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A H STORY OF SClI ENCE

BOOK 111

MODERN DEVELOPMENT OF THE PHYSI CAL

SCI ENCES

Wth the present book we enter the field of the
distinctively nodern. There is no precise date

at which we take up each of the successive stories,

but the main sweep of devel opment has to do in each
case with the nineteenth century. We shall see at

once that this is a tinme both of rapid progress and of
great differentiation. W have heard al nbst not hi ng
hitherto of such sciences as pal eontol ogy, geol ogy, and
nmet eor ol ogy, each of which now demands full attention
Meanti me, astronony and what the workers of the

el der day called natural philosophy become wonderful ly
diversified and present nunerous phases that

woul d have been startling enough to the star-gazers

and phil osophers of the earlier epoch.

Thus, for exanple, in the field of astronomy, Hersche
is able, thanks to his perfected tel escope, to discover
a new planet and then to reach out into the

dept hs of space and gain such know edge of stars and
nebul ae as hitherto no one had nore than dreamed of.
Then, in rapid sequence, a whole coterie of hitherto

unsuspected mnor planets is discovered, stellar distances
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are nmeasured, sonme memnmbers of the starry

gal axy are tinmed in their flight, the direction of novenent
of the solar systemitself is investigated, the
spectroscope reveals the chem cal conposition even of

suns that are unthinkably distant, and a tangible

theory is grasped of the universal cycle which includes

the birth and death of worl ds.

Simlarly the new studies of the earth's surface revea
secrets of planetary formation hitherto quite inscrutable.
It beconmes known that the strata of the

earth's surface have been form ng throughout untold
ages, and that successive populations differing utterly
from one anot her have peopled the earth in different

geol ogi cal epochs. The entire point of view of thoughtfu
men becomes changed in contenplating the history

of the world in which we |ive--albeit the newest

t hought harks back to sone extent to those days

when the inspired thinkers of early G eece dreaned

out the wonderful theories with which our earlier

chapters have made our readers famliar

In the region of natural philosophy progress is no

| ess pronounced and no |less striking. It suffices here,
however, by way of anticipation, sinply to nane the
greatest generalization of the century in physica

sci ence--the doctrine of the conservation of energy.
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THE SUCCESSORS OF NEWION | N ASTRONOWY

HEVELI US AND HALLEY

STRANGELY enough, the decade inmediately follow ng

Newt on was one of conparative barrenness

in scientific progress, the early years of the eighteenth
century not being as productive of great astronomers

as the later years of the seventeenth, or, for

that matter, as the later years of the eighteenth century
itself. Several of the prom nent astrononers of

the |l ater seventeenth century lived on into the opening
years of the follow ng century, however, and the

younger generation soon devel oped a coterie of
astrononers, anmong whom Eul er, Lagrange, Lapl ace,

and Herschel, as we shall see, were to acconplish great

things in this field before the century cl osed.

One of the great seventeenth-century astronomers,

who died just before the close of the century, was
Johannes Hevelius (1611-1687), of Dantzig, who advanced
astronony by his accurate description of the

face and the spots of the nmobon. But he is renmenbered

al so for having retarded progress by his influence

in refusing to use telescopic sights in his observations,
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preferring until his death the plain sights |ong

before discarded by nobst other astrononers. The

advant ages of these tel escope sights have been discussed
under the article treating of Robert Hooke, but

no such advantages were ever recogni zed by Heveli us.

So great was Hevelius's reputation as an astronomer

that his refusal to recognize the advantage of the tel escope
si ghts caused many astrononmers to hesitate before
accepting themas superior to the plain; and even

t he fanous Hall ey, of whom we shall speak further in

a nonent, was sufficiently in doubt over the matter

to pay the aged astrononmer a visit to test his skill in
using the old-style sights. Side by side, Hevelius and
Hal | ey made their observations, Hevelius with his old
instrument and Halley with the new. The results

showed slightly in the younger man's favor, but not
enough to nmake it an entirely convincing denonstration.
The expl anation of this, however, did not lie in

the lack of superiority of the tel escopic instrunent,
but rather in the marvellous skill of the aged Heveli us,
whose dexterity al nbst conpensated for the defect of

his instrument. What he m ght have acconpli shed

coul d he have been induced to adopt the tel escope can

only be surm sed.

Hal l ey hinself was by no neans a tyro in nmatters

astrononmical at that tinme. As the only son of a

weal t hy soap-boiler living near London, he had been
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given a liberal education, and even before | eaving college
made such novel scientific observations as that of

the change in the variation of the conpass. At nineteen
years of age he di scovered a new nethod of deternining

the el ements of the planetary orbits which

was a distinct inmprovenment over the old. The year
following he sailed for the Island of St, Hel ena to make

observations of the heavens in the southern hem sphere.

It was while in St. Helena that Halley made his

famous observation of the transit of Mercury over the
sun's disk, this observation being connected, indirectly

at least, with his discovery of a method of deternining
the parallax of the planets. By parall ax

is meant the apparent change in the position of an object,
due really to a change in the position of the observer.
Thus, if we inmmgi ne two astrononers neking

observations of the sun from opposite sides of the

earth at the sane tine, it is obvious that to these
observers the sun will appear to be at two different

points in the sky. Half the angle neasuring this difference
woul d be known as the sun's parallax. This

woul d depend, then, upon the distance of the earth
fromthe sun and the length of the earth's radius.

Since the actual length of this radius has been determ ned,
the paral |l ax of any heavenly body enabl es

the astronomer to determne its exact distance.

The paral |l axes can be determ ned equally well, however,
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if two observers are separated by exactly known

di stances, several hundreds or thousands of mles apart.
In the case of a transit of Venus across the sun's disk,
for exanple, an observer at New York notes the inmage

of the planet nmoving across the sun's disk, and notes

al so the exact tinme of this observation. In the same
manner an observer at London makes simnilar observations.
Knowi ng the di stance between New York

and London, and the different tinme of the passage, it is
thus possible to calculate the difference of the parall axes
of the sun and a planet crossing its disk. The

i dea of thus determning the parallax of the planets
originated, or at |east was devel oped, by Halley, and
fromthis phenonmenon he thought it possible to conclude
the di nensions of all the planetary orbits. As

we shall see further on, his views were found to be

correct by later astrononers.

In 1721 Hall ey succeeded Fl ansteed as astronomer

royal at the Greenwi ch Cbservatory. Although sixty-

four years of age at that time his activity in astronony
conti nued unabated for another score of years. At
Greenwi ch he undertook sone tedi ous observations

of the noon, and during those observations was first

to detect the acceleration of nean notion. He was

unable to explain this, however, and it renmined for

Lapl ace in the closing years of the century to do so,

as we shall see later.
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Hal | ey’ s book, the Synopsis Astronom ae Coneticae,

is one of the nost val uable additions to astrononica
literature since the tine of Kepler. He was first to
attenpt the calculation of the orbit of a conmet, having
revived the ancient opinion that comets belong to the

sol ar system noving in eccentric orbits round the sun
and his calculation of the orbit of the comet of 1682 |ed
himto predict correctly the return of that conet in

1758. Halley's Study of Meteors.

Li ke other astrononers of his tine be was greatly
puzzl ed over the well-known phenonena of shooting-
stars, or neteors, making many observations hinself,
and exami ning carefully the observations of other
astrononers. In 1714 he gave his views as to the
origin and conposition of these nysterious visitors
in the earth's atnosphere. As this subject will be
again referred to in a later chapter, Halley's views,
representing the nost advanced views of his age, are
of interest.

"The theory of the air seeneth at present," he says,
"to be perfectly well understood, and the differing
densities thereof at all altitudes; for supposing the
same air to occupy spaces reciprocally proportional to
the quantity of the superior or incunmbent air, | have

el sewhere proved that at forty mles high the air is

rarer than at the surface of the earth at three thousand
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times; and that the utnost height of the atnosphere,
which reflects light in the Crepusculum is not fully
forty-five mles, notwithstanding which "tis stil
mani f est that sone sort of vapors, and those in no

smal | quantity, arise nearly to that height. An instance
of this may be given in the great |ight the

soci ety had an account of (vide Transact. Sep., 1676)
fromDr. Wallis, which was seen in very distant counties
al nrost over all the south part of England. O

whi ch though the doctor could not get so particular a
relation as was requisite to determ ne the height thereof,
yet fromthe distant places it was seen in, it could

not but be very many mles high

"So |ikewi se that neteor which was seen in 1708, on

the 31st of July, between nine and ten o' clock at night,

was evidently between forty and fifty mles perpendicularly

hi gh, and as near as | can gather, over Shereness

and the buoy on the Nore. For it was seen at London

nmovi ng horizontally fromeast by north to east by

south at least fifty degrees high, and at Redgrove, in
Suffol k, on the Yarnmouth road, about twenty mles
fromthe east coast of England, and at |east forty niles
to the eastward of London, it appeared a little to the
westward of the south, suppose south by west, and

was seen about thirty degrees high, sliding obliquely
downward. | was shown in both places the situation

t hereof, which was as described, but could wi sh sone
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person skilled in astrononical matters bad seen it,

that we m ght pronounce concerning its height with

nore certainty. Yet, as it is, we may securely concl ude
that it was not many nore nmles westerly than Redgrove,
which, as | said before, is about forty mles nore
easterly than London. Suppose it, therefore, where

per pendi cul ar, to have been thirty-five nmles east from
London, and by the altitude it appeared at in London--
viz., fifty degrees, its tangent will be forty-two mles,
for the height of the neteor above the surface of the
earth; which also is rather of the |east, because the
altitude of the place shown ne is rather nore than

|l ess than fifty degrees; and the |like nay be concl uded
fromthe altitude it appeared in at Redgrove, near
seventy mles distant. Though at this very great

di stance, it appeared to nmove with an incredible
velocity, darting, in a very few seconds of tine, for
about twelve degrees of a great circle fromnorth to
south, being very bright at its first appearance; and

it died anay at the east of its course, |eaving for sone
time a pale whiteness in the place, with some renains

of it in the track where it had gone; but no hissing
sound as it passed, or bounce of an expl osion were

hear d.

"It may deserve the honorable society's thoughts,
how so great a quantity of vapor should be raised to
the top of the atnosphere, and there collected, so

as upon its ascension or otherwise illumnation, to
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give a light to a circle of above one hundred niles

di ameter, not nmuch inferior to the |ight of the noon;
so as one mght see to take a pin fromthe ground in
the otherwi se dark night. 'Tis hard to concei ve what
sort of exhal ations should rise fromthe earth, either
by the action of the sun or subterranean heat, so as to
surmount the extreme cold and rareness of the air in
those upper regions: but the fact is indisputable, and

therefore requires a solution."

From this nuch of the paper it appears that there

was a general belief that this burning mass was

heat ed vapor thrown off fromthe earth in sone

nmysteri ous manner, yet this is unsatisfactory to Hall ey,
for after citing various other neteors that

have appeared within his know edge, he goes on to

say:

"What sort of substance it nust be, that could

be so inpelled and ignited at the same tinme; there
bei ng no Vul cano or other Spiracul um of subterraneous
fire in the northeast parts of the world, that

we ever yet heard of, from whence it m ght be projected

"I have nmuch considered this appearance, and think
it one of the hardest things to account for that | have
yet net with in the phenonena of neteors, and | am

i nduced to think that it nust be sone collection of
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matter formed in the aether, as it were, by sone
fortuitous concourse of atons, and that the earth net
with it as it passed along in its orb, then but newy
formed, and before it had conceived any great inpetus
of descent towards the sun. For the direction of it

was exactly opposite to that of the earth, which nmade
an angle with the nmeridian at that tinme of sixty-seven
gr., that is, its course was from west southwest to east
nort heast, wherefore the nmeteor seemed to nove the
contrary way. And besides falling into the power of

the earth's gravity, and losing its nmotion fromthe
opposition of the nedium it seens that it descended
towards the earth, and was extinguished in the
Tyrrhene Sea, to the west southwest of Leghorn. The
great bl ow being heard upon its first imrersion into
the water, and the rattling like the driving of a cart
over stones being what succeeded upon its quenching;
something like this is always heard upon quenching a
very hot iron in water. These facts being past dispute,
I would be glad to have the opinion of the |earned thereon
and what objection can be reasonably made agai nst

t he above hypot hesis, which | hunmbly submit to their

censure."[1]

These few paragraphs, com ng as they do froma

| eadi ng ei ghteenth-century astrononer, convey nore
clearly than any comment the actual state of the
net eorol ogi cal learning at that tine. That this bal

of fire, rushing "at a greater velocity than the sw ftest
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cannon-ball,"” was sinply a mass of heated rock passing

t hrough our atnosphere, did not occur to him or at

| east was not credited. Nor is this surprising when we
reflect that at that time universal gravitation had been
but recently discovered; heat had not as yet been
recogni zed as sinply a formof notion; and thunder

and |ightning were unexpl ai ned nysteries, not to be
expl ai ned for another three-quarters of a century.

In the chapter on neteorol ogy we shall see how the

solution of this nystery that puzzled Halley and his

associates all their lives was finally attained.

