
the bones and skeletons belonging to more than forty
different species. Cuvier's Xiphodon was about the size
of the chamois, light, graceful, and agile, and it belonged
to a tribe of animals between the Pachydermata and
Ruminantia, Its fossil bones were found in the Upper

Eocene strata of France. Cuvier's Palaotherium magnum
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resembled the living tapir in the shape of the head,
although it differed in other respects. This animal also
lived in Eocene times.

This remarkable man, of a rigidly demonstrative turn
of mind, when quite young set himself the task of inves-
tigating ““the unknown” in zoology and palazontology
by means of anatomical research. Linnzus and Buffon
had described ¢ the exterior”; Cuvier studied * the
interior,” and found intimate relation between them.
Genius directed his studies, and (like Lavoisier in chemistry)
he founded a new era in natural history.

Whilst pursuing his researches on the anatomy of the
invertebrata, he soon saw that the animal forms he dis-
sected differed from the fossil forms which lay around
him. Palissy and Buffon (in different ages) had noticed
the same, and were declared to be dreamers ; but Cuvier
in his Ossemens Fossiles proved that they were so. His
work in this line established the laws of geology and
palzontology, and upset many of the fanciful theories of
earlier times. As a skilled draughtsman he drew pictures
of the ancient fauna of the world’s history; and even
from a bone, or part of a bone, he ventured to restore the
form of a fossil animal—simply from the correlation of
parts.

In his last great work, the Histoire Naturelle des
Poissons, he deseribed 5000 species of fishes — their

affinities, anatomy, and ancient and modern nomenclature.
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apprehension more than pure intellect, or required the
exercise of fancy, imagination, affection or faith, was dis-
tasteful to Cavendish. An intellectual head thinking, a pair
of wonderfully acute eyes observing, and a pair of very
gkilful hands experimenting, or recording, are all that I
realize in reading his memorials,” wrote his biographer
sixty years ago.

Cavendish was a profound chemist, mathematician,
astronomer, electrician, geologist, and meteorologist ; and
for fifty years he constantly published important papers
in the Philosophical Transactions of the Royal Society.
Priestley and Cavendish were contemporaries. The work
of the former was brilliant and quick; that of the latter
was slow and thorough. Although Cavendish wrote much,
he had an innate dislike to publicity. He published few
papers, destroyed many, and therefore some of his brilliant
researches were lost to science. His dread of popularity,
want of laudable ambition, lack of enthusiasm, and morbid
shyness compelled him to refrain from publishing many
important scientific papers. Will there ever be an adequate
life of Cavendish? Never. This remarkable man of
solitary habits destroyed more papers than he ever pub-
lished. No doubt the world lost much, for as Sir
Humphry Davy said of Cavendish’s researches, “ they were
all of a finished nature, and though many of them were
performed in the very infancy of chemical science, yet their
accuracy and their beauty have remained unimpaired.”
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Cavendish’s residences were in Gower Street and Dean
Street, Soho, but his favourite home was Cavendish
House, Clapham. In the last-mentioned residence (which
was demolished in 1905) most of the rooms were converted
into laboratories, workshops, and observatories. The
author visited Cavendish House and grounds on 9th August
1905, and took several photographs. The house was
situated on the south side of Clapham Common, and
within its walls one of the most remarkable feats of
science was accomplished. Just under the vane (centre
window of the second storey) was a small room in which
Cavendish weighed the earth.

In 1798 he computed its mean density by comparing
the force of terrestrial attraction with that of the attrac-
tion of something of known magnitude and density.
This done, an approximation of the weight of the earth
became possible. The mean of twenty-three experiments
was that the earth weighed 5°45 times that of a globe of
water of equal size—the accepted figure now being 5°50.
This and a vast amount of work was performed within
the walls of Cavendish House, which stood in nine acres
of beautifully timbered land; and here one of England’s
greatest chemists “buried his science and his wealth
in solitude.”

It was in this house that exact quantitative work
on electricity received a great impetus by the researches
of Cavendish. In 1771 he published important contribu-

!
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tions to electrical theory, amongst them being an ingenious

null method by which the law of inverse squares was

- proved to a high degree of accuracy. He also was the

first to make quantitative measurements in electrical

resistance — one of his experiments gave the specific

 resistance of water as four hundred million times that

 of iron.

Cavendish, about 1775, showed that the capacity for

~a condenser depends not only on its geometrical shape
- and dimensions, but also on the dielectric employed, and

that the capacity is greater when solid dielectrics take
the place of air, Cavendish’s results were not published

at the time, and only verbally did his contemporaries

- know anything of his work. Sixty-two years afterwards

Faraday investigated the phenomena of condensers.
In his wildest dreams, however, Cavendish cannot

- have anficipated that in less than a century after his

death a service of electric cars would be passing Cavendish

House. Most likely the recluse would not have liked
the prospect if the idea had oceurred to him, as he hated
“noise and bustle,”

Cavendish lived a life of perfect retirement in Caven-

dish House. Society was a bore to him; he received
no strangers, and held no communication with female
‘servants. His horror of women was extreme. He
ordered his dinner by leaving a note on the hall table

‘every day ; and orders were given that no female servant
3
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leg of mutton.” ¢ But,” said the servant, *that will not
be enough for five.” ¢ Then get two legs,” was his reply.

Another story is told that Cavendish’s banking account
had accumulated to the extent of £80,000, and when his
banker asked whether it should be invested, he replied,
‘““Do what you like with it, but trouble me no more about
it, or I will place my account elsewhere.”

Although a marvellously accurate worker, Cavendish
was not free from bias. Like Priestley, he was a phlo-
gistian, and his chemical papers are written in the jargon
of the school of Stahl. In 1766 he published his first
paper, which was entitled ‘° On Factitious Airs”; but before
this time he wrote two papers: “ Experiments on Arsenic”
and ‘ Experiments on Heat,” which, however, due to his
horror of publicity, were not published until after his
death. In 1788 Cavendish published his famous paper,
“ Experiments on Air,” in which he says: “ As far as the
experiments hitherto published extend, we scarcely know
more of the nature of the phlogisticated part (nitrogen)
of our atmosphere, than that it is not diminished by lime-
water, caustic alkalis, or nitrous air; that it 1s unfit to
support fire, or maintain life in animals; and that its
specific gravity is not much less than that of common air;
so that though the nitrous acid by being united to phlogiston
is converted into air possessed of these properties, and,
consequently, though it was reasonable to suppose that
part at least of the phlogisticated air of the atmosphere
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Shelburne. His lordship, however, punctually paid the
annuity of £150 a year which he had promised.

After leaving Lord Shelburne in 1779, Priestley visited
London, but ultimately settled in Birmingham, having
been appointed Unitarian minister to the Old Meeting
Chapel (no longer in existence—New Street Station is
on the site of Priestley’s chapel). At this time he was
friendly with Watt, Wedgwood, Boulton, Darwin, the
Galtons, and others. Mrs Schimmelpenninck (née Galton)
described Priestley as “a man of admirable simplicity,
gentleness, and kindness of heart, united with great acute-
ness of intellect.”

He resigned his charge in 1791, when his friends raised a
sum annually for him, in order that he might be able to pro-
secute his investigations without the necessity of teaching.
During this period, although he published a vast amount
of chemical work, he could not leave theology, metaphysics,
and politics alone. Sympathizing with the Americans
in the War of Independence, and afterwards with the
French in the Revolution, and his writings and speeches
against the Established Church, brought him into con-
troversy with the clergy of Birmingham. The controversy
was bitter and long. Priestley was regarded as a danger-
ous character, an enemy to Church and State, and even
Burke (1729-97) spoke against him in the House of
Commons. Such was the feeling against dissenters—
“ fomenters of sedition”; but that is far from being the
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the phlogistic doctrine—according to which metals lose
something (phlogiston) when calcinated (dephlogisticated).
The true explanation of combustion (oxidation) and
deoxidation was left for Lavoisier to interpret. Priestley
was the workman, Lavoisier the philosopher. The dis-
covery placed in the latter’s hand became perfect and
in harmony with the universal laws of nature; and a
revolution in chemistry was accomplished exactly corre-
sponding to that effected by Copernicus in astronomy
nearly four hundred years ago.