BRADLEY AND THE ABERRATI ON OF LI GHT

Hal | ey was succeeded as astrononer royal by a man
whose useful additions to the science were not to

be recogni zed or appreciated fully until brought to
light by the Prussian astronomer Bessel early in the
ni neteenth century. This was Dr. Janes Bradl ey, an

eccl esi astic, who ranks as one of the npst em nent

astrononers of the eighteenth century. Hi s nost remarkable

di scovery was the explanation of a peculiar

noti on of the pole-star, first observed, but not expl ained,

by Picard a century before. For nmany years a
sati sfactory explanati on was sought unsuccessfully by
Bradl ey and his fell owastrononers, but at |ast he was

able to denonstrate that the stary Draconis, on which
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he was maki ng his observations, described, or appeared
to describe, a small ellipse. If this observati on was
correct, it afforded a nmeans of conputing the aberration
of any star at all tinmes. The explanation of the

physi cal cause of this aberration, as Bradl ey thought,
and afterwards denonstrated, was the result of the
conbi nati on of the notion of |light with the annua
notion of the earth. Bradley first fornulated this
theory in 1728, but it was not until 1748--twenty years
of continuous struggl e and observation by him-that he
was prepared to communi cate the results of his efforts
to the Royal Society. This remarkabl e paper is

t hought by the Frenchman, Del anbre, to entitle its
author to a place in science beside such astrononmers as

Hi ppar cbus and Kepl er.

Bradley's studies led himto discover also the libratory
notion of the earth's axis. "As this appearance

of g Draconis. indicated a dimnution of the

inclination of the earth's axis to the plane of the
ecliptic," he says; "and as several astrononers have
supposed THAT inclination to dimnish regularly; if this
phenonmenon depended upon such a cause, and anpunted

to 18" in nine years, the obliquity of the ecliptic
woul d, at that rate, alter a whole minute in thirty
years; which is nmuch faster than any observati ons,

bef ore made, would allow. | had reason, therefore, to
think that sonme part of this notion at the least, if not

t he whol e, was owing to the nmoon's action upon the
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equatorial parts of the earth; which, | conceived, m ght
cause a libratory notion of the earth's axis. But as |

was unable to judge, fromonly nine years observations,

whet her the axis would entirely recover the sane

position that it had in the year 1727, | found it

necessary to continue ny observations through a

whol e period of the noon's nodes; at the end of

which | had the satisfaction to see, that the stars,
returned into the sanme position again; as if there had

been no alteration at all in the inclination of the earth's
axis; which fully convinced nme that | had guessed

rightly as to the cause of the phenonena. This circunstance
proves |ikewi se, that if there be a gradua

di minution of the obliquity of the ecliptic, it does not
arise only froman alteration in the position of the
earth's axis, but rather from sone change in the plane

of the ecliptic itself; because the stars, at the end of the
period of the noon's nodes, appeared in the sane

pl aces, with respect to the equator, as they ought to

have done, if the earth's axis had retai ned the sanme

inclination to an invariable plane."[2]

FRENCH ASTRONOMERS

Meanwhi | e, astrononers across the channel were by

no neans idle. In France several successful observers

were maki ng many additions to the already long list
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of observations of the first astrononmer of the Roya
Qoservatory of Paris, Dominic Cassini (1625-1712),
whose reputation anong his contenporari es was

much greater than anong succeedi ng generations of
astrononers. Perhaps the nost deserving of these
successors was Nicolas Louis de Lacaille (1713-1762),

a theol ogi an who had been educated at the expense

of the Duke of Bourbon, and who, soon after conpleting
his clerical studies, came under the patronage

of Cassini, whose attention had been called to the
young man's interest in the sciences. One of Lacaille's
first under-takings was the reneasuring of the French
are of the neridian, which had been incorrectly measured
by his patron in 1684. This was begun in 1739,

and occupied himfor two years before successfully
conpleted. As a reward, however, he was admitted

to the acadeny and appoi nted mat henmati cal professor

in Mazarin Col |l ege.

In 1751 he went to the Cape of Good Hope for the

pur pose of determ ning the sun's parallax by observations
of the parallaxes of Mars and Venus, and incidentally

to make observations on the other southern

hem sphere stars. The results of this undertaking

were nmost successful, and were given in his Coel um
australe stelligerum etc., published in 1763. In this he
shows that in the course of a single year he had observed
sonme ten thousand stars, and conputed the

pl aces of one thousand nine hundred and forty-two of
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them neasured a degree of the neridian, and nmade

many observations of the noon--productive industry
seldom equal led in a single year in any field. These
observations were of great service to the astrononers,
as they afforded the opportunity of conparing the stars
of the southern hem sphere with those of the northern,
whi ch were being observed sinultaneously by Lel ande

at Berlin.

Lacaille's observations foll owed cl osely upon the
determ nati on of an absorbi ng questi on which occupied
the attention of the astronomers in the

early part of the century. This question was as

to the shape of the earth--whether it was actually
flattened at the poles. To settle this question once
for all the Acadeny of Sciences decided to nake the
actual neasurenent of the |ength of two degrees, one
as near the pole as possible, the other at the equator.
Accordingly, three astrononmers, Godin, Bouguer, and
La Condam ne, made the journey to a spot on the
equator in Peru, while four astrononmers, Canus,

Cl ai raut, Maupertuis, and Lenonnier, made a voyage

to a place selected in Lapland. The result of these
expedi tions was the determ nation that the gl obe is

obl ately spheroi dal

A great contenporary and fellow countryman of

Lacaill e was Jean Le Rond d' Al embert (1717-1783),
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who, although not primarily an astrononer, did so nuch
with his mathematical calculations to aid that science
that his nanme is closely connected with its progress
during the eighteenth century. D Al enbert, who

becane one of the best-known men of science of

hi s day, and whose services were eagerly sought

by the rulers of Europe, began |life as a foundling,
havi ng been exposed in one of the markets of

Paris. The sickly infant was adopted and cared for

in the famly of a poor glazier, and treated as a nenber
of the famly. In |ater years, however, after the
foundl i ng had becone fanmous throughout Europe, his

not her, Madane Tencin, sent for him and acknow edged
her relationship. It is nmore than |ikely that

the great phil osopher believed her story, but if so he
did not allow her the satisfaction of knowi ng his belief,

decl aring always that Madane Tencin could "not
be nearer than a step-nmother to him since his nother

was the wife of the glazier."

D Al enbert did nuch for the cause of science by his
exanple as well as by his discoveries. By living a

pl ai n but honest |ife, declining magnificent offers of
positions fromroyal patrons, at the same tine refusing
to grovel before nobility, he set a worthy exanple to
ot her phil osophers whose cringing and pusill ani nous
attitude towards persons of wealth or position had
hitherto earned themthe contenpt of the upper

cl asses.
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H's direct additions to astronony are several, anpng
others the deternmination of the nmutation of the axis

of the earth. He also determined the ratio of the attractive
forces of the sun and noon, which he found

to be about as seven to three. Fromthis he reached

the conclusion that the earth nust be seventy tines
greater than the nmoon. The first two volunes of his
Researches on the Systens of the World, published in
1754, are largely devoted to mathematical and astronom ca
probl enms, many of themof little inportance

now, but of great interest to astrononers at that

time.

Anot her great contenporary of D Al enmbert, whose

name is closely associated and frequently confounded
with his, was Jean Baptiste Joseph Del anbre (1749-
1822). Mre fortunate in birth as also in his educationa
advant ages, Del anbre as a youth began his

studi es under the celebrated poet Delille. Later he was
obliged to struggl e agai nst poverty, supporting hinself
for a tine by naking translations fromlLatin, G eek,
Italian, and English, and acting as tutor in private
fam lies. The turning-point of his fortune canme when
the attention of Lalande was called to the young man

by his remarkabl e nmenory, and Lal ande soon showed

his admiration by giving Delanbre certain difficult

astrononi cal problems to solve. By perform ng these
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tasks successfully his future as an astrononer becane
assured. At that tinme the planet Uranus had

just been discovered by Herschel, and the Acadeny

of Sciences offered as the subject for one of

its prizes the determ nation of the planet's orbit.
Del anbre nmade this determni nation and won the

prize--a feat that brought himat once into prom nence.

By his witings he probably did as nmuch towards

perfecting nodern astronomy as any one man. Hi s

Hi story of Astronony is not nerely a narrative of progress
of astrononmy but a conplete abstract of all the

cel ebrated works witten on the subject. Thus he

becane fanpus as an historian as well as an astrononer.

LEONARD EULER

Still another contemporary of D Al enmbert and Del anbre,

and somewhat ol der than either of them was

Leonard Euler (1707-1783), of Basel, whose fanme as a

phi | osopher equals that of either of the great Frenchnen.
He is of particular interest here in his capacity

of astrononer, but astronony was only one of the

many fields of science in which he shone. Surely sonething
out of the ordinary was to be expected of the

man who coul d "repeat the AEneid of Virgil fromthe
beginning to the end wi thout hesitation, and indicate

the first and last line of every page of the edition which
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he used."” Somet hi ng was expected, and he fulfilled

t hese expectations.

In early life he devoted hinself to the study of

t heol ogy and the Oriental |anguages, at the request of
his father, but his |love of mathematics proved too
strong, and, with his father's consent, he finally gave
up his classical studies and turned to his favorite
study, geonetry. In 1727 he was invited by Catharine

I. to reside in St. Petersburg, and on accepting

this invitation he was nade an associ ate of the Acadeny
of Sciences. Alittle |ater he was made professor

of physics, and in 1733 professor of mathematics. In
1735 he solved a problemin three days which sone

of the em nent mathematicians woul d not undertake

under several nonths. In 1741 Frederick the G eat
invited himto Berlin, where he soon became a nenber

of the Acadeny of Sciences and professor of mathematics; but in
1766 he returned to St. Petersburg.

Towards the close of his |life be becanme virtually blind,
being obliged to dictate his thoughts, sonmetines to
persons entirely ignorant of the subject in hand.
Neverthel ess, his remarkable menory, still further
hei ght ened by his blindness, enabled himto carry out

the el aborate conputations frequently invol ved.

Euler's first nmenoir, transmitted to the Acadeny of

Sci ences of Paris in 1747, was on the planetary perturbations.
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This memoir carried off the prize that

had been offered for the analytical theory of the notions
of Jupiter and Saturn. Other nenoirs foll owed,

one in 1749 and another in 1750, with further expansions
of the sane subject. As sone slight errors were

found in these, such as a mistake in sone of the fornul ae
expressing the secular and periodic inequalities,

the academy proposed the sanme subject for the prize

of 1752. Eul er again conpeted, and won this prize

al so. The contents of this menmoir laid the foundation

for the subsequent denonstration of the pernmanent
stability of the planetary system by Lapl ace and

Lagr ange.

It was Eul er also who denonstrated that within

certain fixed limts the eccentricities and places of the
aphelia of Saturn and Jupiter are subject to constant
variation, and he calculated that after a | apse of about
thirty thousand years the elenents of the orbits of

these two planets recover their original values.

THE PROGRESS OF MODERN ASTRONOWY

A NEW epoch in astronomy begins with the work

of WIlliam Herschel, the Hanoverian, whom Engl and

Get any book for free on: www.Abika.com

28



History of Science

made hers by adoption. He was a man with a

positive genius for sidereal discovery. At first a mere
amat eur in astronony, he snatched time fromhis

duties as nusic-teacher to grind hima tel escopic mrror
and began gazing at the stars. Not content with

his first tel escope, he made another and another, and

he had such genius for the work that he soon possessed

a better instrunent than was ever made before. His
patience in grinding the curved reflective surface was
monunent al . Sonetimes for sixteen hours together

he must wal k steadily about the mrror, polishing it,

Wi t hout once renoving his hands. Meantinme his sister

al ways his chief lieutenant, cheered himw th her presence,
and fromtine to time put food into his nouth.

The tel escope conpleted, the astronomer turned night
into day, and from sunset to sunrise, year in and year
out, swept the heavens unceasingly, unless prevented

by clouds or the brightness of the moon. His sister

sat always at his side, recording his observations.

They were in the open air, perched high at the nouth of
the reflector, and sonmetines it was so cold that the ink
froze in the bottle in Caroline Herschel's hand; but the
two enthusiasts hardly noticed a thing so comon-pl ace as

terrestrial weather. They were living in distant worlds.
The results? What could they be? Such ent husi asm

woul d nove mountains. But, after all, the noving

of nountains seens a liliputian task conpared
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wi th what Herschel really did with those wonderfu

tel escopes. He noved worlds, stars, a universe--

even, if you please, a galaxy of universes; at |east he
proved that they nove, which seens scarcely | ess wonderful
and he expanded the cosnpbs, as man concei ves

it, to thousands of tinmes the dinmensions it had before.
As a mere beginning, he doubled the dianeter of the

sol ar system by observing the great outlying planet

whi ch we now call Uranus, but which he christened

Geor gi um Sidus, in honor of his sovereign, and which
his French contenporaries, not relishing that name,

preferred to call Herschel

This discovery was but a trifle conpared with what
Herschel did later on, but it gave himworl d-w de reputation
none the | ess. Conets and noons aside, this

was the first addition to the solar systemthat had been
made within historic tines, and it created a veritable
furor of popular interest and enthusiasm Incidentally
King George was flattered at having a world naned

after him and he smiled on the astrononmer, and cane
with his court to have a | ook at his nanesake. The

i nspection was highly satisfactory; and presently the
royal favor enabled the astronomer to escape the

t hral dom of teaching nmusic and to devote his entire

time to the nore congenial task of star-gazing.

Thus relieved fromthe burden of nundane enbarrassnents,

he turned with fresh enthusiasmto the skies, and his
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di scoveries foll owed one another in bew | dering

profusion. He found various hitherto unseen

noons of our sister planets; be nade specia

studi es of Saturn, and proved that this planet, with its
rings, revolves on its axis; he scanned the spots on the
sun, and suggested that they influence the weather of

our earth; in short, he extended the entire field of solar
astronony. But very soon this field becanme too snall

for him and his nost inportant researches carried

himout into the regions of space conpared with which

t he span of our solar systemis a mere point. Wth his
perfected tel escopes he entered abysmal vistas which

no human eve ever penetrated before, which no human

m nd had hitherto nore than vaguely inmagi ned. He

tells us that his forty-foot reflector will bring himlight

froma distance of "at |east eleven and three-fourths
millions of mllions of mllions of mles"--1ight which
left its source two million years ago. The snall est
stars visible to the unai ded eye are those of the sixth

magni tude; this tel escope, he thinks, has power to

reveal stars of the 1342d magnit ude.

But what did Herschel |earn regarding these awf ul
dept hs of space and the stars that people thenf? That
was what the world wi shed to know. Coperni cus,
Galileo, Kepler, had given us a solar system but the
stars had been a nystery. What says the great

reflector--are the stars points of light, as the ancients
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taught, and as nore than one phil osopher of the eighteenth
century has still contended, or are they suns, as

ot hers hol d? Herschel answers, they are suns, each

and every one of all the mllions--suns, many of them

| arger than the one that is the centre of our tiny system
Not only so, but they are noving suns. |nstead of

being fixed in space, as has been thought, they are
whirling in gigantic orbits about some commopn centre. Is
our sun that centre? Far fromit. Qur sun is only a

star like all the rest, circling on with its attendant
satellites--our giant sun a star, no different from
nyriad other stars, not even so |arge as some; a nere

i nsignificant spark of matter in an infinite shower of

sparks.

Nor is this all. Looking beyond the few t housand

stars that are visible to the naked eye, Herschel sees
series after series of nore distant stars, marshalled in
gal axies of mllions; but at |last he reaches a distance
beyond which the gal axi es no | onger increase. And
yet--so he thinks--he has not reached the |limts of his
vi sion. What then? He has conme to the bounds of the

si dereal system-seen to the confines of the universe.

He believes that he can outline this system this universe,
and prove that it has the shape of an irregular

gl obe, oblately flattened to al nost disklike proportions,
and divided at one edge--a bifurcation that is reveal ed

even to the naked eye in the forking of the MIky Wy.
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This, then, is our universe as Herschel conceives it--

a vast gal axy of suns, held to one centre, revolving,

poi sed in space. But even here those nmrvellous tel escopes
do not pause. Far, far out beyond the confines

of our universe, so far that the awful span of our own
system m ght serve as a unit of measure, are reveal ed

ot her systens, other universes, |ike our own, each conposed,
as he thinks, of myriads of suns, clustered like

our galaxy into an isolated system-nere islands of

matter in an infinite ocean of space. So distant from

our universe are these now uni verses of Herschel's discovery
that their light reaches us only as a dim nebul ous

glow, in npst cases invisible to the unai ded eye.

About a hundred of these nebul ae were known when

Her schel began his studies. Before the close of the
century he had di scovered about two thousand nore of

them and many of these had been resolved by his

| argest telescopes into clusters of stars. He believed
that the farthest of these nebulae that he could see

was at |east three hundred thousand tines as distant
fromus as the nearest fixed star. Yet that nearest
star--so nore recent studies prove--is so renote that

its light, travelling one hundred and eighty thousand
mles a second, requires three and one-half years to

reach our pl anet.

As if to give the finishing touches to this nove

schene of cosnol ogy, Herschel, though in the main
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very little given to unsustained theorizing, allows hinself
the privilege of one belief that he cannot call upon

his tel escope to substantiate. He thinks that all the
myriad suns of his nunberless systens are instinct with
life in the human sense. G ordano Bruno and a | ong

line of his followers had held that some of our sister

pl anets may be inhabited, but Herschel extends the

t hought to include the nmoon, the sun, the stars--all the
heavenly bodi es. He believes that he can denpnstrate

the habitability of our own sun, and, reasoning from

anal ogy, he is firmy convinced that all the suns of al

the systens are "well supplied with inhabitants.” In

this, as in sone other inferences, Herschel is nisled by
the faulty physics of his time. Future generations,

working with perfected instrunents, may not sustain

himall along the Iine of his observations, even, |et alone
his inferences. But how one's egotismshrivels and

shrinks as one grasps the inport of his sweeping

t hought s!

Continuing his observations of the innunmerabl e nebul ae,
Herschel is led presently to another curious specul ative
i nference. He notes that some star groups are

much nore thickly clustered than others, and he is |ed
to infer that such varied clustering tells of varying
ages of the different nebulae. He thinks that at first
all space may have been evenly sprinkled with the

stars and that the grouping has resulted fromthe

action of gravitation.
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"That the MIky Way is a npost extensive stratum of

stars of various sizes admits no |onger of lasting doubt,"”
he declares, "and that our sun is actually one of the
heavenly bodi es belonging to it is as evident. | have

now vi ewed and gauged this shining zone in al nost

every direction and find it conposed of stars whose

nunber ... constantly increases and decreases in proportion

to its apparent brightness to the naked eye.

"Let us suppose nunberless stars of various sizes,
scattered over an indefinite portion of space in such
a manner as to be al nbst equally distributed throughout
the whole. The |laws of attraction which no doubt

extend to the renotest regions of the fixed stars will
operate in such a manner as nost probably to produce

the foll owi ng effects:

"In the first case, since we have supposed the stars

to be of various sizes, it will happen that a star, being
considerably larger than its neighboring ones, will attract
them nmore than they will be attracted by others

that are i medi ately around them by which neans
they will be, in tine, as it were, condensed about a
centre, or, in other words, formthenselves into a cluster

of stars of alnmost a globular figure, nore or |ess

regul ar according to the size and di stance of the surrounding

stars. ...
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"The next case, which will also happen al nost as frequently
as the former, is where a few stars, though not

superior in size to the rest, may chance to be rather
nearer one another than the surrounding ones,... and

this construction admts of the utnost variety of

shapes.

"From the conposition and repeated conjunction of

both the foregoing formations, a third may be derived

when many | arge stars, or conbined small ones, are

spread in |ong, extended, regular, or crooked rows,

streaks, or branches; for they will also draw the surrounding
stars, so as to produce figures of condensed

stars curiously sinmlar to the former which gave rise to

t hese condensati ons.

"We may |ikewi se adnmit still nore extensive

conbi nati ons; when, at the same time that a cluster of
stars is form ng at the one part of space, there may be
anot her collection in a different but perhaps not far-
di stant quarter, which may occasion a nmutual approach

towards their own centre of gravity.

"I'n the | ast place, as a natural conclusion of the
former cases, there will be forned great cavities or
vacancies by the retreating of the stars towards the

various centres which attract them "[ 1]
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Looki ng forward, it appears that the time must cone
when all the suns of a systemw |l be drawn together
and destroyed by inpact at a comon centre. Already,
it seems to Herschel, the thickest clusters have

"outlived their useful ness" and are vergi ng towards

their doom

But again, other nebul ae present an appearance suggestive
of an opposite condition. They are not resolvable

into stars, but present an al nost uniform appearance

t hroughout, and are hence believed to be

conposed of a shining fluid, which in some instances is
seen to be condensed at the centre into a gl ow ng nass.
In such a nebul a Herschel thinks he sees a sun in

process of formation.

THE NEBULAR HYPOTHESI S OF KANT

Taken together, these two conceptions outline a majestic
cycle of world formati on and worl d destruction--

a broad schene of cosmpbgony, such as had been vaguely
adunbrated two centuries before by Kepler and in

nore recent tinmes by Wight and Swedenborg. This
so-cal l ed "nebul ar hypot hesi s" assunes that in the

begi nning all space was uniformy filled with cosm c

matter in a state of nebular or "fire-mst" diffusion
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"formess and void." It pictures the condensation--
coagul ation, if you will--of portions of this mass to
form segregated nasses, and the ultinmate devel opnent

out of these masses of the sidereal bodies that we see.

Perhaps the first el aborate exposition of this idea

was that given by the great German phil osopher | nmanuel
Kant (born at Konigsberg in 1724, died in

1804), known to every one as the author of the Critique
of Pure Reason. Let us learn fromhis own words how

t he i nmagi native phil osopher conceived the world to

have cone into existence.

"I assune," says Kant, "that all the material of

whi ch the gl obes bel onging to our solar system-al

the planets and conets--consist, at the begi nning of

all things was deconposed into its primary el enents,

and filled the whol e space of the universe in which the
bodi es forned out of it now revolve. This state of

nature, when viewed in and by itself w thout any reference
to a system seens to be the very sinplest that

can foll ow upon nothing. At that tinme nothing has

yet been formed. The construction of heavenly bodies

at a distance from one another, their distances regul ated
by their attraction, their formarising out of the
equilibriumof their collected matter, exhibit a later
state.... In a region of space filled in this manner, a
uni versal repose could last only a monment. The el enents

have essential forces with which to put each
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other in notion, and thus are thenselves a source of
life. Matter imrediately begins to strive to fashion
itself. The scattered elements of a denser kind, by

means of their attraction, gather froma sphere around
themall the matter of less specific gravity; again, these
el enents thensel ves, together with the material which
they have united with them collect in those points
where the particles of a still denser kind are found;
these in like manner join still denser particles, and so
on. If we follow in imagination this process by which
nature fashions itself into formthrough the whol e extent
of chaos, we easily perceive that all the results of

the process would consist in the formation of divers
masses which, when their formation was conplete

woul d by the equality of their attraction be at rest

and be forever unnobved.

"But nature has other forces in store which are

specially exerted when matter is deconposed into fine
particles. They are those forces by which these particles

repel one another, and which, by their conflict

with attractions, bring forth that novement which is,

as it were, the lasting life of nature. This force of repulsion
is manifested in the elasticity of vapors, the

ef fl uences of strong-snelling bodies, and the diffusion

of all spirituous matters. This force is an uncontestable
phenomenon of matter. It is by it that the el enents,

which may be falling to the point attracting
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them are turned sideways prom scuously fromtheir

movement in a straight line; and their perpendicul ar

fall thereby issues in circular novenents, which enconpass
the centre towards which they were falling.

In order to make the formation of the world nore distinctly
conceivable, we will limt our view by w thdraw ng

it fromthe infinite universe of nature and directing

it to a particular system as the one which belongs to

our sun. Having considered the generation of this

system we shall be able to advance to a similar consideration
of the origin of the great world-systenms, and

thus to enbrace the infinitude of the whole creation in

one concepti on.

"From what has been said, it will appear that if a

point is situated in a very |arge space where the attraction
of the elenents there situated acts nore strongly

than el sewhere, then the matter of the elenentary
particles scattered throughout the whole region will fal
to that point. The first effect of this general fall is
the formation of a body at this centre of attraction,
which, so to speak, grows froman infinitely snal

nucl eus by rapid strides; and in the proportion in which
this mass increases, it also draws with greater force

the surrounding particles to unite with it. Wen the

mass of this central body has grown so great that the
velocity with which it draws the particles to itself with
great distances is bent sideways by the feeble degree

of repulsion with which they inpede one another, and
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when it issues in |lateral novenments which are capable

by nmeans of the centrifugal force of enconpassing the
central body in an orbit, then there are produced

whirls or vortices of particles, each of which by itself
describes a curved line by the conposition of the
attracting force and the force of revolution that had been
bent sideways. These kinds of orbits all intersect

one another, for which their great dispersion in this
space gives place. Yet these nobvenents are in many

ways in conflict with one another, and they naturally
tend to bring one another to a uniformty--that is,

into a state in which one novenent is as little
obstructive to the other as possible. This happens in

two ways: first by the particles |linmting one another's
novenent till they all advance in one direction; and,
secondly, in this way, that the particles limt their
vertical movenments in virtue of which they are
approaching the centre of attraction, till they all nove
hori zontally--i. e., in parallel circles round the sun as
their centre, no longer intercept one another, and by

the centrifugal force becomng equal with the falling
force they keep themsel ves constantly in free circul ar
orbits at the distance at which they nove. The result,
finally, is that only those particles continue to nove in
this region of space which have acquired by their fal

a velocity, and through the resistance of the other particles
a direction, by which they can continue to naintain

a FREE Cl RCULAR MOVEMENT. . ..
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"The view of the formation of the planets in this system
has the advantage over every other possible theory

in holding that the origin of the novenents, and the
position of the orbits in arising at that sane point of

ti me--nay, nore, in show ng that even the deviations
fromthe greatest possible exactness in their determ nations,
as well as the accordances thensel ves, becone

clear at a glance. The planets are formed out of particles
whi ch, at the distance at which they nmove, have

exact novenents in circular orbits; and therefore the
masses conposed out of themw |l continue the sanme

novenents and at the sane rate and in the sane direction."[2]

It nust be admtted that this explanation | eaves a
good deal to be desired. It is the explanation of a
nmet aphysi ci an rather than that of an experinenta
scientist. Such phrases as "matter i mediately begins

to strive to fashion itself,” for exanple, have no

pl ace in the reasoning of inductive science. Neverthel ess,
the hypothesis of Kant is a remarkabl e conception

it attenpts to explain along rational |ines

somet hing which hitherto had for the nost part been

consi dered al t oget her inexplicable.

But there are various questions that at once suggest
t hemsel ves which the Kantian theory | eaves unanswered.

How happens it, for exanple, that the cosmc
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mass whi ch gave birth to our solar system was divided
into several planetary bodies instead of remaining a
single mass? Were the planets struck fromthe sun by

the chance i npact of conets, as Buffon has suggested?

or thrown out by explosive volcanic action, in accordance
with the theory of Dr. Darwi n? or do they owe

their origin to sone unknown |aw? I n any event, how
chanced it that all were projected in nearly the sane

pl ane as we now find thenr

LAPLACE AND THE NEBULAR HYPOTHESI S

It remained for a mathenatical astronomer to sol ve

t hese puzzles. The man of all others conpetent to

take the subject in hand was the French astrononer

Lapl ace. For a quarter of a century he had devoted

his transcendent mathematical abilities to the solution
of problems of notion of the heavenly bodies.