Priestley seemed ““to look on all ‘airs ’ (gases) as easily
changeable one into the other,” a kind of transmutation.
During his lifetime he examined the burning of candles,
the respiration of animals upon air, the action of living
plants on the air, and invented the pneumatic trough
(and used both water and mercury therein). He pre-
pared nitrous air (nitric oxide) dephlogisticated nitrous
air (nitrous oxide of the dentist), and carbon monoxide.
He used mercury in many of his pneumatic researches,
collected alkaline air (ammonia gas), vitriolic air (SO, gas),
marine acid air (HCl gas), and fluor acid air (SiF,). In
1772 he proved that common air was a mixture. By
burning charcoal in it he obtained fixed air (CO,), which
on absorption left a residual (phlogisticated) air incapable
of supporting either respiration or combustion. Again,
Priestley could not see the importance of his discovery,

namely, that air is a mixture of gases.
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surrounding the parental home was an extremely fine
garden, and in its grounds young Linneus laid the founda-
tion of his subsequent studies. The father’s garden was
noted for being the finest and most variegated in the
district, having as many as four hundred species of
flowers. When quite young, Carl made himself familiar
with the names of trees, plants, and flowers growing in
the neighbourhood.

Until the age of ten Carl was educated by his father,
but in 1717, when Charles XII. of Sweden and others were
intriguing against the Brunswick dynasty in England,
he was sent to his first school at Wexio. He had a fair
elementary education, including Latin. The principal, or
rector, of the school was fond of botany, and he took a
special interest in Linnzus when he discovered that his
new pupll knew all the names of the trees, plants, and
flowers growing in the vicinity of the school. During
his school days at Wexio, Linnsus greatly neglected his
studies, and to such an extent that the tutors complained
to his father. He was so enraptured with botany that
he was compelled to confess to his father that he had no
inclination whatever for the ministry. This was such a
severe blow to the father that without further delay
Carl was apprenticed to a bootmaker. However, this
step caused other onlookers to think that young Linnsus
would waste his time and talents as a bootmaker, so much

80 that Professor Rothmann (professor of medicine in
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the oldest in the world’s history. Each of the classes is
subdivided into two or more orders. Such is an outline
of the system of classification of Linnsus. The system
brings together, for no other purpose than for convenience
of reference, plants dissimilar in structure, habit, and
properties. It is an ‘“artificial system,” such as Linneeus
always intended it to be. It has been superseded by the
“natural system” of De Candolle, which is based on
various natural systems. Linnseus knew the value of a
natural system of classification. He says: “ Methodi natur-
alis fragmenta inquirenda sunt. Primum et ultimum hoe
in botanicis desideratum est. Plantee omnes utrimque
affinitatem monstrant uti territorium in mappi geogra-
phici. . . . Methodus naturalis est ultimus finis botanicis.
. . . Naturalis character ab omni botanico teneatur
oportet.” He left a slight sketch of a natural system ;
but the limited knowledge of genera and species in his
day would have rendered such a system of classification
imperfect and useless. Not so, however, “his artificial
system, which, still marked by the limits that he assigned,
not only offers facilities for forming an acquaintance with
the names of plants, but affords ready means of reference
to any system in which plants are arranged according
to their natural characters.” Although superseded, the
system of Linneus is still useful as an index; and even
the present natural system ‘cannot be regarded as being
perfectly evolved.”  Linnaus established the binomial
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Linneus there was little or no attempt to illuminate
the science of botany from the standpoint of evolution.
Advance, however, in this direction was commenced late
in the Victorian reign.

In 1780 Linnseus was appointed Lecturer on Botany
at Upsala. The vivacity and novelty of his lectures
charmed his audiences, and he was greatly esteemed by
the college authorities.

The Royal Academy of Sciences sent Linnzus to
collect the flora and fauna of Lapland, and on 17th May,
1732, at the age of twenty-five, he started on his ever
memorable journey with only ten pounds. Riding and
walking were the modes of conveyance. Hardships and
difficulties surrounded him ; rivers, bogs, forests, and want
of food, however, did not stop his enthusiasm. ‘ Nothing
ventured, nothing won.” Trees, shrubs, herbs, animals,
mountains, ete., became the objects of his observation and
attention. He used to rest his weary limbs in Laplanders’
huts. It can be well imagined that the journey was a
lonely and perilous one, when it is borne in mind that
Lapland in those days comprised only thirty-two scattered
villages.

Linnseus travelled over four thousand miles, and
brought back to Sweden over a hundred plants previously
unknown. He also studied the fauna and inhabitants of
this inhospitable country; and in 1748 he published a

book on his travels.
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On his return, Linnzus was elected a member of the
Kongliga Svenska Vetenskaps - Academien (Stockholm),
and at once recommenced his lectures; but the demon
jealousy stepped in, by somebody complaining to the
authorities of the college that it was against the charter
of the University that lectures should be given by any
but those who had obtained the full academical degree
of Ph.D. This was a critical and trying time ; but, being
supported by his students, he and they went on a visit to
the mountainous districts of Sweden in order to study
mineralogy and other sciences. At Fahlun he was intro-
duced to Baron Reuterholm, himself a student of nature,
and a man of great influence. He placed his two sons
under Linneeus’ care, and together with a few other young
nobles, all went on a travelling tour.

On their return a little college was established under
the patronage of the baron, and here Linnsmus’' lectures
and the assaying of ores brought him friends as well as
money.

In 1735 he set out for Holland, spent some time at
Leyden, obtained his medical degree, visited Boerhaave,
who gave him a letter of introduction to Burmann, then
professor of botany at Amsterdam; and for some time
he aided the professor in the description of the plants of
Ceylon, which the latter had collected in the island. At
this time Linnmus was introduced by Boerhaave to a

wealthy patron named Cliffort, who spent large sums of
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money in acquiring treasures from all parts of the world,
and, moreover, he was a man who was always imagining
himself ill. Linnseus, who was qualified as a medical man,
and was also a botanist of renown, was recommended as
the very man for Cliffort. Linnzus was offered a home
and an income of 1000 florins a year. Cliffort’s gardens
and hothouses were an El Dorado for Linnseus, and from
this home he wrote and published his Fundamenta
Botanica and Bibliotheca Botanica (1736). Both of
these books established his fame, and attracted attention
in all parts of Europe.

In the same year Linnsus visited England, interview-
ing Sir Hans Sloane, Philip Miller, and other botanists.
After a short stay in England, he returned to Holland,
and then commenced In earnest the system of classifi-
cation which has made his name famous. During the
year 1737 he published six works which diffused the
revolution in botany from his Dutch home at Hartecamp
throughout Kurope. These works, several of which are
classics, are replete in researches and philosophical and
critical doctrines. In Genera Plantarwm he described
935 species of plants, and the much discussed aphorism
“ that the characters do not give the genus, but the genus
gives the characters.”

Linnzeus grasped the fundamental ideas of morphology,
and he referred all the parts of the flower to leaves,

arguing from the numerous transitions that the parts must
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a professorship of botany in one of the universities, but
the offer was declined.

Linnzus visited Leipzig, Saxony, Denmark, and Paris,
and then returned to Stockholm. During his travels he
met many distinguished men, and gained a vast amount
of knowledge which proved useful in after years.

He reached Stockholm in September 1738, after three
and a half years of fatiguing travels and laborious re-
searches. It was only human that he expected honours
and respect would be paid him. But this was not to be—
““a prophet has no honour in his own country.” The
Swedish authorities ridiculed his system and botanical
researches. He was by far too great a revolutionist in
botany even in his young days: and it is a terrible crime
to upset old theories in botany as well as in other sciences.
The great dignitaries in science must first be consulted,
and this Linnzus did not do! Think of poor Hughes
and wireless telegraphy—robbed of his invention by
erroneous but weighty ecriticism. It was nothing short
of a crime ; “la critique est facile, mais l'art est difficile.”

In the same year Linnaus practised as a physician,
and was fortunate enough to attract attention of the
Queen of Sweden and other notable people in the Swedish
capital.

In 1789 he married Elizabeth Morseus, the daughter of
a physician, and at the same time he was elected President
of the Royal Academy. The next year he was appointed
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school of St Bartholomew’s Hospital. —During these
days he was prosector to Abernethy, and in 1826 he
obtained the Diploma of the Royal College of Surgeons.
Having completed his medical studies, he began to practise
as a medical man at 11 Cook’s Court, Lincoln’s Inn
Fields; but from the beginning of his career he was much
more interested in scienfific pursuits than in strictly pro-
fessional duties. In 1828, at the age of twenty-four, and
knowing his great skill as a dissector, Owen was, at the
suggestion of Abernethy, invited to act as assistant curator
of the Hunterian collection in the Museum of the Royal
College of Surgeons, of which Mr William Clift was
curator ; and in the same year he was appointed lecturer
on comparative anatomy at St Bartholomew’s Hospital.
His duties at the Royal College were to catalogue the
great collection of Hunter, whose manuscript had been
lost. The collection meant the examination and deserip-
tion of no less than 3970 specimens. He was equal m
every respect to this great task, as his subsequent genius
proved.

In 1830 Cuvier visited England, and Owen made
his personal acquaintance, and the following year visited
Paris. Cuvier at this time was busy on his great work on
fishes, which made a great impression on Owen, so much
so that he attributed his subsequent work on palzontology
to ‘‘the debt which he owed to Cuvier.”

On 1st August 1831, during his visit to Paris, he went
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hyrax, brachiopoda, cheetah, hornbill, lion, tiger, touraco,
amphibia, ete.

In 1834 Owen was appointed Professor of Comparative
Anatomy at St Bartholomew's Hospital, and elected F.R.S.
On 20th July 1835, on the thirty-firsst anniversary of his
birth, he married Caroline Clift, the daughter of the
curator of the Museum of the Royal College of Surgeons.

In 1836 he was appointed Hunterian Professor at the
Royal College of Surgeons, a position which he held for
nineteen years. He also succeeded his father-in-law at
the Royal College.

So much scientific work was entrusted to him that he
had no time for practice as a medical man. Accordingly,
he gradually withdrew from 1it, and devoted himself
wholly to the labours in which he had already given
evidence of an original and powerful genius. His industry
was untiring, and in every publication he gave fresh proofs
for penetrating insight and a capacity for far-reaching
generalization.

Between 1833-40 he completed, in five volumes, the
catalogue of the specimens in the Hunterian collection ;
and in 1853 appeared in two volumes the catalogue of
the osteological specimens; in 1855, in three volumes,
that of the fossil vertebrates and cephalopods. In 1840-45
he issued Odontography, a work in which he brought
together a vast amount of observations on the structure
of the teeth. Owen’s lectures at the Royal College were
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that of Cuvier's adversaries; but in matters of compara-
tive anatomy and of paleontology his place is next to
his master Cuvier, the founder of these sciences. In
fact, Owen has been called “the British Cuvier” and
lovingly by his friends “Old Bones,” on account of his
vast knowledge of osteology ; and coneerning his book on
The Anatomy and Physiology of the Vertebrates, the late
Sir William Flower called it “the most encyclopadic
work on the subject accomplished by any one individual
since Cuvier’s Legons d’ Anatomie Comparée.”

Minute studies of the bones of living animals enabled
Owen to reconstruct many extinet and fossil forms—
in this respect following in the footsteps of Cuvier. He
reconstructed the Dinornis from a fragment of its femur;
asserting that it belonged to a gigantic wingless bird,
and, moreover, that it was a marrow bone like that of a
mammal, and not a pneumatic one like those of birds;
and, later, the whole skeleton of this bird was brought
from New Zealand, and was exactly like the outline
drawn (from a single bone) by Owen.

In 1849-84 he published his great work, The Haistory
of British Fossil Reptiles, and in 1846 a similar one on
British Fossil Mammalia and Birds. His memoirs on
the gigantic sloth (Mylodon robustus) discovered near
Buenos Ayres, on the giant birds of New Zealand, on
the Archaopteryc macrura, the oldest known reptilian

bird found in the Solenhofen stone of Bavaria, on the
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extinet reptiles of Great Britain, on the fossil belemnites
from the Oxford clay, on the wading land bird Gastornus
Parisiensis, etc., remain well-known classies. In 1877
he published two volumes, Researches on the Fossil
Remains of the Extinct Mammals of Australia, with a
Notice of the Extinct Marsupials of England, and in
1879 two volumes on the Extinet Wingless Birds of New
Zealand ; and even as late as 1889 he published mono-
oraphs on fossil Reptilia and Cetacea. At the age of
eigchty-five we find Owen at work on his favourite
subjects. This certainly upsets Oslerism, or ““too old at
forty ”! And it should be borne in mind that the greatest
philosopher of the nineteenth century, Herbert Spencer,
did not commence writing his volumes on the Synthetic
- Phalosophy until the age of forty.

In addition to the previously-mentioned researches,
by his numerous memoirs on Mesozoic land reptiles, to
which he gave the name of Dinosaurs, and a hundred or
more other pieces of work, Owen did inestimable service
to palseontology.

Owen excelled Cuvier in the accuracy of his work and
in the generalizing spirit which he brought to bear upon
his problems. Erroneous in some of his theories: but
where is the worker who has not made faults? As
Liebig said, “The man who never made a fault never

worked.”

The working out of the structural contrasts between
6
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the Artiodactyl and Perissodactyl Ungulata is representa-
tive of the best morphological work ; and Owen rendered
the greatest service to morphology in 1843 by his clear
definition of analogy and homology—the former being illus-
trated by ““a part or organ in one animal which has the
same function as another part or organ in a different
animal " ; the latter being illustrated by ‘the same organ
in different animals under every variety of form and
function,” 7.e. organs of similar development and structure
are homologous ; organs of similar function are analogous.
The further elaborations of homology, due to the doctrine
of evolution, ete.,, have been worked out by Agassiz,
Bronn, Haeckel, Mivart, Lankester, and others. Owen is
the connecting-link between Cuvier and the present school
of biologists. On the one hand, he was unappreciative
of Darwinism, and on the other, ““really believed in the
derivation of species from one another.” He will always
be remembered, as long as natural history exists, for his
practical work in comparative anatomy and paleontology ;
but many of his philosophical ideas have been superseded
by the work of modern biologists. It was unfortunate that
Owen did not appreciate the work of Darwin and others.
He was unable to accept the theory of the origin of species
by natural selection, but his investigations did much to
prepare the way for the general and rapid acceptance of
Darwin’s theory, since it was felt that there must be some

strictly scientific explanation of the affinities by which
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the career of the latter, arresting his development in certain
directions. This is unfortunately shown in Owen’s atti-
tude towards Darwinism ; he did not accept the doctrine
of the mutability of species, the common descent of every
animal and plant from formless or seemingly structureless
masses of matter which, through an infinite series of
changes, have become modified into the teeming forms
that have flourished or that now flourish on this planet,
which was satirically termed by Voltaire ““le meilleur
des mondes possible,” But if Owen failed to appreciate
the modern doctrine of evolution (he was fifty-five years
old when Darwin’s Origin of Species was issued), he had
published nearly four hundred monographs, books, etc.,
and, like Priestley in another science, could not conscien-
tiously alter his views. His attitude caused bitter resent-
ment in certain quarters. He made, however, solid and
permanently valuable contributions to natural history, and
his ““ monographic work occupies a unique position.”