Wrking in friendly rivalry with his countryman Lagrange,
his only peer anpong the mathematici ans of the

age, he had taken up and sol ved one by one the probl ens
that Newton | eft obscure. Largely through the

efforts of these two men the last lingering doubts as to
the solidarity of the Newtonian hypothesis of universa
gravitation had been renoved. The share of Lagrange

was hardly less than that of his co-worker; but Laplace

will |onger be remenbered, because he ultimtely
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brought his conpleted |labors into a system and,

i ncorporating with themthe | abors of his contenporaries,
produced in the Mecani que Cel este the undi sputed

mat hemati cal nonunent of the century, a fitting conpl enent
to the Principia of Newton, which it supplenents

and in a sense conpl etes.

In the closing years of the eighteenth century Lapl ace
took up the nebul ar hypothesis of cosnbgony, to

whi ch we have just referred, and gave it definite
proportions; in fact, nmade it so thoroughly his own
that posterity will always link it with his nane.

Di scardi ng the crude notions of conetary inpact

and vol canic eruption, Laplace filled up the gaps in
the hypothesis with the aid of well-known |aws of
gravitation and notion. He assunmed that the printive
mass of cosmic matter which was destined to

formour solar systemwas revolving on its axis

even at a tine when it was still nebular in character
and filled all space to a distance far beyond the
present limts of the system As this vaporous mass
contracted through | oss of heat, it revolved nore

and nore swiftly, and fromtinme to tinme, through bal ance
of forces at its periphery, rings of its substance

were whirled off and | eft revolving there, subsequently
to become condensed into planets, and in their turn
whirl off mnor rings that becane nmoons. The nmin

body of the original nass remains in the present as the

still contracting and rotating body which we call the
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sun.

Let us allow Laplace to explain all this in detail

“I'n order to explain the prinme nmovenents of the

pl anetary system" he says, "there are the five foll ow ng
phenonena: The novenent of the planets in the

same direction and very nearly in the sane plane; the
novenent of the satellites in the sane direction as

that of the planets; the rotation of these different

bodi es and the sun in the sane direction as their revolution
and in nearly the sane plane; the slight eccentricity of the
orbits of the planets and of the satellites;

and, finally, the great eccentricity of the orbits of the

conmets, as if their inclinations had been |left to chance.

"Buffon is the only man I know who, since the discovery
of the true systemof the world, has endeavored

to show the origin of the planets and their satellites.
He supposes that a comet, in falling into the sun, drove
fromit a mass of matter which was reassenbled at a

di stance in the form of various globes nore or |ess

| arge, and nore or |ess renoved fromthe sun, and that

t hese gl obes, beconi ng opaque and solid, are now the

pl anets and their satellites.

"This hypothesis satisfies the first of the five preceding

phenonena; for it is clear that all the bodies
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thus formed woul d nove very nearly in the plane

whi ch passed through the centre of the sun, and in the
direction of the torrent of matter which was produced;
but the four other phenonmena appear to be inexplicable
to me by this neans. |ndeed, the absol ute novenent

of the nolecules of a planet ought then to be in

the direction of the novenent of its centre of gravity;

but it does not at all follow that the nmotion of the rotation

of the planets should be in the sane direction.

Thus the earth should rotate fromeast to west, but
neverthel ess the absol ute novenent of its nol ecul es
shoul d be fromeast to west; and this ought also to

apply to the novenment of the revolution of the satellites,
in which the direction, according to the hypothesis

whi ch he offers, is not necessarily the sane as that

of the progressive novenent of the planets.

"A phenonenon not only very difficult to explain

under this hypothesis, but one which is even contrary
toit, is the slight eccentricity of the planetary orbits.
We know, by the theory of central forces, that if a body
noves in a closed orbit around the sun and touches it,

it al so al ways cones back to that point at every revol ution
whence it follows that if the planets were originally
detached fromthe sun, they would touch it at

each return towards it, and their orbits, far from being
circular, would be very eccentric. It is true that a nass
of matter driven fromthe sun cannot be exactly conpared

to a gl obe which touches its surface, for the inpul se
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which the particles of this nmass receive from one

anot her and the reciprocal attractions which they exert
anong thensel ves, could, in changing the direction

of their novenents, renove their perihelions fromthe
sun; but their orbits would be al ways nost eccentric,

or at least they would not have slight eccentricities
except by the npbst extraordinary chance. Thus we

cannot see, according to the hypothesis of Buffon,

why the orbits of nore than a hundred conets al ready
observed are so elliptical. This hypothesis is therefore
very far from satisfying the precedi ng phenonena.

Let us see if it is possible to trace themback to their

true cause.

"Whatever may be its ultimate nature, seeing that it

has caused or nodified the novenments of the planets,

it is necessary that this cause should enbrace every
body, and, in view of the enornous distances which
separate them it could only have been a fluid of imense
extent. In order to have given them an al npost

circular movement in the same direction around the

sun, it is necessary that this fluid should have envel oped
the sun as in an atnosphere. The consi deration

of the planetary nmovements | eads us then to think

that, on account of excessive heat, the atnobsphere of

the sun originally extended beyond the orbits of al

the planets, and that it was successively contracted to

its present limts.
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“In the primtive condition in which we suppose the

sun to have been, it resenbled a nebula such as the

tel escope shows is conmposed of a nucleus nore or |ess
brilliant, surrounded by a nebul osity which, on condensing
itself towards the centre, fornms a star. If it is

concei ved by analogy that all the stars were fornmed in
this manner, it is possible to inmmgine their previous
condition of nebulosity, itself preceded by other states
in which the nebul ous matter was still nore diffused,

t he nucl eus being less and | ess |um nous. By going

back as far as possible, we thus arrive at a nebulosity

so diffused that its existence could hardly be suspected.

"For a long tinme the peculiar disposition of certain
stars, visible to the unai ded eye, has struck phil osophica
observers. Mtchell has already renarked

how little probable it is that the stars in the Pleiades,
for example, could have been contracted into the snal
space which encloses them by the fortuity of chance

al one, and he has concluded that this group of stars,

and simlar groups which the skies present to us, are
the necessary result of the condensation of a nebul a,
with several nuclei, and it is evident that a nebula, by
continually contracting, towards these various nucl ei

at length would forma group of stars simlar to the

Pl ei ades. The condensation of a nebula with two

nuclei would forma system of stars close together

turni ng one upon the other, such as those double stars
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of which we already know the respective novenents.

"But how did the solar atnobsphere determ ne the

novenents of the rotation and revol ution of the planets

and satellites? If these bodies had penetrated very

deeply into this atmosphere, its resistance would have
caused themto fall into the sun. W can therefore
conjecture that the planets were fornmed at their successive
limts by the condensation of a zone of vapors

whi ch the sun, on cooling, left behind, in the plane of

hi s equator.

"Let us recall the results which we have given in

a preceding chapter. The atnosphere of the sun could

not have extended indefinitely. Its linmt was the point
where the centrifugal force due to its novenent of
rotation balanced its weight. But in proportion as

the cooling contracted the atnosphere, and those nol ecul es
whi ch were near to them condensed upon the

surface of the body, the novenent of the rotation increased;
for, on account of the Law of Areas, the sum

of the areas described by the vector of each nolecule

of the sun and its atnosphere and projected in the

pl ane of the equator being always the sane, the rotation
shoul d i ncrease when these nol ecul es approach the

centre of the sun. The centrifugal force due to this
novenent becom ng thus [ arger, the point where the

weight is equal to it is nearer the sun. Supposing,
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then, as it is natural to admit, that the atnosphere
extended at sonme period to its very limts, it should,
on cooling, |eave nolecules behind at this limt and

at limts successively occasioned by the increased
rotation of the sun. The abandoned nol ecul es woul d
continue to revolve around this body, since their centrifuga
force was bal anced by their weight. But this
equilibriumnot arising in regard to the atnospheric
nol ecul es parallel to the solar equator, the latter, on
account of their weight, approached the atnosphere

as they condensed, and did not cease to belong to it

until by this notion they cane upon the equator

"Let us consider now the zones of vapor successively

| eft behind. These zones ought, according to appearance,
by the condensation and mutual attraction of

their nolecules, to formvarious concentric rings of
vapor revolving around the sun. The nutual gravitationa
friction of each ring would accel erate sone and

retard others, until they had all acquired the sane
angul ar velocity. Thus the actual velocity of the

nol ecul es nost renoved fromthe sun would be the
greatest. The foll owi ng cause would al so operate to
bring about this difference of speed. The nol ecul es
farthest fromthe sun, and which by the effects of
cool i ng and condensati on approached one another to
formthe outer part of the ring, would have al ways
descri bed areas proportional to the time since the

central force by which they were controlled has been
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constantly directed towards this body. But this constancy
of areas necessitates an increase of velocity
proportional to the distance. It is thus seen

that the sanme cause would dimnish the velocity

of the nolecules which formthe inner part of the

ring.

"If all the nmolecules of the ring of vapor continued

to condense without disuniting, they would at |ength
forma ring either solid or fluid. But this formation
woul d necessitate such a regularity in every part of

the ring, and in its cooling, that this phenonmenon is
extrenely rare; and the solar system affords us, indeed,
but one exanple--nanely, in the ring of Saturn

In nearly every case the ring of vapor was broken into
several masses, each noving at simlar velocities, and
continuing to rotate at the sane distance around the
sun. These nmasses woul d take a spheroid formwith a
rotatory novenent in the direction of the revolution
because their inner nolecules had | ess velocity than
the outer. Thus were formed so nmany planets in a
condition of vapor. But if one of them were powerfu
enough to reunite successively by its attraction all the
others around its centre of gravity, the ring of vapor
woul d be thus transforned into a single spheroidica
mass of vapor revolving around the sun with a rotation
in the direction of its revolution. The |l atter case

has been that which is the nbst commpn, but neverthel ess
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the sol ar system affords us an instance of the

first case in the four small planets which nove between
Jupiter and Mars; at least, if we do not suppose,

as does M O bers, that they originally forned

a single planet which a m ghty expl osion broke up

into several portions each nmoving at different velocities.

"According to our hypothesis, the comets are strangers

to our planetary system |n considering them

as we have done, as m nute nebul osities, wandering
fromsolar systemto solar system and fornmed by

t he condensation of the nebul ous matter everywhere

exi stent in profusion in the universe, we see that when
they come into that part of the heavens where the sun

is all-powerful, he forces themto describe orbits either
elliptical or hyperbolic, their paths being equally possible
in all directions, and at all inclinations of the
ecliptic, conformably to what has been observed. Thus

t he condensati on of nebul ous matter, by which we

have at first explained the notions of the rotation and
revolution of the planets and their satellites in the sane
direction, and in nearly approxi mate pl anes, explains

al so why the novenments of the conets escape this

general law "[3]

The nebul ar hypot hesis thus given detailed conpletion
by Laplace is a worthy conpl ement of the grand

cosnol ogi ¢ scheme of Herschel. Whether true or false,
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the two conceptions stand as the final contributions of
the eighteenth century to the history of man's ceasel ess
efforts to solve the nmysteries of cosmc origin and cosnic
structure. The world listened eagerly and without
prejudice to the new doctrines; and that attitude tells

of a marvellous intellectual growh of our race. Mark

the transition. In the year 1600, Bruno was burned

at the stake for teaching that our earth is not the centre
of the universe. In 1700, Newton was pronounced

"inmpious and heretical” by a | arge school of philosophers
for declaring that the force which holds the planets

in their orbits is universal gravitation. In 1800,

Lapl ace and Herschel are honored for teaching that
gravitation built up the systemwhich it still controls;
that our universe is but a m nor nebula, our sun but

a mnor star, our earth a nmere atom of matter, our

race only one of nyriad races peopling an infinity

of worlds. Doctrines which but the span of two human

lives before would have brought their enunciators

to the stake were now pronounced not i npious,

but subli nme.

ASTERO DS AND SATELLI TES

The first day of the nineteenth century was fittingly

signalized by the discovery of a new world. On the

eveni ng of January 1, 1801, an Italian astrononer,
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Pi azzi, observed an apparent star of about the eighth
magni t ude (hence, of course, quite invisible to the unaided
eye), which later on was seen to have noved,

and was thus shown to be vastly nearer the earth than

any true star. He at first supposed, as Herschel had

done when he first saw Uranus, that the unfamliar

body was a conet; but |ater observation proved it a

tiny planet, occupying a position in space between

Mars and Jupiter. It was christened Ceres, after the

tutel ary goddess of Sicily.

Though unpreneditated, this discovery was not unexpected,
for astrononers had | ong surm sed the existence

of a planet in the wide gap between Mars and Jupiter

I ndeed, they were even preparing to make concerted
search for it, despite the protests of phil osophers,

who argued that the planets could not possibly exceed
the magi ¢ nunber seven, when Piazzi forestalled their
efforts. But a surprise cane with the sequel; for the
very next year Dr. O bers, the wonderful physician-
astrononer of Bremen, while follow ng up the course

of Ceres, happened on another tiny nmoving star, simlarly
| ocat ed, which soon revealed itself as planetary.

Thus two pl anets were found where only one was expected.