His work on the anthropoid apes, on the Monotremes
and Marsupials, on the Apteryx, the Great Auk and the
Dodo, on Lepidosiren, on the Cephalopoda, on Limulus,
on the Brachiopoda, and on 7Trichina spiralis, are all of
the highest importance. Likewise his work on Darwin’s
extinet mammal of South America, Toxodon Platensis,
“referable by its dentition to the Rodentia, but with
affinities to the Pachydermata and the herbivorous

(letacea” ; and his other memoirs on the extinet fauna
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In a letter of 14th March 1888, to the author's wife,
Owen wrote :—

Accept my grateful and respectful thanks for the copy of your
interesting “Note on Degenerated Specimens of Tulipa sylvestris.”
If ladies with similar gifts of observation, and equal power of eclear
exposition, would as kindly bestow them, science would benefit more
largely and rapidly than at present. I avail myself of this opportunity
of also thanking your gifted husband for the valuable paper “On the
Problematical Organs of the Invertebrata,” which accompanied your gift.

In 1856 Owen was appointed Superintendent of the
Department of Natural History in the British Museum,
and his acceptance of this office necessitated the severance
of his connection with the Royal College of Surgeons.
The natural history collections at the British Museum
were so extensive, and increasing so rapidly, that urgent
demands for more space had frequently been made, and
Owen took up the question with his usual enthusiasm.
Ultimately the handsome building at South Kensington
was erected, and from 1880 to 1884 Owen was engaged
in superintending the removal of the collection. Owen
could not but look with pride on the splendid result of his
labours. It was the embodiment of what may be called
one of the dreams of his life. Absorbing as his official
duties often were, he did not permit them to stand in the
way of his researches; and during the twenty-seven
years of his connection with the British Museum he made
numerous and valuable contributions to seience.

Altogether he published nearly seven hundred memoirs,
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presence of a genius. Nearly every one of his memoirs
represents a large amount of laborious research, and in the
aggregate they bear ample testimony to the soundness of
that consensus of opinion which stamps Sir Richard Owen
as the greatest palmontologist since Cuvier, and a com-
parative anatomist only second in the immensity and
importance of his labours to Hunter himself.

Owen was a most interesting and charming character ;
was a prodigious and untiring worker; lived a long,
active, public life ; knew nearly everybody who was worth
knowing ; a friend of royalty, and to the earnest worker
““ a guide, philosopher, and friend.”

Devoid of the least superstition, Owen told excellent
ghost stories. These were famous and blood-curdling,
and on many occasions he was particularly requested to
narrate one or more of them. The stories were based on
facts, which made them all the more interesting.

No man, not even Cuvier, has done so much as Owen
to recreate the past, in visiting the * valley of dry bones”
and informing these remains with the strange and weird
life that endowed them; and in restoring in vivid outline
that ancient world when huge ¢dragons of the prime”
wallowed in the basins of the Thames and Seine, and when
in a later age tigers, lions, hywnas and their kin contested
with primitive man the supremacy of the sites where now
London and Paris stand. It is pleasing to contemplate
such pictures of the world’s past. Who, outside scientific
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them): it may easily be imagined how fatal such a
practice was to the graces of elocution. Goethe alludes
to 1t in Foust —

Doch euch des Schreibens ja befleisst
Als dictirt ““euch der Heilig” Geist.

It may be mentioned that many parts of Faust are
unintelligible to the reader who knows nothing of German
university life.

During this period he studied natural science, and
his progress was marked with such success that he was
granted a pension or scholarship by the Grand Duke of
Hesse-Darmstadt, which enabled him to continue his
studies and researches. Liebig went to Paris in 1823,
Having communicated a paper on fulminic acid to the
Académie des Sciences, he was introduced to Alexander
von Humboldt, Gay-Lussac, and other savants then living
in the French capital. Liebig became a pupil in the
laboratory of the famous chemist Gay-Lussac, discoverer
of the law of volume. At the beginning of the nineteenth
century there were only a few chemists in Germany, and
this was the reason that he went to Paris.

In the same year that Liebig went to France, he
began to perfect the method of organic or combustion
analysis. The principle of the method is the one now
nsed for determining the carbon, hydrogen, and oxygen in
organic compounds. The compound is heated with copper
oxide in a glass tube, and the carbon and hydrogen are
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oxidized to carbon dioxide and water, the former being
absorbed by caustic potash, and the latter by calelum
chloride. The method now in use differs from that of
Liebig in only a few particulars, the principal of which
is that gas has superseded charcoal.

In 1824 Liebig returned to Germany, having been ap-
pointed Professor of Chemistry in the University of Giessen
_a seat of learning which he made famous throughout
the world by means of his discoveries and teaching, and
where he attracted students from all parts of Europe.

About this time Liebig gave special study to the
cyanates, which were also being studied by Wdohler.
The two young men became friends, recognized each
others powers, and aided each other in scientific work,
and many papers were published under their jomnt names.
Liebig’s researches were published in Poggendorff's
Annalen ; Liebig's Annalen der Chemie und Pharmacie ;
Handworterbuch der reinen und angewandten Chemae ;
and Jahresbericht der Chemae : in all he published three
hundred papers.

Liebig remained at Giessen for twenty-eight years,
z.e., until 1852, when he accepted the chair of chemistry
in the University of Munich. This was due to the in-
fluence of the King of Bavaria. His fame spread rapidly,
and students filled his laboratory. Great enthusiasm was
evinced at his lectures, and though not a fluent lecturer,

the knowledge he imparted carried away his audience,
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pletely the various tissues of plants. He taught that the
carbonic acid of the atmosphere was the principal source
of the carbon in plants; that their hydrogen came from
water, their nitrogen from ammonia present in the air
and soil. The sulphur, which is an ingredient in the
protoplasm (*“the basis of life”) of living plants, comes
solely from the sulphates and sulphur compounds con-
tained in the soil ; and, finally, that the mineral ingredients
found in the ashes of plants come from the soil in which
they grow.! Liebig further demonstrated that plants
cannot live without these mineral ingredients, and that
the humus of the soil is incapable of forming the sole
nutrient material for plants.

Liebig says in his book (p. 174) :—

Although the quantity of humus in a soil may be increased to a
certain degree by an artificial cultivation, still, in spite of this, there
cannot be the smallest doubt that a soil must gradually lose those of its
constituents which are removed in the seeds, roots, and leaves of the
plants raised upon it. The fertility of a soil cannot remain unimpaired,

unless we replace in it all those substances of which it has been
deprived.

Liebig’s theory was a revolutionary movement on the
accepted ideas of scientific agriculture which dawned at
the commencement of the nineteenth century.

He supported his theory by well-conducted experi-

ments, showing that fields containing an excess of humus

1 See A. B. Griffiths’ Treatise on Manures, and the Spanish transla-
tion of the same work by Eugenio Guallart, under the title of Abonos

(1908).
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has been built up in every civilized country of the globe,
but especially in England.

Liebig, like his own compatriot Heinrich Heine, could
handle the weapon of satire with consummate skill,
attacked England in the following words:  England is
robbing all other countries of the conditions of their
fertility. Already, in her eagerness for bomes, she has
turned up the battlefields of Leipzig and Waterloo, and
of the Crimea; already from the catacombs of Sicily
she has carried away the skeletons of many successive
generations. Annually she removes from the shores of
other countries to her own the manurial equivalent of
three millions and a half of men, whom she takes from
us the means of supporting, and squanders down her
sewers to the sea. Like a vampire she hangs upon the
neck of Europe, nay, of the entire world, and sucks the
heartblood from nations without a thought of justice
towards them, without a shadow of lasting advantage
for herself.”

His work revolutionized agriculture, and made a science
of it. He says in his Famalvar Letters on Chemastry that
“ chemistry leads man into the domain of those latent
forces, whose power controls the whole material world,
and on whose operation is dependent the production of
the most important necessaries of life and society. . . .
No science like chemistry offers to man such a multitude

of subjects for thought and reflection, and such stores
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progress of organic chemistry, which he did; and in the
same year, speaking of radicles, he said that “in mineral
chemistry the radicles are simple ; in organic chemistry
the radicles are compound—voild toute la différence.”

Liebig was not content to merely formulate generaliza-
tions and leave the details of work to others; he brought
his philosophy down to the level of the average mind ;
and by inventing the extractum carmis Liebigis, or
Liebig’s Extract of Meat, he gave to the world an article
of vast importance to the invalid and housewife.

He received most of the honours that are usually
awarded to men of science, such as the Copley medal of
the Royal Society, and the associateship of the Académie
des Sciences (I'Institut de France). He will ever be re-
membered for his work in agricultural chemistry and
combustion analysis, both of which are unique in the
annals of chemistry.

Two years after the Franco-Prussian War and the
reconstitution of the German Empire, Baron Justus von
Liebig died on 18th April 1873, at the age of sixty-nine
years, leaving the products of his genius to aid the
progress of humanity.

He was “ honoured and respected by every student of
science, and loved by each of the band of ardent natures
whom he had trained and set forth to battle for the good
of their race.” As a teacher he was unsurpassed, and a

brave array of great thinkers sprang up as if by magie,
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ance of Lamarck’s view.” Nevertheless, The Principles of
Geology was ““ a work destined to assist in paving the way
for the removal of one difficulty attending the solution of
the theory of the origin of species, namely, the vast period
of time for the life-history of the globe which that theory
demands.” Although at the time, when the book was first
published, its author had other aims in view than those to
which it contributed. Charles Darwin says, in the ninth
chapter of The Origin of Species : “ For my part, following
out Lyell’s metaphor, I look at the geological record as
a history of the world imperfectly kept, and written in a
changing dialect; of this history we possess the last
volume alone, relating only to two or three countries.
Of this volume only here and there a short chapter has
been preserved, and of each page only here and there a
few lines. Bach word of the slowly-changing language,
more or less different in the successive chapters, may
represent the forms of life which are entombed in our
consecutive formations, and which falsely appear to have

been abruptly introduced.”
In The Principles of Geology Lyell followed the

doctrines of geological uniformity and continuity of action
laid down by Hutton, Buffon, and William Smith, and
proved that the various formations of the earth’s crust
were produced by the very same agencies that are still
active in the world. These views were assailed from all

quarters as trifling and insignificant—trifling in attempting

o

[N E RS e LEERE . T RS P S R T S ——















LYELL 111

several valleys in France and England stone implements
of a rude type, showing that man co-existed with the
mammoth and other extinet quadrupeds.” ‘ The alluvial
and marine deposits of the Palwmolithic age, the earliest
to which any vestiges of man have yet been traced back,
belong to a time when the physical geography of Europe
differed in a marked degree from that now prevailing.
. . . Among the general of extinet quadrupeds most
frequently met with in England, France, Germany, and
other parts of Europe, are the elephant, rhinoceros,
hippopotamus, horse, great Irish deer, bear, tiger, and
hyzna,

The first portion of The Antiquity of Man is devoted
to the “ geological memorials of man ”—his bones, imple-
ments, ete., proving that he was an inventive animal even
in these early ages of the world ; the second portion is on
the glacial epoch, and bears strictly on the question whether
primitive man is pre-glacial or post-glacial ; and the
third and final portion treats of the origin of species,”
and “man’s place in nature.”

The book altered public opinion as to the duration
of the human race upon the earth. In the same work,
Lyell threw in his lot with Darwin on the origin of species
by natural selection, although with reservations, for *“he
never wholly accepted the inclusion of man.”

In 1871 Lyell published his Student's Elements of
Gfeology, and in this and his other books, which have
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ing in the city, and afterwards as a private tutor of science
and mathematics. “ As a schoolmaster he began life, as a
schoolmaster he ended it,” but such routine work was not
the sole occupation of his mind—far from it.

His scientific Observations upon the Weather were
begun on 24th March 1787, and continued until the day
before his death (z.e. for over half a century).

In 1794 Dalton was elected a member of the Literary
and Philosophical Society of Manchester, and for fifty
years he spent his time, in a room of the Society's house
in George Street, in teaching, writing, and studying.

His first paper, in 1794, was ‘‘ Extraordinary Facts
relating to the Vision of Colours.” Dalton had a defective
colour sense, which was amusingly confirmed by the
presentation to his mother of a pair of scarlet silk stock-
ings when he was under the impression that they were
drab. On another occasion, when selecting cloth for a
new suit of clothes, he requested a drab material ; a piece
caught his eye, and he remarked that it was just what he
required, but the tailor informed him it was scarlet cloth
for hunting coats.

About this time he published a book on Meteorological
Observations and Essays, recording the conmnection be-
tween the aurora borealis and electricity, on the dew-point,
thermometers, barometers, ete. |

In 1799 he proved that aqueous vapour exists in the
atmosphere. In 1800 he published a paper on the con-
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““was never remarkable for neatness. . . . His bottles
were of every shape, size, and colour, and his apparatus
was of the most humble and inexpensive description. He
often performed experiments at the cost of a few shillings
on which others would spend as many pounds.” What
wonderful results were obtained with such meagre ap-
pliances! It may be asked whether the laboratories
of Lavoisier, Priestley, and Dalton, with their meagre
appliances, produced better work than the luxuriously-
fitted laboratories of to-day. The question is not easily
answered. It must, however, have been simply delightful
to have worked under Lavoisier, Priestley, or Dalton,
each a genius and pioneer in the early days of modern
chemistry. Lavoisier and Dalton were the architects of
a new chemistry—a chemistry which has stood the test
of time, and is of the greatest value to all nations—in
fact, the ““wealth of nations.”

In 1803 Dalton published a paper “ On the Absorption
of Gases by Water and other Liquids.” This memoir had
an important bearing on Henry’s law discovered in the
same year.

The first account of Dalton’s famous atomic theory
appeared in Thomson’s Chemistry in 1807, he having told
Thomson of his experiments and deductions. In 1808
Dalton published his New System of Chemical Philosophy,
in which the theory of atoms was fully expounded ; and
he described experiments directed towards the estimation
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work of savants was done in discovering as exactly as
possible the weights of these atoms. This done, many
laborious attempts were made, with only partial success,
to link the atomic weights with the properties, etc., of
the chemical elements. Newlands, De Chancourtois,
Odling, Gmelin, and others made attempts to formulate
the law, but success was left to the genius of Mendeléeff.
He arranged the elements then known in series, standing
in a sort of arithmetical progression according to their
atomic weights, and chemical and physical properties.
He says in his great work (loc. eit.) that ““even the
physical properties of selenium and its compounds, not
to speak of their composition, determined by the group
in which it occurs, may be foreseen with a close approach
to reality from the properties of sulphur, tellurium, arsenie,
and bromine. In this manner it 18 possible to foretell the
properties of still unknown elements.”

In the series some gaps presented themselves, and so
great was Mendeléeff's confidence in the periodic law,
that he at once predicted the discovery of new elements
to fill these gaps. This was one of the most daring pro-
phecies ever made in science—and in an exact science
too, the science of weighing and measuring—Dbut events
have justified the seeming audacity.

In 1871 the prediction was made that three elements
would be discovered having certain properties to fit into
the gaps of Mendeléeff’s table, and to these undiscovered
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magnetic properties, hydrocarbon radicles, ete.: in fact,
a full list is to be found in the index of the Principles of
Chemastry—a book which gives the views of Mendeléeff
on most subjects. The work has been translated into
nearly all the languages of Europe.

Concerning the element argon discovered by Lord
Rayleigh and Sir William Ramsay, Mendeléeff wrote to
the author on 18/30 March 1895, as follows :—

A mon avis 'argon (molécules) est au N®, formée de I'azote N2 avec
dédagement de chaleur, au A% si A=6'6 de 1™ sérié. La premiére
hypothe¢se est, pour moi, la plus probable, comme j'avais déja com-
muniqué dans la Société Chimique Russe.