The exi stence of the supernumerary was a puzzle, but
O bers solved it for the nonment by suggesting that
Ceres and Pallas, as he called his captive, mght be

fragnments of a quondam pl anet, shattered by interna
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expl osion or by the inpact of a conmet. Other sinilar
fragments, he ventured to predict, would be

found when searched for. WIIliam Herschel sanctioned
this theory, and suggested the nane asteroids

for the tiny planets. The expl osion theory was supported
by the discovery of another asteroid, by Harding,

of Lilienthal, in 1804, and it seenmed clinched

when O bers hinmself found a fourth in 1807. The

new conmers were named Juno and Vesta respectively.

There the case rested till 1845, when a Prussian

amat eur astrononer named Hencke found anot her

asteroid, after |long searching, and opened a new epoch
of discovery. Fromthen on the finding of asteroids
became a commonpl ace. Latterly, with the aid of

phot ography, the |ist has been extended to above four
hundred, and as yet there seens no dearth in the supply,
t hough doubtl ess all the |arger menbers have been
reveal ed. Even these are but a few hundreds of niles

in dianmeter, while the snmaller ones are too tiny for
nmeasur ement. The conbi ned bul k of these m nor

pl anets is believed to be but a fraction of that of the

earth.

O bers's explosion theory, |long accepted by astrononers,
has been proven open to fatal objections. The
m nor planets are now believed to represent a ring of

cosm cal matter, cast off fromthe solar nebula |like the
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rings that went to formthe major planets, but prevented
from becom ng aggregated into a single body by the

perturbing mass of Jupiter

The Di scovery of Neptune

As we have seen, the discovery of the first asteroid
confirmed a conjecture; the other inportant planetary

di scovery of the nineteenth century fulfilled a prediction
Nept une was found through scientific prophecy.

No one suspected the existence of a trans-Uranian

pl anet till Uranus itself, by hair-breadth departures
fromits predicted orbit, gave out the secret. No one

saw the disturbing planet till the pencil of the mathematician
with al nost occult divination, had pointed

out its place in the heavens. The general predication

of a trans-Urani an pl anet was nade by Bessel, the great
Koni gsberg astrononer, in 1840; the analysis that reveal ed
its exact |ocation was undertaken, half a decade

| ater, by two i ndependent workers--John Couch

Adans, just graduated senior wrangler at Canbridge,

Engl and, and U. J. J. Leverrier, the |leading French

mat hemati ci an of his generation.

Adans's cal cul ati on was first begun and first conpl eted.
But it had one radical defect--it was the work
of a young and untried man. So it found | odgnment in a

pi geon-hol e of the desk of England's Astrononer Royal,
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and an opportunity was | ost which English astrononers
have never ceased to nourn. Had the search

been made, an actual planet woul d have been seen
shining there, close to the spot where the pencil of the
mat hemat i ci an had placed its hypothetical counterpart.
But the search was not nade, and while the

prophecy of Adans gathered dust in that regrettable

pi geon-hol e, Leverrier's calculation was com ng on, his
tentative results neeting full encouragenment from
Arago and ot her French savants. At |ast the |aborious
cal cul ati ons proved satisfactory, and, confident of

the result, Leverrier sent to the Berlin observatory,
requesting that search be made for the disturber of
Uranus in a particular spot of the heavens. Dr. Glle
received the request Septenber 23, 1846. That very

ni ght he turned his telescope to the indicated region
and there, within a single degree of the suggested spot,
he saw a seeming star, invisible to the unaided eye,

whi ch proved to be the | ong-sought planet, henceforth
to be known as Neptune. To the average m nd, which
finds sonething altogether nystifying about abstract

mat hematics, this was a feat savoring of the mracul ous.

Stinul ated by this success, Leverrier calculated an

orbit for an interior planet from perturbations of Mercury,
but though prematurely christened Vulcan, this

hypot heti cal nursling of the sun still haunts the realm

of the undiscovered, along with certain equally hypothetica
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trans- Nept uni an pl anets whose exi stence has

been suggested by "residual perturbations” of Uranus,
and by the novenments of conets. No other veritable
additions of the sun's planetary fam |y have been nmde
in our century, beyond the finding of seven small npons,
which chiefly attest the advance in tel escopic powers.
O these, the tiny attendants of our Martian nei ghbor
di scovered by Professor Hall with the great Washi ngton
refractor, are of greatest interest, because of their
smal|l size and extrenely rapid flight. One of themis
poi sed only six thousand mles from Mars, and whirls
about him alnost four tinmes as fast as he revol ves,
seenmi ng thus, as viewed by the Martian, to rise in the
west and set in the east, and making the nmonth only

one-fourth as long as the day.

The Rings of Saturn

The di scovery of the inner or crape ring of Saturn,
made sinmultaneously in 1850 by WIlliam C. Bond, at

the Harvard observatory, in Anerica, and the Rev.

W R Dawes in England, was another interesting optica
achi evenent; but our nost inportant advances

in know edge of Saturn's unique systemare due to the
mat hemati ci an. Lapl ace, like his predecessors, supposed
these rings to be solid, and explained their stability
as due to certain irregularities of contour which

Her schel bad pointed out. But about 1851 Professor
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Peirce, of Harvard, showed the untenability of this
conclusion, proving that were the rings such as Lapl ace

t hought them they nust fall of their own weight.

Then Professor J. Clerk-Maxwel |, of Canbridge, took

the matter in hand, and his analysis reduced the puzzling
rings to a cloud of neteoric particles--a "shower

of brickbats"--each fragnent of which circul ates exactly
as if it were an independent planet, though of

course perturbed and jostled nore or less by its fell ows.
Mut ual perturbations, and the disturbing pulls

of Saturn's orthodox satellites, as investigated by Maxwell,
explain nearly all the phenonena of the rings in

a manner highly satisfactory.

After el aborate mathematical cal cul ati ons covering
many pages of his paper entitled "On the Stability

of Saturn's Rings," he sumuarizes his deductions as

foll ows:

"Let us now gat her together the conclusions we
have been able to draw fromthe mat hematical theory

of various kinds of conceivable rings.

"We found that the stability of the notion of a

solid ring depended on so delicate an adjustnent, and

at the sane tinme so unsynmetrical a distribution of

mass, that even if the exact conditions were fulfilled, it

could scarcely last long, and, if it did, the inmense
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preponderance of one side of the ring would be easily
observed, contrary to experience. These consi derations,
with others derived fromthe nechanical structure of

so vast a body, conpel us to abandon any theory of

solid rings.

"We next exam ned the notion of a ring of equa
satellites, and found that if the mass of the planet is
sufficient, any disturbances produced in the arrangenent

of the ring will be propagated around it in the

formof waves, and will not introduce dangerous confusion

If the satellites are unequal, the propagations

of the waves will no |onger be regular, but disturbances
of the ring will in this, as in the former case

produce only waves, and not grow ng confusion. Supposing
the ring to consist, not of a single row of |arge
satellites, but a cloud of evenly distributed unconnected
particles, we found that such a cloud nust

have a very small density in order to be pernmanent,

and that this is inconsistent with its outer and inner
parts nmoving with the sane angul ar vel ocity. Supposing
the ring to be fluid and continuous, we found that

it will be necessarily broken up into small portions.

"We concl ude, therefore, that the rings must consi st
of disconnected particles; these nmust be either

solid or liquid, but they must be independent. The
entire system of rings nmust, therefore, consist either

of a series of many concentric rings each noving with
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its own velocity and having its own system of waves,
or else of a confused nultitude of revolving particles
not arranged in rings and continually comng into

collision with one another.

"Taking the first case, we found that in an indefinite

nunber of possible cases the nutual perturbations of

two rings, stable in thenselves, mght nount up in

time to a destructive magnitude, and that such cases

must continually occur in an extensive systemlike

that of Saturn, the only retarding cause being the irregularity

of the rings.

"The result of |ong-continued disturbance was found
to be the spreading-out of the rings in breadth, the
outer rings pressing outward, while the inner rings

press i nward.

"The final result, therefore, of the nmechanica

theory is that the only system of rings which can

exi st is one conposed of an indefinite nunber of

unconnected particles, revolving around the planet with
different velocities, according to their respective distances.
These particles may be arranged in series of

narrow rings, or they may nove through one another
irregularly. In the first case the destruction of the
systemw || be very slow, in the second case it will be

nore rapid, but there may be a tendency towards arrangenent
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in narrow rings which may retard the

process.

"W are not able to ascertain by observation the
constitution of the two outer divisions of the system

of rings, but the inner ring is certainly transparent,

for the linmb of Saturn has been observed through it.

It is also certain that though the space occupied by

the ring is transparent, it is not through the nateria
parts of it that the linb of Saturn is seen, for his linb
was observed wi thout distortion; which shows that

there was no refraction, and, therefore, that the rays
did not pass through a nediumat all, but between the
solar or liquid particles of which the ring is conposed.
Here, then, we have an optical argunment in favor of

the theory of independent particles as the material of
the rings. The two outer rings may be of the sanme

nature, but not so exceedingly rare that a ray of I|ight
can pass through their whol e thickness wi thout encountering

one of the particles.

"Finally, the two outer rings have been observed for
two hundred years, and it appears, fromthe carefu

anal ysis of all the observations of M Struve, that the
second ring is broader than when first observed, and
that its inner edge is nearer the planet than fornerly.
The inner ring also is suspected to be approaching

t he planet ever since its discovery in 1850. These

appearances seemto indicate the same sl ow progress of
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the rings towards separation which we found to be the
result of theory, and the remark that the inner edge

of the inner ring is nore distinct seens to indicate that
t he approach towards the planet is |ess rapid near the
edge, as we had reason to conjecture. As to the apparent
unchangeabl eness of the exterior dianeter of

the outer ring, we nust remenber that the outer rings
are certainly far nore dense than the inner one, and
that a small change in the outer rings nust bal ance a
great change in the inner one. It is possible, however,
that some of the observed changes may be due

to the existence of a resisting medium |f the changes
al ready suspected should be confirned by repeated
observations with the sanme instrunents, it will be
worth while to investigate nore carefully whether
Saturn's rings are permanent or transitory elenents

of the solar system and whether in that part of the
heavens we see celestial imrutability or terrestria
corruption and generation, and the old order giving

pl ace to the new before our eyes."[4]

St udi es of the Mbon

But perhaps the npbst interesting acconplishnents

of mat hemati cal astronomy--from a nundane standpoi nt,

at any rate--are those that refer to the earth's

own satellite. That seemingly staid body was |ong
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ago discovered to have a propensity to gain a little on
the earth, appearing at eclipses an infinitesinml nmonment
ahead of tinme. Astrononers were sorely puzzled

by this act of insubordination; but at |last Laplace and
Lagrange explained it as due to an oscillatory change
in the earth's orbit, thus fully exonerating the noon,
and seening to denonstrate the absolute stability of

our planetary system which the noon's m shehavi or

had appeared to threaten.

This highly satisfactory concl usion was an orthodox
beli ef of celestial mechanics until 1853, when Professor
Adans of Neptunian fane, with whom conpl ex anal yses
were a pastinme, reviewed Laplace's cal cul ation,

and di scovered an error which, when corrected, left
about half the moon's accel erati on unaccounted for

This was a nonent ous di screpancy, which at first no

one coul d explain. But presently Professor Hel mholtz,
the great German physicist, suggested that a key

m ght be found in tidal friction, which, acting as a perpetua
brake on the earth's rotation, and affecting not

nmerely the waters but the entire substance of our

pl anet, must in the long sweep of tine have changed its
rate of rotation. Thus the seem ng accel eration of the
moon m ght be accounted for as actual retardation of

the earth's rotation--a | engthening of the day instead

of a shortening of the nonth.

Again the earth was shown to be at fault, but this
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time the noon could not be exonerated, while the

estimated stability of our system instead of being
re-established, was quite upset. For the tidal retardation
is not an oscillatory change which will presently

correct itself, like the orbital wobble, but a

per petual change, acting always in one direction. Unless
fully counteracted by sone opposing reaction

therefore (as it seens not to be), the effect nust be
curmul ative, the ultimte consequences di sastrous.

The exact character of these consequences was first
estimated by Professor G H Darwin in 1879. He

showed that tidal friction, in retarding the earth, nust

al so push the moon out fromthe parent planet on a

spiral orbit. Plainly, then, the noon must formerly

have been nearer the earth than at present. At sone

very remote period it nust have actually touched the
earth; nust, in other words, have been thrown off from
the then plastic mass of the earth, as a polyp buds out
fromits parent polyp. At that tinme the earth was spinning

about in a day of fromtwo to four hours.

Now t he day has been | engthened to twenty-four

hours, and the noon has been thrust out to a distance

of a quarter-mllion mles; but the end is not yet. The
same progress of events nmust continue, till, at sone renote
period in the future, the day has cone to equa

the nonth, lunar tidal action has ceased, and one face of

the earth | ooks out always at the mobon with that sane
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fi xed stare which even now the noon has been brought
to assume towards her parent orb. Should we choose to
take even greater liberties with the future, it may be
made to appear (though some astrononers di ssent
fromthis prediction) that, as solar tidal action stil
continues, the day must finally exceed the nonth,

and I engthen out little by little towards coi nci dence
with the year; and that the nopon neantime nust

pause in its outward flight, and conme sw ngi ng back

on a descending spiral, until finally, after the |apse
of untold aeons, it ploughs and ricochets along the

surface of the earth, and plunges to catastrophic destruction

But even though inagination pause far short of this

direful culmnation, it still is clear that nodern cal cul ati ons,
based on inexorable tidal friction, suffice to

revolutionize the views fornmerly current as to the stability
of the planetary system The eighteenth-century

mat hemat i ci an | ooked upon this system as a vast celestia
machi ne whi ch had been in existence about six

t housand years, and which was destined to run on forever.
The anal yst of to-day conputes both the past

and the future of this systemin mllions instead of

t housands of years, yet feels well assured that the solar
system offers no contradiction to those |laws of growth

and decay which seem everywhere to represent the

i nmut abl e order of nature.
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COVETS AND METEORS

Until the mathematician ferreted out the secret, it
surely never could have been suspected by any one that

the earth's serene attendant,

"That orbed mmiden, with white fire | aden

Whom nortals call the noon,"

could be plotting injury to her parent orb. But there

i s anot her inhabitant of the skies whose purposes have
not been simlarly free from popul ar suspicion. Needl ess
to say | refer to the black sheep of the siderea

fam |y, that "cel estial vagabond" the conet.