When Mendeléeff delivered the Faraday Lecture at the
Royal Institution in 1889, he said : ““ The law of periodicity
enables us to perceive undiscovered elements at a distance,
which formerly were inaccessible to chemical vision;
and long ere they were discovered new elements appeared
before our eyes possessed of a number of well-defined
properties. . . .” Since then argon, helium, neon, xenon,
metargon, krypton, radium, and possibly other forms of
matter have been, and may be, discovered, throwing
wondrous light on the structure of material things, but
by no means invalidating Mendeléeff’s famous periodic
lJaw—that is, as far as we know at the present time. It
is possible that the law may be modified as time rolls
on. The evolution or mutability of the elements may
throw new light on the nature of the chemical element

—_the law of combination in simple proportions, and
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even the law of the conservation of matter (vide the
researches of Curie, Ramsay, Landolt, and others).

In 1902, in a paper entitled “An Attempt towards
a Chemical Conception of the Ether,” he suggested the
existence of two elements having a smaller atomic weight
than that of hydrogen, and forming the first two members
of the zero group, which comprised the chemically in-
active, non-valent gases, helium, neon, argon, xenon, and
kryton ; and the first of these two elements he regarded
as the ether. He suggested that it is an element having
an atomic weight almost incomparably small compared
with hydrogen, incapable of forming compounds, but
possessing the property, owing to its small atomic weight
and extremely high velocity of its atoms, of penetrating
and pervading all other substances, just as argon and
helium enter into and dissolve in water and other liquids,
or hydrogen passes through platinum and palladium.
He thinks that coronium, whose speetrum has been found
in the solar corona, is one of these two elements, and
the ether the other. Of coronium, Mendeléeff says that
“i1t wanders, perhaps for ages, in the regions of space,
breaks from the shackles of the earth, and again comes
within its sphere, but still it cannot escape from the
regions of the sun’s attraction, and there are many
heavenly bodies of greater mass than the sun.”

In 1887 Mendeléeff worked on the nature of solutions,

and he regarded them as “homogeneous liquid systems
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building was called the “Tour de St Louis,” and here
Buffon wrote most of his books and memoirs. Jean
Jacques Rousseau, before he entered the “Tour,” used
to fall on his knees and kiss the threshold, stating that
its possessor was the greatest zoologist of the age, and
a master of style. Prince Henry of Prussia called this
building ““the cradle of natural history.” Here Buffon
wrote and worked for fifty years, frequently offending
the Church by his evolutionary theories, which he re-
tracted in order to please the Sorbonne—the Faculty
of Theology of the University of Paris. In 1751, when
he was forty-four years of age, the Sorbonne condemned
him to retract the heresy which he had made in publish-
ing these words: ““ The waters of the sea have produced
the mountains and valleys of the land; the waters of
the heavens, reducing all to a level, will at last deliver
the whole land over to the sea, and the sea successively
prevailing over the land, will leave dry new continents
like those which we inhabit.” His recantation states
that: “I declare that I had no intention to contradict
the text of Secripture; that I believe most firmly all
therein related about the Creation, both as to order of
time and matter of fact. I abandon everything in my
book respecting the formation of the earth, and generally
all which may be contrary to the narrative of Moses.”

The late Mr W. E. Gladstone, writing to Dr J. A.
Lahm on the latter’s book, Evolution and Dogma, said :
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with the physics and chemistry of his time.  Before
Laplace, he elaborated a hypothesis as to the origin of
the solar system ; before Hutton and Lyell, he realized
the causes like those now at work had, in the long past,
sculptured the earth ; he had a special theory of heredity
not unlike Darwin’s, and a by no means narrow theory
of evolution, in which he recognized the struggle for
existence and the elimination of the unfit (‘the survival
of the fittest’ of Herbert Spencer, and the ‘natural
selection’ of Charles Darwin), the influence of isolation
and of artificial selection, but especially the direct action
of food, climate, and other surrounding influences upon
the organism”: and his writings paved the way for the
doctrine of descent. Buffon saw, with a philosophic eye,
the unity of nature; and no doubt he would have seen
more, and written more, if orthodox ereeds had not stood
in his way. He had always to keep an eye on the
Sorbonne !

Living in the renaissance of science, Buffon was no
believer in the permanent stability of species. He says,
e.q., “the pig does not appear to have been formed upon
an original, special, and perfect plan, since it 18 a com-
pound of other animals; it has evidently useless parts,
or rather parts of which it cannot make any use—toes,
all the bones of which are perfectly formed, and which,
nevertheless, are of no service to it. Nature is far from

subjecting herself to final causes in the formation of her
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myself.” However, he was always willing to hear the
opinions of others, and to admire their work.

In 1733, four years after the death of Jean Gaston,
Grand Duke of Tuscany (the last of the De Médicis),
Buffon was elected a member of the Académie des Sciences.

He greatly improved and enlarged the much neglected
Jardin des Plantes, having been appointed the director,

and continued the work of regeneration begun by Dufay.
In 1744 Buffon published his T%éorie de la Terre,

which was ultimately included in the Histoire Naturelle.
He had similar ideas to those of Laplace and Kant,
namely, that the earth and other planets were thrown off
from the sun in the molten state, and, after cooling, dry
land, seas, mountains, ete., were formed by various agencies
that are slowly working at the present day. Concerning
the place where life began on this planet, he suggested,
in his Epoques de la Nature, the polar regions.

As the globe cooled, those regions would be the first to reach a
temperature under which life is possible. The Comte de Saporta,
whose researches give large support to Buffon’s theory, remarks that
the richest fossil-yielding rocks are found in northern latitudes of
50° to 60° and beyond, and show that as far back as Silurian times the
North Pole was warm enough to maintain life of a tropical character,
and that it was the centre of origin of successive forms down to the
Tertiary epoch; the Miocene flora, which has now to be sought 40°
farther south, being profusely represented. In Carboniferous times a
warm, moist, equable climate prevailed over the whole globe, due, as
De Saporta argues, to arrest of radiation by a highly vaporous aifmﬂm
sphere, and also, perhaps, to the greater diffuseness of the sun’s light

by reason of his larger volume,
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all ages that preceded it. And yet, applied science is
only in the first early dawn of its power.

Berthelot was quite sure that physics and chemistry
would soon solve the problem of aerial navigation, and
he significantly remarked that when they do so * custom-
houses will fall of themselves.” That would be some-
thing like a revolution in the world’s institutions, but
it would be second to the discovery of artificial wheat
and meat.

Although glycerine was discovered by Scheele in 1779,
and its formula established by Pelouze in 1836, it was
not until 1854 that its true composition was known.
This was due to Berthelot, who proved that it is an
alcoholic compound capable of interacting with three
molecules of such acids as acetic and palmitic.

In 1860 Berthelot’s book, Chimie Organique fondée
sur la Synthése, was published. It was the first of its
kind, being based entirely on synthesis. His methods
were simple and direct. By means of the electric spark,
carbon and hydrogen united to form acetylene; or by
the action of electricity on a mixture of hydrogen and
carbon monoxide, the same gas is formed; also by the
action of the spark on a mixture of hydrogen with carbon
disulphide vapour or cyanogen. The conversion of
acetylene into ethylene, and the synthesis of alcohol were
also important reactions. Acetylene polymerizes, under

the influence of the electric spark, into benzene, and
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with only the advantages of a remote country town, his
talent appeared in the earnestness with which he cultivated
at once the most various branches of knowledge and
speculation. He was fond of metaphysics; he was fond
of experiment ; he was an ardent student of Nature; and
he possessed at an early age poetic powers which, had
they been cultivated, would, in the opinion of com-
petent judges, have made him eminent in literature as
he became in science. All these tastes endured through-
out life. DBusiness could not stifie them—even the ap-
proach of death was unable to extinguish them. The
reveries of his boyhood on the sea-worn cliffs of Mount's
Bay may yet be traced in many of the pages dictated
during the last year of his life amidst the ruins of the
Colosseum.”

Davy's first paper, published while at Bristol, was
on heat, light, and respiration. The memoir laid the
foundations of the present dynamical theory of heat.
At this period he showed great abilities, was young,
enthusiastic, energetic, and ambitious. He was bound
to succeed.

While at Dr Beddoes’, Davy was introduced to Samuel
Taylor Coleridge (poet and philosopher) and Robert
Southey (poet, essayist, and historian), and there 1s no
doubt that meeting such men helped to develop his
genius and erudition. Davy was one of the most

remarkable chemists of his or any age. Chemistry in
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copper and zinc). This battery, although non-existent
now, was the means of producing valuable discoveries in
the hands of Gay-Lussac and Thénard.

Davy proved that oxygen was not the acidifying
principle of acids, as stated by Lavoisier: and he led
the way to the ultimate definition of an acid.

In 1803 Davy was elected F.R.S.; in 1807, Secretary
of the Royal Society ; and in 1820, its President. During
these years a vast number of papers were published by
him ; and he published the following books : Elements of
Agricultural Chemistry (1813); Elements of Chemical
Phalosophy ; Salmonia, or Days of Fly-fishing; and
Consolation wn Travels, or the Last Days of a Philo-
sopher (published in 1831, two years after his death).
The last-named book contains some finely written theories
on ethical and moral questions, with descriptions of
Italian scenery.

In his book on Agricultural Chemistry, Davy
says :—

Agricultural chemistry has not yet received a regular and systematic
form. It has been pursued by competent experimenters for a short
time only, . . . I am sure you will receive with indulgence the first
attempt made in this country to illustrate it by a series of experimental
demonstrations. . . . It is evident that the study of agricultural
chemistry ought to be commenced by some general inquiries into the
composition and nature of material bodies, and the law of their changes.
The surface of the earth, the atmosphere, and the water deposited from
it, must either together, or separately, afford all the principles concerned
in vegetation ; and it is only by examining the chemical nature of these
principles that we are capable of discovering what is the food of plants,
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and the manner in which this food is supplied and prepared for their
nourishment. . . . Nothing is more wanting in agriculture than experi-
ments, in which all the circumstances are minutely and scientifically
detailed.

The attractions of society and his early death (he was
only fifty) stopped his work on agricultural chemistry ;
and it was not until 1840, eleven years after Davy’s
death, that Liebig published his ever famous work on the
same subject.

Rumford and Davy proved that heat was not matter,
as had been previously supposed, but a form of energy
—the vis viva of the molecules. But the crowning dis-
coveries of Davy were those necessitating the use of the
electric battery. To Davy, ‘“the electrolysis of every
chemical compound was a new application of the great
law established by Newton: ‘to every action there is

an equal and opposite reaction.”” By means of the elec-
tric battery he decomposed bodies which were generally
regarded as elements or simple bodies.

On 19th October 1807 Davy isolated the metals potas-
sium and sodium by electrolyzing potash and soda. In
the former case, potassium and hydrogen were evolved
at the negative pole, and oxygen at the positive pole of
the battery, When Davy first saw the metallic globules
of potassium, ‘“he could not contain his joy—he actually
bounded about the room in ecstatic delight; and some
little time was required for him to compose himself

sufficiently to continue the experiment.” This was the
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the chloride and iodine of nitrogen are examples of
first-class work ; but they are as nothing to the isola-
tion of the metals of the alkalis and alkaline earths.
The era of Davy has been called the “golden age
of chemistry in this country”; certainly it was most
brilliant, and one never to be forgotten in the history
of science,

Sir Humphry Davy said: “The foundations of
chemical knowledge are observation, experiment, and
analogy. By observation facts are distinctly and minutely
impressed on the mind; by analogy similar facts are
connected ; by experiment new facts are discovered; and
in the progress of knowledge, observation, guided by
analogy, leads to experiment ; and analogy, confirmed by
experiment, becomes scientific truth.”

Sir Humphry Davy “was a somewhat vain and
irritable man, whom early success had made haughty
to his inferiors. Indeed, in the recollections of Fara-
day, who as a young man attended upon him in his
travels, we have a rather disagreeable picture of the
savant who had forgotten the ‘pit out of which he
was digged.””

Later on, however, he appreciated the talents of
Faraday, although he strongly opposed the latter’s nomi-
nation for the fellowship of the Royal Society. Was
he jealous of Faraday’s successes® Davy was never

popular with assistants and colleagues. He was far too
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followed by “Le Perfectionnement des Thermométres
et Barométres,” “ L'Action Capillaire,” “ La Fusion des
Vapeurs,” ete.

In 1804 Gay-Lussac, in conjunction with Alexander
von Humboldt, published an important memoir on the
chemical and physical properties of air taken at an altitude
of 23,000 feet. Ballooning in the early part of the nine-
teenth century was attended with the greatest risks; but
he and Humboldt were intrepid naturalists, and under-
took the investigation of the atmosphere at great heights
—hygrometry, atmospheric electricity, aqueous tension,
atmospheric pressure, etc., were some of the subjects in-
vestigated. Their memoir was published by the Académie
desSciences,and contained the announcement that hydrogen
and oxygen combine to form water in the proportion of
two hundred volumes of hydrogen to one hundred volumes
of oxygen. It was from this discovery that Gay-Lussac
was led to the most important law of volumes, which
he discovered in 1809. This was his chef d'euvre; but
more anon.

Gay-Lassac investigated the nature of volcanic gases
—more particularly hydrochloric acid gas—and *the
vapours that rise from the fumarolles cause the sublima-
tion of the chlorides of iron, copper, lead, and ammonium ;
iron glance and chloride of sodium (the latter often in large
quantities) fill the cavities of recent lava streams and the
fissures of the margin of the crater.” In the Annales de
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Chimie, tome xxii., p. 415, he gave the chemical process
in the formation of specular iron.

In 1809, the same year that he discovered the law of
volumes, Gay-Lussac was elected Professor of Chemistry
at his alma mater—the Hcole Polytechnique, Paris—and
remained at the great military school for twenty-three
years. In 1832 he transferred to the same chair in the
Jardin des Plantes.

In 1823 he published a memoir on the dynamics of
earthquakes, in which he says that “the earth, so many
centuries old, still preserves an internal force, which raises
mountains, overturns cities, and agitates the entire mass.
Most mountains, in issuing from the bosom of the earth,
must have left vast cavities, which have remained empty,
at least unless they have been filled with water and gases.”

The existence of alkaline metals was prophesied by
Lavoisier in 1793 ; and potassium and sodium were dis-
covered by Davy in 1807, by means of the voltaic pile;
and in the following year Gay-Lussac discovered a new
process which yielded both potassium and sodium more
abundantly than the voltaic pile. This was by the action
of white-hot iron on the hydroxides of potassium and
sodium. No doubt the brilliant researches of Davy
stimulated Gay-Lussac and his collaborateur Thénard,
and in their Recherches Physico-Chimiques (1811) are
to be found many remarkable observations on the action

of the voltaic pile which Napoleon had constructed for
12
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Gay-Lussac stated in the Mémoires de la Société
d’' Arcueil, tome ii., p. 207, that “lorsque deux gaz se
combinent, leurs volumes mesurés & la méme température
et & la méme pression sont dans des rapports simples.”
It will be seen that Gay-Lussac anticipated the great law
of Avogadro, although it was left fo the ltalian physicist
to distinguish between the ultimate particles of compounds
and elements—between molecule and atom. As Roscoe
and Schorlemmer say : “The discovery by Gay-Lussac of
the law of volume—combination, together with Avogadro’s
explanation of the law—served no doubt as most valuable
supports of Dalton’s atomic theory ; but the truth of this
latter theory was still further asserted by a discovery made
by Dulong and Petit in 1819. These French chemists
determined the specific heat of thirteen elementary bodies,
and found that the numbers thus obtained, when compared
with the atomic weights of the same bodies, showed that
the specific heats of the several elements are inversely
proportional to their atomic weights; or, in other words,
the atom of each of these elements possesses the same
capacity for heat. Although subsequent research has
shown that this law does not apply in every case, it still
remains a valuable means of controlling the atomic-weight
determinations of many elements.”

Gay-Lussac was the inventor of the tower, known by
his name, in the manufacture of sulphuric acid. Formerly

the nitrous fumes were allowed to escape into the air, but
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now they are utilized according to Gay-Lussac’s method.
This consists in absorbing the vapours by means of
sulphuric acid of a specific gravity—1:76. On treating
this nitrous sulphuric acid with steam, nitrous fumes are
evolved and passed again into the chamber, while the
diluted sulphuric acid is again concentrated.