Time out of m nd these wanderers have been supposed

to presage war, fanine, pestilence, perhaps the
destruction of the world. And little wonder. Here is

a body which comes fl ashing out of boundl ess space into
our system shooting out a pyrotechnic tail sonme hundreds
of millions of mles in length; whirling, perhaps,
through the very atnosphere of the sun at a speed of
three or four hundred niles a second; then darting off
on a hyperbolic orbit that forbids it ever to return, or
an elliptical one that cannot be closed for hundreds or
t housands of years; the tail neantine pointing always
away fromthe sun, and fading to nothingness as the

wei rd voyager recedes into the spatial void whence it
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cane. Not many tinmes need the advent of such an apparition
coincide with the outbreak of a pestilence or
the death of a Caesar to stanp the race of comets as an

om nous clan in the mnds of all superstitious generations.

It is true, a hard bl ow was struck at the prestige of

these al |l eged supernatural agents when Newton proved

that the great conet of 1680 obeyed Kepler's laws inits
flight about the sun; and an even harder one when the

same visitant cane back in 1758, obedient to Halley's
prediction, after its three-quarters of a century of voyaging
but in the abyss of space. Proved thus to bowto

natural |aw, the celestial nmessenger could no | onger

fully, sustain its role. But |ong-standing notoriety cannot
be lived down in a day, and the conet, though

proved a "natural" object, was still regarded as a very
menaci ng one for another hundred years or so. It remained
for the nineteenth century to conpletely unnmask

the pretender and show how egregi ously our forebears

had been decei ved.

The unmaski ng began early in the century, when Dr.

A bers, then the highest authority on the subject, expressed
the opinion that the spectacular tail, which had

all along been the conmet's chief stock-in-trade as an
earth-threatener, is in reality conposed of the npst

filmy vapors, repelled fromthe conetary body by the

sun, presumably through electrical action, with a velocity

conparable to that of light. This |um nous suggestion
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was held nore or less in abeyance for half a

century. Then it was el aborated by Zollner, and
particularly by Bredichin, of the Mboscow observatory, into
what has since been regarded as the nost pl ausible of
conmetary theories. It is held that conets and the sun
are simlarly electrified, and hence nutually repulsive.
Gravitation vastly outmatches this repulsion in the

body of the conet, but yields to it in the case of gases,
because electrical force varies with the surface, while
gravitation varies only with the mass. From study of
atom ¢ weights and estimtes of the velocity of thrust

of conetary tails, Bredichin concluded that the chief
conponents of the various kinds of tails are hydrogen,
hydr ocar bons, and the vapor of iron; and spectroscopic
anal ysis goes far towards sustaining these

assunpti ons.

But, theories aside, the unsubstantial ness of the

conmet's tail has been put to a conclusive test. Twi ce
during the nineteenth century the earth has actually

pl unged directly through one of these threatening
appendages--in 1819, and again in 1861, once being i mersed
to a depth of sone three hundred thousand

mles in its substance. Yet nothing dreadful happened

to us. There was a peculiar glow in the atnosphere,

so the nore inmginative observers thought, and

that was all. After such fiascos the conetary train

coul d never again pose as a world-destroyer.
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But the full neasure of the conet's humliation is not
yet told. The pyrotechnic tail, conposed as it is of portions
of the conet's actual substance, is tribute paid the

sun, and can never be recovered. Should the obeisance

to the sun be many tinmes repeated, the train-formng
material will be exhausted, and the conet's chi efest
glory will have departed. Such a fate has actually befallen
a multitude of comets which Jupiter and the

ot her outlying planets have dragged into our system

and hel ped the sun to hold captive here. Many of

these tailless conets were known to the ei ghteenth-
century astrononers, but no one at that tinme suspected
the true nmeaning of their condition. It was not even
known how cl osely sonme of them are enchai ned unti

the German astrononer Encke, in 1822, showed t hat

one which he had rediscovered, and which has since

borne his nanme, was noving in an orbit so contracted

that it nust conplete its circuit in about three and

a half years. Shortly afterwards another conet, revolving
in a period of about six years, was di scovered

by Biela, and given his name. Only two nore of these
short-period conets were discovered during the first half
of last century, but latterly they have been shown to be
a nunerous famly. Nearly twenty are known which

the giant Jupiter holds so close that the utnost reach of
their elliptical tether does not |let them go beyond

the orbit of Saturn. These aforetinme wanderers have

adapted thensel ves wonderfully to planetary custons,

Get any book for free on: www.Abika.com



History of Science

for all of themrevolve in the sane direction with the

pl anets, and in planes not w de of the ecliptic.

Checked in their proud hyperbolic sweep, nade captive

in a planetary net, deprived of their trains, these
guondam free-l ances of the heavens are now nere

shadows of their former selves. Considered as to mere
bul k, they are very substantial shadows, their extent
bei ng measured in hundreds of thousands of mles; but
their actual mass is so slight that they are quite at the
mercy of the gravitation pulls of their captors. And
worse is in store for them So persistently do sun and

pl anets tug at themthat they are dooned presently to

be torn into shreds.

Such a fate has already overtaken one of them under
the very eyes of the astronomers, within the relatively
short period during which these ill-fated conmets have.
been observed. In 1832 Biela's comet passed quite

near the earth, as astrononmers measure distance, and in
doi ng so created a panic on our planet. It did no
greater harmthan that, of course, and passed on its
way as usual. The very next time it came within tel escopic
hail it was seen to have broken into two fragnments.

Six years later these fragnents were separated

by many millions of mles; and in 1852, when the conet
was due again, astrononmers |ooked for it in vain. It

had been conpletely shattered
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VWhat had becone of the fragments? At that tine

no one positively knew. But the question was to be
answered presently. It chanced that just at this period
astrononers were paying nuch attention to a cl ass of
bodi es which they had hitherto somewhat negl ected,

the fam liar shooting-stars, or neteors. The studies of
Prof essor Newton, of Yale, and Professor Adans, of
Canbridge, with particular reference to the great

nmet eor - shower of Novenber, 1866, which Professor Newt on
had predicted and shown to be recurrent at intervals

of thirty-three years, showed that neteors are

not mere sporadic swarms of matter flying at random

but exist in isolated swarnms, and sweep about the sun

in regular elliptical orbits.

Presently it was shown by the Italian astrononer

Schi aparelli that one of these neteor swarns noves

in the orbit of a previously observed conet, and other
coi nci dences of the kind were soon forthcom ng. The
conviction grew that meteor swarns are really the
debris of conmets; and this conviction becanme a practica
certainty when, in Novenber, 1872, the earth

crossed the orbit of the ill-starred Biela, and a shower
of meteors canme whizzing into our atnosphere in lieu

of the | ost conet.

And so at last the full secret was out. The awe-

inspiring comet, instead of being the planetary body
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it had all along been regarded, is really nothing nore
nor | ess than a great aggregation of neteoric particles,
whi ch have becone clustered together out in space
somewhere, and which by jostling one another or

t hrough el ectrical action becone |um nous. So wi dely

are the individual particles separated that the cometary
body as a whol e has been estimated to be thousands of
times | ess dense than the earth's atnobsphere at sea-

| evel . Hence the ease with which the conmet may be

di snmenbered and its particles strung out into streaning

swar ns.

So thickly is the space we traverse strewn with this
conmetary dust that the earth sweeps up, according to

Prof essor Newconb's estimate, a mllion tons of it each
day. Each individual particle, perhaps no |larger than

a mllet seed, becomes a shooting-star, or neteor, as it
burns to vapor in the earth's upper atnosphere. And

if one tiny planet sweeps up such masses of this cosnic
matter, the anmobunt of it in the entire stretch of our system
nmust be beyond all estinate. What a story it tells

of the nyriads of conetary victins that have fallen

prey to the sun since first he stretched his planetary net

across the heavens!

THE FI XED STARS
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When Biela's conet gave the inhabitants of the earth
such a fright in 1832, it really did not cone within
fifty mllions of nmles of us. Even the great conet

t hrough whose filnmy tail the earth passed in 1861 was
itself fourteen millions of mles away. The ordinary
m nd, schooled to nmeasure space by the tiny stretches
of a pygny planet, cannot grasp the inport of such

di stances; yet these are nere units of neasure conpare
with the vast stretches of sidereal space. Wre

the conet which hurtles past us at a speed of, say, a
hundred nmiles a second to continue its mad flight unch
straight into the void of space, it nust fly on

its frigid way eight thousand years before it could
reach the very nearest of our neighbor stars; and even
then it would have penetrated but a mere arnis-length
into the vistas where lie the dozen or so of siderea
that are next beyond. Even to the trained mnd

such di stances are only vaguely i nmgi nable. Yet the
astrononer of our century has reached out across this
unt hi nkabl e void and brought back many a secret

whi ch our predecessors thought forever beyond human

grasp.

A tentative assault upon this stronghold of the stars

was bei ng made by Herschel at the beginning of the

d

ecked

residents

century. In 1802 that greatest of observing astrononers

announced to the Royal Society his discovery that
certain double stars had changed their relative posit

t owards one another since he first carefully charted
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them twenty years before. Hitherto it had been supposed
t hat double stars were nere optical effects. Now
it becane clear that some of them at any rate, are

true "binary systens," |inked together presumably by
gravitation and revol ving about one another. Halley

had shown, three-quarters of a century before, that the
stars have an actual or "proper" notion in space;

Her schel hinself had proved that the sun shares this
notion with the other stars. Here was another shift

of place, hitherto quite unsuspected, to be reckoned

with by the astrononer in fathom ng sidereal secrets.

Doubl e Stars

When John Herschel, the only son and the worthy
successor of the great astrononmer, began star-gazing in
earnest, after graduating senior wangler at Canbridge,
and meking two or three tentative professional starts in
other directions to which his versatile genius inpelled
him his first extended work was the observation of his
father's double stars. His studies, in which at first he
had the coll aboration of M. James South, brought to
[ight scores of hitherto unrecognized pairs, and gave
fresh data for the calculation of the orbits of those

| onger known. So also did the independent researches

of F. G W Struve, the enthusiastic observer of the

famus Russi an observatory at the university of Dorpat,
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and subsequently at Pul kowa. Utilizing data

gat hered by these observers, M Savary, of Paris,

showed, in 1827, that the observed elliptical orbits of
the double stars are explicable by the ordinary | aws of
gravitation, thus confirm ng the assunption that Newton's
| aws apply to these sidereal bodies. Henceforth

there could be no reason to doubt that the same force
which holds terrestrial objects on our globe pulls at
each and every particle of matter throughout the visible

uni ver se.

The pi oneer explorers of the double stars early found
that the systens into which the stars are |linked are hy
no nmeans confined to single pairs. Oten three or four
stars are found thus closely connected into gravitation
systens; indeed, there are all gradati ons between binary
systens and great clusters containing hundreds or

even thousands of nenbers. It is known, for exanple,

that the famliar cluster of the Pleiades is not nerely
an optical grouping, as was fornmerly supposed, but an
actual federation of associated stars, sone two thousand
five hundred in nunber, only a few of which are

visible to the unaided eve. And the nore carefully

the notions of the stars are studied, the nore evident

it becones that widely separated stars are |inked together
into infinitely conplex systens, as yet but little
understood. At the sane tine, all instrumental advances
tend to resolve nore and nore seeningly single

stars into close pairs and m nor clusters. The two
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Her schel s between them di scovered sone thousands

of these close nmultiple systens; Struve and others increased
the Iist to above ten thousand; and M. S. W

Burnham of |late years the npbst enthusiastic and successfu
of doubl e-star pursuers, added a thousand new

di scoveries while he was still an amateur in astronomy,

and by profession the stenographer of a Chicago court.
Clearly the actual nunber of nmultiple stars is beyond

all present estimte.

The el der Herschel's early studies of double stars

were undertaken in the hope that these objects m ght

aid himin ascertaining the actual distance of a star

t hrough nmeasurement of its annual parallax--that is to
say, of the angle which the dianeter of the earth's

orbit would subtend as seen fromthe star. The expectation
was not fulfilled. The apparent shift of

position of a star as viewed from opposite sides of the
earth's orbit, fromwhich the parallax m ght be estimated,
is so extrenely mnute that it proved utterly

i nappreci able, even to the al nost preternaturally acute
vision of Herschel, with the aid of any instrunenta

nmeans then at command. So the problem of star distance
allured and eluded himto the end, and he died

in 1822 without seeing it even in prospect of solution

His estimate of the m ni mum di stance of the nearest

star, based though it was on the fallacious test of apparent

brilliancy, was a singularly sagaci ous one, but it
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was at best a scientific guess, not a scientific measurenent.

The Di stance of the Stars

Just about this tinme, however, a great optician cane

to the aid of the astronomers. Joseph Fraunhofer perfected
the refracting tel escope, as Herschel had perfected

the reflector, and invented a wonderfully accurate
"heliometer,"” or sun-measurer. Wth the aid of

these instruments the old and alnost infinitely difficult
probl em of star distance was solved. In 1838 Besse
announced fromthe Koni gsherg observatory that he

had succeeded, after nonths of effort, in detecting and
measuring the parallax of a star. Simlar clains had

been made often enough before, always to prove fallacious
when put to further test; but this time the announcenent
carried the authority of one of the greatest

astrononers of the age, and scepticismwas sil enced.

Nor did Bessel's achievenent |ong await corroboration.
I ndeed, as so often happens in fields of discovery,
two other workers had al nost sinultaneously

sol ved the same problem-Struve at Pul kowa, where

t he great Russian observatory, which so | ong held the
pal m over all others, had now been established; and
Thomas Henderson, then working at the Cape of Good
Hope, but afterwards the Astrononer Royal of Scotl and.

Hender son' s observations had actual precedence
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in point of time, but Bessel's neasurenents were so
much nmore numerous and authoritative that he has

been uniformy considered as deserving the chief credit
of the discovery, which priority of publication secured

hi m

By an odd chance, the star on which Henderson's observations
were made, and consequently the first star

the parallax of which was ever neasured, is our nearest

nei ghbor in sidereal space, being, indeed, some ten billions
of mles nearer than the one next beyond. Yet

even this nearest star is nmore than two hundred thousand
times as rempte fromus as the sun. The sun's

light flashes to the earth in eight mnutes, and to Neptune
in about three and a half hours, but it requires

three and a half years to signal Al pha Centauri. And

as for the great mpjority of the stars, had they been

bl otted out of existence before the Christian era, we of
to-day should still receive their light and seemto see
them just as we do. When we | ook up to the sky, we

study ancient history; we do not see the stars as they

ARE, but as they WERE years, centuries, even nillennia

ago.

The information derived fromthe parallax of a star
by no nmeans halts with the disclosure of the distance of
that body. Distance known, the proper notion of the

star, hitherto only to be reckoned as so nany seconds of
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arc, may readily be translated into actual speed of progress;
rel ati ve brightness becones absolute lustre, as

conpared with the sun; and in the case of the double
stars the absolute mass of the conponents may be conputed
fromthe laws of gravitation. It is found that

stars differ enornously anong thenselves in all these
regards. As to speed, sonme, |ike our sun, barely creep

t hrough space--conpassing ten or twenty mles a second,

it is true, yet even at that rate only passing

t hrough the equivalent of their own dianeter in a day.

At the other extreme, anbong nmeasured stars, is one

that noves two hundred miles a second; yet even this

"flying star," as seen fromthe earth, seens to change

its place by only about three and a half lunar diameters
in a thousand years. In brightness, sone stars yield to
the sun, while others surpass himas the arc-1ight surpasses
a candle. Arcturus, the brightest nmeasured star

shines |ike two hundred suns; and even this giant orb

is dimbeside those other stars which are so distant that
their parallax cannot be neasured, yet which greet our
eyes at first magnitude. As to actual bulk, of which
apparent lustre furnishes no adequate test, sone stars

are smaller than the sun, while others exceed hi m hundreds
or perhaps thousands of tines. Yet one and all

so distant are they, remain nmere disklike points of |ight

before the utnost powers of the nodern tel escope.

Revel ati ons of the Spectroscope
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All this seens wonderful enough, but even greater

things were in store. In 1859 the spectroscope cane

upon the scene, perfected by Kirchhoff and Bunsen

al ong lines pointed out by Fraunhofer alnmost half a
century before. That marvellous instrument, by

revealing the telltale Iines sprinkled across a prismatic
spectrum discloses the chem cal nature and physica
condition of any substance whose light is submtted to
it, telling its story equally well, provided the |ight be
strong enough, whether the |um nous substance be near

or far--in the same roomor at the confines of space.
Clearly such an instrunent nust prove a veritable

magi ¢ wand in the hands of the astrononer.

Very soon eager astrononers all over the world were
putting the spectroscope to the test. Kirchhoff hinself
| ed the way, and Donati and Father Secchi in Italy,
Huggins and M I ler in England, and Rutherfurd in
America, were the chief of his immed ate foll owers.

The results exceeded the dreans of the npst visionary.
At the very outset, in 1860, it was shown that such
conmon terrestrial substances as sodium iron, calcium
magnesi um ni ckel, barium copper, and zinc exist

in the formof glow ng vapors in the sun, and very soon
the stars gave up a correspondi ng secret. Since then
the work of solar and sidereal analysis has gone on

steadily in the hands of a nultitude of workers (promn nent
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anong whom in this country, are Professor

Young of Princeton, Professor Langley of Washi ngton,
and Professor Pickering of Harvard), and nore

than half the known terrestrial elenents have been
definitely located in the sun, while fresh discoveries

are in prospect.

It is true the sun al so contains sone seening el enents
that are unknown on the earth, but this is no

matter for surprise. The nodern chem st nakes no
claimfor his elements except that they have thus far
resisted all human efforts to dissociate them it would
be nothing strange if some of them when subjected to
the crucible of the sun, which is seen to vaporize iron
ni ckel, silicon, should fail to withstand the test. But
again, chenmistry has by no nmeans exhausted the resources
of the earth's supply of raw material, and the
substance which sends its nmessage froma star may

exi st undi scovered in the dust we tread or in the air
we breathe. In the year 1895 two new terrestrial elenents
wer e di scovered; but one of these had for years

been known to the astrononmer as a solar and suspected
as a stellar elenment, and naned helium because of its
abundance in the sun. The spectroscope had reached

out mllions of mles into space and brought back this
new el enent, and it took the chem st a score of years
to di scover that he had all along had sanples of the
same substance unrecogni zed in his sublunary | aboratory.

There is hardly a nore picturesque fact than
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that in the entire history of science.

But the identity in substance of earth and sun and

stars was not nore clearly shown than the diversity of
their existing physical conditions. It was seen that sun
and stars, far from being the cool, earthlike, habitable
bodi es that Herschel thought them (surrounded by

gl owi ng cl ouds, and protected from undue heat by other
clouds), are in truth seething caldrons of fiery liquid, or
gas made viscid by condensation, with lurid envel opes

of belching flames. It was soon made clear, also,
particularly by the studies of Rutherfurd and of Secchi
that stars differ anong thensel ves in exact constitution
or condition. There are white or Sirian stars, whose
spectrumrevels in the lines of hydrogen; yellow or

sol ar stars (our sun being the type), show ng various
metallic vapors; and sundry red stars, with banded
spectra indicative of carbon conpounds; besides the
purely gaseous stars of nore recent discovery, which

Prof essor Pickering had specially studied. Zollner's
famous interpretation of these diversities, as indicative
of varying stages of cooling, has been called in question
as to the exact sequence it postul ates, but the genera
proposition that stars exist under w dely varying conditions

of tenperature is hardly in dispute.

The assunption that different star types mark varying

stages of cooling has the further support of nodern
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physi cs, which has been unable to denonstrate any way

in which the sun's radi ated energy may be restored, or

ot herwi se made perpetual, since neteoric inpact has

been shown to be--under existing conditions, at any
rate--inadequate. In accordance with the theory of

Hel mhol tz, the chief supply of solar energy is held to

be contraction of the solar mass itself; and plainly this
nmust have its linmts. Therefore, unless sone nmeans as

yet unrecognized is restoring the |ost energy to the
stellar bodies, each of them nust gradually lose its lustre,
and conme to a condition of solidification, seem ng
sterility, and frigid darkness. In the case of our own
particular star, according to the estimte of Lord

Kel vin, such a cul mination appears likely to occur

within a period of five or six mllion years.

The Astronomy of the Invisible

But by far the strongest support of such a forecast as

this is furnished by those stellar bodies which even now
appear to have cooled to the final stage of star devel opnent
and ceased to shine. OF this class exanples in

m niature are furnished by the earth and the smaller of

its conmpanion planets. But there are | arger bodies of

the sane type out in stellar space--veritable "dark

stars"--invisible, of course, yet nowadays clearly recognized.

The opening up of this "astronony of the invisible"
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is another of the great achievenments of the nineteenth
century, and again it is Bessel to whomthe honor of

di scovery is due. Wiile testing his stars for parall ax;
that astute observer was led to infer, fromcertain
unexpl ai ned aberrations of notion, that various stars,
Sirius hinmsel f anpbng the nunber, are acconpani ed by

i nvi si bl e conpani ons, and in 1840 he definitely predicated

t he existence of such "dark stars." The correctness
of the inference was shown twenty years

| ater, when Alvan Clark, Jr., the American optician
while testing a new | ens, discovered the conpani on of
Sirius, which proved thus to be faintly |um nous.
Since then the existence of other and quite invisible
star compani ons has been proved i ncontestably, not

merely by renewed tel escopi c observations, but by the

curious testinony of the ubiquitous spectroscope.

One of the nobst surprising acconplishnments of that
instrument is the power to record the flight of a | um nous
object directly in the line of vision. If the | um nous
body approaches swiftly, its Fraunhofer |ines are

shifted fromtheir normal position towards the violet

end of the spectrum if it recedes, the lines shift in the
opposite direction. The actual notion of stars whose

di stance is unknown may be neasured in this way.

But in certain cases the light lines are seen to oscillate
on the spectrumat regular intervals. Obviously the

star sending such light is alternately approachi ng and
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recedi ng, and the inference that it is revolving about a
compani on is unavoi dable. Fromthis extraordinary

test the orbital distance, relative mass, and actua
speed of revolution of the absolutely invisible body

may be determ ned. Thus the spectroscope, which

deals only with light, makes paradoxi cal excursions

into the real mof the invisible. Wiat secrets nay the
stars hope to conceal when questioned by an instrunent

of such necromantic power?

But the spectroscope is not alone in this audacious
assault upon the strongholds of nature. It has a worthy
conpani on and assistant in the photographic film

whose efficient aid has been invoked by the astrononer
even nore recently. Pioneer work in celestia
phot ogr aphy was, indeed, done by Arago in France and

by the el der Draper in America in 1839, but the results
then achi eved were only tentative, and it was not till
forty years later that the nethod assuned really inportant
proportions. In 1880, Dr. Henry Draper, at

Hasti ngs-on-the- Hudson, made the first successfu

phot ograph of a nebula. Soon after, Dr. David GII,

at the Cape observatory, made fine photographs of a
comet, and the flecks of starlight on his plates first
suggested the possibilities of this nmethod in charting

t he heavens.

Since then star-charting with the filmhas conme virtually

to supersede the old nmethod. A concerted effort
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is being made by astrononmers in various parts of the

world to nake a conplete chart of the heavens, and

before the close of our century this work will be acconpli shed,
some fifty or sixty mllions of visible stars being

pl aced on record with a degree of accuracy hitherto

unappr oachabl e. Moreover, other mllions of stars

are brought to light by the negative, which are too distant
or dimto be visible with any tel escopi c powers

yet attained--a fact which wholly discredits all previous
inferences as to the linmts of our sidereal system

Hence, notw t hstandi ng the wonderful instrunental

advances of the nineteenth century, know edge of the

exact form and extent of our universe seens nore

unattai nable than it seemed a century ago.

The Structure of Nebul ae

Yet the new instrunents, while | eaving so nmuch

untol d, have reveal ed sonme vastly inportant secrets of
cosm c structure. In particular, they have set at rest

the | ong-standi ng doubts as to the real structure and
position of the nysterious nebul ae--those | azy masses,
only two or three of themvisible to the unaided eye,
which the tel escope reveals in alnpst |imtless abundance,
scattered everywhere anong the stars, but

grouped in particular about the poles of the stellar

stream or di sk which we call the MIky Wy.
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Herschel's | ater view, which held that sone at | east

of the nebul ae are conposed of a "shining fluid," in
process of condensation to formstars, was generally
accepted for alnmost half a century. But in 1844, when

Lord Rosse's great six-foot reflector--the |argest tel escope
ever yet constructed--was turned on the nebul ae,

it made this hypothesis seemvery doubtful. Just as
Galileo's first lens had resolved the MIky Way into

stars, just as Herschel had resol ved nebul ae that resisted
all instruments but his own, so Lord Rosse's even

greater reflector resolved others that would not yield to
Herschel's largest mirror. It seened a fair inference

that with sufficient power, perhaps sone day to be attai ned,
all nebul ae would yield, hence that all are in

reality what Herschel had at first thought thent-

vastly distant "island universes," conposed of aggregations

of stars, conparable to our own gal actic system

But the inference was wong; for when the spectroscope
was first applied to a nebula in 1864, by Dr. Huggins,

it clearly showed the spectrum not of discrete

stars, but of a great mass of gl ow ng gases, hydrogen
anong others. Mre extended studies showed, it is

true, that some nebul ae give the continuous spectrum

of solids or liquids, but the different types interningle
and grade into one another. Also, the closest affinity

is shown between nebul ae and stars. Some nebul ae are

found to contain stars, singly or in groups, in their
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actual midst; certain condensed "planetary" nebul ae

are scarcely to be distinguished fromstars of the gaseous
type; and recently the photographic film has

shown the presence of nebul ous matter about stars

that to telescopic vision differ in no respect fromthe
generality of their fellows in the galaxy. The famliar
stars of the Pleiades cluster, for exanple, appear on the
negative i mersed in a hazy blur of light. Al in all

the accunul ated i npressi ons of the photographic film
reveal a prodigality of nebulous matter in the stellar

system not hitherto even conjectured.

And so, of course, all question of "island universes"

vani shes, and the nebul ae are relegated to their true position
as conponent parts of the one stellar system-the

one universe--that is open to present human inspection.

And these vast clouds of world-stuff have been found

by Professor Keeler, of the Lick observatory, to be

floating through space at the starlike speed of from

ten to thirty-eight mles per second.