In 1808 Gay-Lussac and Thénard prepared boron by
decomposing boron trioxide with potassium. They also
prepared boron fluoride by heating together boron trioxide
and calcium fluoride ; and they determined the composition
of boric acid both synthetically and analytically. In
1809 Gay-Lussac discovered the chemical action of light
on a mixture of hydrogen and chlorine; and in 1810, he
and Thénard examined hydrofluoric acid, which had been
discovered by Scheele in 1772. In the same year (1810)
they established the elementary nature of phosphorus, an
important investigation which led to the discovery of the
element’s various allotropes.

In 1814, the year that Napoleon defeated the Prussians
and signed his abdication of the throne of France, Gay-
Lussac and Davy discovered hydriodic acid, and examined
the element iodine which had been previously isolated by
Courtois (1811). Gay-Lussac also examined bromine, and
demonstrated the compound nature of fluor spar.

In 1815 Gay-Lussac made a most important discovery,

namely, that of eyanogen gas; and proved that this gas

habitually imitated the element chlorine in its com-
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and carbon dioxide. His chemical and physical researches
were incessant, and most important discoveries were
made by this indefatigable genius.

Gay-Lussac discovered the monochloride and trichloride
of iodine, and dithionic acid ; and “ by heating sodium in
dry ammonia, Gay-Lussac and Thénard obtained an olive-
green, easily-fusible mass, sodamide, hydrogen being
separated. This substance with water forms sodium
hydroxide and ammonia; with carbon monoxide, it
forms sodium cyanide and water; and with dry hydro-
chloric acid it forms sodium and ammonium chlorides.”

Gay-Lussac also worked on the products of the
explosion of gunpowder in both confined and open spaces.
This was the beginning of the vast province of artillery
science ; and his elaborate and beautiful researches on
the fulminates of silver and mercury were of the highest
order.  Mercury fulminate is prepared by warming
aleohol with nitric acid and mercuric nitrate. It forms
silky, lustrous prisms, which explode with the utmost
violence upon being heated or struck; hence it is ex-
tensively used for percussion caps, dynamite cartridges,
etc. The analogous silver fulminate is still more
explosive.

In 1831 Gay-Lussac was elected a member of the
Chamber of Deputies; and in 1839 he was created a
peer of France by King Louis Philippe. The latter’s
education, it may be remarked, was entrusted to the
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His discovery of the *“law of the retardation ” of electric
currents, and the invention of the mirror galvanometer

and the syphon recorder, rendered submarine telegraphy
possible.

The Atlantic cables of 1858 and 1865 broke, the latter
after a fortnight’s use. This, according to the late Mr
G. H. Smith, was due to strains caused by the “paying
out of the cable from coils instead of from reels. During
the gales encountered by the Agamemnon the upper part
of the main coil shifted, and became a mere shapeless
tangled mass. Kinks were produced, and breakage was
the result.”” Ultimately the cable was laid in 1866, and
Thomson received the honour of knighthood.

He invented a mariner’s adjustable compass (suitable
for iron ships), z.e. the compass was constructed so as
to neutralize the effect of terrestrial magnetism on iron.
The compass was first adopted by the mercantile service,
and afterwards by the Admiralty. At first the Admiralty
would not look at Kelvin's compass! It may be
mentioned that the same authorities resisted the use of
lime-juice for scurvy—and thereby thousands of men
lost their lives !

Among Kelvin’s inventions are his quadrant electro-
meter for measuring minute electric currents, his tide-
predicting machine, his deep-sea sounder, his kilowatt
balance, his multicellular electrostatic voltmeter, etc.

Kelvin patented his inventions, and thereby reaped a

L PSRN R P LA | n












192  BIOGRAPHIES OF SCIENTIFIC MEN

and when thanking the company for the addresses, he
remarked :—

You heap coals of fire on my head ; you reward me for having
enjoyed for fifty years the privilege of spending my time in the work
most congenial to me, and in the happiest of surroundings. You could
not do more for me if I had spent my life in hardships and dangers,
fighting for my country, or struggling to do good among masses of our

population, or working for the benefit of the people in public duty
voluntarily accepted.

I feel profoundly grateful; but when I think how infinitely little
is all that I have done, I cannot feel pride—I only see the great kind-
ness of my scientific comrades, and of my friends in crediting me with
too much. One word characterizes the most strenuous of the efforts
for the advancement of science that I have made during fifty-five
years, and that word is fatlure. I know no more of electric and
magnetic force, or of the relations between ether, electricity, and ponder-
able matter, or of chemical affinity, than I knew and tried to teach
fifty years ago in my first session as professor. Something of sadness
must come of failure ; but in the pursuit of science inborn necessity to
make the effort brings with it much of the “certaminus gaudia,” and
saves the naturalist from being wholly miserable, perhaps enables him
to be fairly happy in his daily work. And what splendid compensations
for philosophic failures have we had in the admirable discoveries by
observation and experiment of the properties of matter, and in the
exquisitely beneficent applications of science to the use of mankind,
with which these fifty years have so abounded.

Two lessons are derived from the life-work of such a
man as Lord Kelvin. The theoretical speculations of the
philosopher, and the practical inventions of the scientist.
Science must, however, in the main be directed to the
actual service of man in his daily life. Science largely
determines national prosperity ; and in this respect Lord
Kelvin’s inventions are of the highest order of usefulness.
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elements of this world to be distributed as they are and
in such proportions? Why gold rarer than iron, and
iwron than clay? Why the optical rotation of life-com-
pounds (such as tartaric acid, lactic acid, etc.), and not
of the synthetical acids? Why a globe adapted not
merely in the quality of its materials but in their quantity
and distribution to the wants of living beings and to
their evolution? Kelvin answered firmly and unwaver-
ingly : “Because all living things depend on one ever-
acting Creator and Ruler.”

Lord Kelvin had a limp, which was due to his early
enthusiasm for curling. He had the misfortune to break
his leg twice on the ice, and a third time it had to be

rebroken in order to make a better setting.

The Manchester philosopher Joule had investigated the
phenomena attending the evolution of heat during the
passage of a current through an electrolyte, and it was
proved that the total quantity of heat could be separated
into two parts. ‘“One part was expressible as the result
of overcoming ordinary resistance, and the other part
was due to chemical changes in the cell. He then de-
termined the quantity of heat evolved, during a given
time, in a process of electrolysis by a current of given
strength ; then, by applying Ohm’s law, and the law
stated connecting heat with resistance and current, he
found the heat which would have been evolved, had a
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and the motion of these electrons, under the influence of
electrostatic force, must contribute to the electric con-
ductivity of the gas; must, in fact, constitute all of it
which was not due to transport of atoms of the gas
carrying less than the neutralizing quantum of electrons.
Thus every substance must possess radio-activity,! said
Lord Kelvin. Some interesting remarks would be found
in the Philosophical Magazine, where it was pointed out
that radium was three hundred million times more active
than the most active common material yet experimented
with.

How was this enormous radio-activity of radium to
be accounted for? Lord Kelvin suggested that it might
be because it was exceedingly polyelectronic; that the
saturating quantum of electrons in an atom of radium
might be hundreds or thousands or millions of times as
many as those of atoms of ordinary material. But this
left the mystery of radium untouched—Curie’s discovery
that it perpetually emitted heat at a rate of about 90
Centigrade calories per gramme per hour. If emission of
heat at this rate went on for little more than a year, or,
say, ten thousand hours, there was as much heat as would
raise the temperature of 900,000 grammes of water 1° C.
It seemed to Lord Kelvin utterly impossible that this

1 Even the pigment of Micrococcus glutinis is radio-active ; and also
the chromoplastids of Helianthus, Verbena, and Geranium. (See
A. B. Griffiths’ papers in Chemical News, vol. xci. p. 97 ; Berichie der
deutschen chemischen Gesellschaft, vol, xxxvi,, p. 3959.)







