The |inking of nebulae with stars, so clearly evidenced

by all these nodern observations, is, after all

only the scientific corroboration of what the el der Herschel's
|ater theories affirmed. But the nebul ae have

other affinities not until recently suspected; for the
spectra of sonme of themare practically identical with

the spectra of certain conets. The conclusion seens
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warranted that conets are in point of fact mnor nebul ae
that are drawn into our system or, putting it otherw se,
that the tel escopic nebulae are sinply gigantic

di stant conets.

Lockyer's Meteoric Hypothesis

Foll owi ng up the surprising clews thus suggested,

Sir Norman Lockyer, of London, has in recent years

el aborated what is perhaps the nost conprehensive
cosnogoni ¢ guess that has ever been attenpted. His

theory, known as the "neteoric hypothesis," probably

bears the sanme relation to the specul ative thought of

our time that the nebul ar hypothesis of Laplace bore

to that of the eighteenth century. Qutlined in a few
words, it is an attenpt to explain all the major phenonena
of the universe as due, directly or indirectly, to

the gravitational inmpact of such neteoric particles, or
specks of cosmic dust, as comets are conposed of. Nebul ae
are vast conetary clouds, with particles nore or

| ess widely separated, giving off gases through neteoric
collisions, internal or external, and perhaps glow ng al so
with electrical or phosphorescent light. Gavity eventually
brings the nebular particles into closer aggregations,

and increased collisions finally vaporize the entire

mass, form ng planetary nebul ae and gaseous stars.

Conti nued condensati on nmay nmeke the stellar mass

hotter and nore |um nous for a tinme, but eventually
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leads to its liquefaction, and ultimate consolidation--
the aforeti nme nebul ae beconming in the end a dark or

pl anetary star.

The exact correlation which Lockyer attenpts to

poi nt out between successive stages of neteoric condensation
and the various types of observed stellar bodies

does not neet with unani nbus acceptance. M.

Ranyard, for exanple, suggests that the visible nebul ae
may not be nascent stars, but emanations fromstars,

and that the true pre-stellar nebulae are invisible unti
condensed to stellar proportions. But such details

asi de, the broad general hypothesis that all the bodies
of the universe are, so to speak, of a single species--

t hat nebul ae (including conmets), stars of all types, and
pl anets, are but varying stages in the life history of a
single race or type of cosm c organisns--is accepted

by the dom nant thought of our time as having the

hi ghest warrant of scientific probability.

Al this, clearly, is but an anplification of that nebul ar
hypot hesi s which, |long before the spectroscope gave

us warrant to accurately judge our sidereal neighbors,

had bol dly i magi ned the devel opment of stars out of
nebul ae and of planets out of stars. But Lockyer's

hypot hesi s does not stop with this. Having traced the
devel opnental process fromthe nebular to the dark

star, it sees no cause to abandon this dark star to its
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fate by assuming, as the original specul ati on assuned,

that this is a culmnating and final stage of cosmic existence.
For the dark star, though its nolecular activities

have cone to relative stability and i npotence

still retains the enornous potentialities of nolar notion
and clearly, where notion is, stasis is not. Sooner

or later, in its ceaseless flight through space, the dark
star must collide with sone other stellar body, as Dr.
Croll inmagines of the dark bodi es which his "pre-nebul ar

t heory" postul ates. Such collision may be |ong

del ayed; the dark star may be drawn in conet-like circuit
about thousands of other stellar nasses, and be

hurtl ed on thousands of diverse parabolic or elliptica
orbits, before it chances to collide--but that matters

not: "billions are the units in the arithmetic of eternity,”
and sooner or l|later, we can hardly doubt, a collision

nmust occur. Then without question the nutual

i mpact nust shatter both colliding bodies into vapor

or vapor conbined with nmeteoric fragnments; in short,

into a veritable nebula, the matrix of future worlds.

Thus the dark star, which is the |l ast termof one series

of cosm ¢ changes, becones the first term of another
series--at once a post-nebular and a pre-nebul ar condition;
and the nebul ar hypothesis, thus amplified,

ceases to be a mere |inear scale, and is rounded out to
connote an unending series of cosmic cycles, nore

nearly satisfying the inmagination.

In this extended view, nebulae and | um nous stars are
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but the infantile and adol escent stages of the life history
of the cosmic individual; the dark star, its adult

stage, or tinme of true virility. O we may think of the
shrunken dark star as the germcell, the pollen-grain, of
the cosmic organism Reduced in size, as becones a
germcell, to a nmere fraction of the nebular body from
which it sprang, it yet retains within its seem ngly non-
vital body all the potentialities of the original organism
and requires only to blend with a fellowcell to

bring a new generation into being. Thus may the

cosm c race, whose aggregate census makes up the

stellar universe, be perpetuated--individual solar systens,
such as ours, being born, and growi ng old, and

dying to live again in their descendants, while the universe
as a whole nmaintains its unified integrity throughout

all these internal nmutations--passing on, it may be,

by infinitesiml stages, to a cul mnation hopel essly beyond

human conpr ehensi on.

[11. THE NEW SClI ENCE OF PALEONTOLOGY

WLLIAM SM TH AND FOSSI L SHELLS

Ever since Leonardo da Vinci first recognized the

true character of fossils, there had been here and

there a man who realized that the earth's rocky crust
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is one gigantic mausol eum Here and there a dilettante
had filled his cabinets with relics fromthis nonster
crypt; here and there a phil osopher had pondered

over them-questioning whet her perchance they had

once been alive, or whether they were not nere

abortive souvenirs of that time when the fertile matrix

of the earth was supposed to have

"teened at a birth
I nnunerous living creatures, perfect fornms,

Li nbed and full grown."

Sone few of these phil osophers--as Robert Hooke and

Steno in the seventeenth century, and Moro, Leibnitz,
Buf f on, Whitehurst, Werner, Hutton, and others in the

ei ght eent h--had vaguely concei ved the inportance of
fossils as records of the earth's ancient history, but the
wi sest of them no nore suspected the full inport of the
story witten in the rocks than the average stroller in

a nodern nmuseum suspects the meaning of the hieroglyphs

on the case of a nmummy.

It was not that the rudinments of this story are so
very hard to deci pher--though in truth they are hard
enough--but rather that the nmen who made the attenpt
had all along viewed the subject through an atnosphere
of preconception, which gave a distorted

i mge. Before this imge could be corrected it was

necessary that a man shoul d appear who coul d see
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wi t hout prejudice, and apply sound conmpn-sense to

what he saw. And such a nan did appear towards the

close of the century, in the person of Wlliam Smith, the
Engli sh surveyor. He was a sel f-taught man, and perhaps
the nore i ndependent for that, and he had the

gift, besides his sharp eyes and receptive mnd, of a
nost tenaci ous nenory. By exercising these faculties,
rare as they are honely, he led the way to a

sci ence which was destined, in its |ater devel opnents,

to shake the structure of established thought to its

f oundati ons.

Little enough did WIlliam Snmth suspect, however,

that any such dire consequences were to conme of his act
when he first began noticing the fossil shells that here
and there are to be found in the stratified rocks and
soils of the regions over which his surveyor's duties |ed
him Nor, indeed, was there anything of such apparent
revolutionary character in the facts which he

unearthed; yet in their inplications these facts were

the nost disconcerting of any that had been reveal ed

since the days of Copernicus and Galileo. In its bald
essence, Smith's discovery was sinply this: that the
fossils in the rocks, instead of being scattered haphazard,
are arranged in regular systems, so that any

given stratum of rock is labelled by its fossil popul ation
and that the order of succession of such groups of

fossils is always the sane in any vertical series of strata
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in which they occur. That is to say, if fossil A underlies
fossil B in any given region, it never overlies it in

any ot her series; though a kind of fossils found in one
set of strata nay be quite omitted in another. Moreover,

a fossil once having di sappeared never reappears

in any later stratum

From t hese novel facts Smith drew the commpnsense

i nference that the earth had had successive popul ations

of creatures, each of which in its turn had becone

extinct. He partially verified this inference by

conparing the fossil shells with existing species of sinlar
orders, and found that such as occur in ol der

strata of the rocks had no counterparts anong living
species. But, on the whole, being eminently a practica

man, Smith troubled hinmself but little about the inferences
that might be drawn fromhis facts. He was

chiefly concerned in using the key he had di scovered

as an aid to the construction of the first geol ogi cal map
of Engl and ever attenpted, and he left to others the
untangling of any snarls of thought that m ght seem

to arise fromhis discovery of the succession of varying

forms of life on the gl obe.

He di ssemi nated his views far and w de, however, in
the course of his journeyings--quite disregarding the
fact that peripatetics went out of fashion when the
printing-press canme in--and by the beginning of the

ni neteenth century he had begun to have a follow ng
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among t he geol ogi sts of England. It nmust not for a

nmonment be supposed, however, that his contention regarding
the succession of strata met with i nmedi ate

or general acceptance. On the contrary, it was nost
bitterly antagoni zed. For a |ong generation after the

di scovery was made, the generality of men, prone as

always to strain at gnats and swall ow canmels, preferred

to believe that the fossils, instead of being deposited in
successi ve ages, had been swept all at once into their
present positions by the current of a mighty flood--and
that flood, needless to say, the Noachian del uge. Just

how t he nunberl ess successive strata could have been

laid down in orderly sequence to the depth of severa

mles in one such fell cataclysmwas indeed puzzling,
especially after it cane to be admitted that the heaviest
fossils were not found always at the bottom but to

doubt that this had been done in some way was rank

heresy in the early days of the nineteenth century.

CUVI ER AND FOSSI L VERTEBRATES

But once discovered, WIlliam Smth's unique facts

as to the succession of forms in the rocks would not
down. There was one nobst vital point, however, regarding
whi ch the inferences that seemto follow from

these facts needed verification--the question, nanely,

whet her the di sappearance of a fauna fromthe register
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in the rocks really inplies the extinction of that fauna.
Everything really depended upon the answer to that
qguestion, and none but an acconplished naturali st

could answer it with authority. Fortunately, the nopst
authoritative naturalist of the tinme, George Cuvier

took the question in hand--not, indeed, with the idea

of verifying any suggestion of Smith's, but in the course
of his own original studies--at the very begi nning of

the century, when Smith's views were attracting genera

attention.

Cuvier and Smith were exact contenporaries, both

men havi ng been born in 1769, that "fertile year"

whi ch gave the worl d al so Chat eaubri and, Von Humbol dt,
Wel |i ngton, and Napol eon. But the French naturali st

was of very different antecedents fromthe English
surveyor. He was brilliantly educated, had early

gai ned recognition as a scientist, and while yet a young
man had come to be known as the forenpst conparative
anatomi st of his time. It was the anatom cal

studies that led himinto the real mof fossils. Some
bones dug out of the rocks by worknen in a quarry

were brought to his notice, and at once his trained eye
told himthat they were different from anything he had
seen before. Hitherto such bones, when not entirely

i gnored, had been for the npbst part ascribed to giants
of former days, or even to fallen angels. Cuvier soon
showed that neither giants nor angels were in question

but el ephants of an unrecogni zed speci es. Conti nuing
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his studies, particularly with material gathered from
gypsum beds near Paris, he had accunul ated, by the
begi nni ng of the nineteenth century, bones of about
twenty-five species of animals that he believed to be

different fromany now living on the gl obe

The fanme of these studies went abroad, and presently

fossil bones poured in fromall sides, and Cuvier's conviction
that extinct forns of animals are represented

anong the fossils was sustained by the evidence of

many strange and anomal ous fornms, some of them of

gigantic size. In 1816 the fanmpbus Ossenents Fossiles,

descri bing these novel objects, was published, and vertebrate
pal eont ol ogy becane a sci ence. Anpbng ot her

t hi ngs of great popular interest the book contained the

first authoritative description of the hairy el ephant,

nanmed by Cuvier the mammoth, the renmins of which

bad been found enbedded in a mass of ice in Siberia in

1802, so wonderfully preserved that the dogs of the

Tungusi an fishermen actually ate its flesh. Bones of

the sane species had been found in Siberia severa

years before by the naturalist Pallas, who had al so

found the carcass of a rhinoceros there, frozen in a

mud- bank; but no one then suspected that these were

menbers of an extinct popul ation--they were supposed

to be nerely transported relics of the flood.

Cuvi er, on the other hand, asserted that these and the
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ot her creatures he described had Iived and died in the
regi on where their remins were found, and that npst

of them have no living representatives upon the gl obe.
This, to be sure, was nothing nore than Wlliam Snmith

had tried all along to establish regarding | ower fornms of
life; but flesh and bl ood nonsters appeal to the imagination
in away quite beyond the power of nmere shells;

so the announcement of Cuvier's discoveries aroused

the interest of the entire world, and the Ossenents
Fossil es was accorded a popul ar reception sel dom

given a work of technical science--a reception in

whi ch the enthusiastic approval of progressive geol ogists

was mingled with the bitter protests of the conservatives.

"Naturalists certainly have neither explored all the

continents," said Cuvier, "nor do they as yet even know

all the quadrupeds of those parts which have been expl ored.
New species of this class are discovered from

time to tine; and those who have not exam ned with

attention all the circunstances belonging to these discoveries
may al |l ege al so that the unknown quadrupeds,

whose fossil bones have been found in the strata

of the earth, have hitherto remai ned concealed in

sone islands not yet discovered by navigators, or in

some of the vast deserts which occupy the m ddle of

Africa, Asia, the two Americas, and New Hol | and.

"But if we carefully attend to the kind of quadrupeds
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t hat have been recently discovered, and to the
circunstances of their discovery, we shall easily perceive
that there is very little chance indeed of our ever
finding alive those which have only been seen in a

fossil state.

"Islands of npderate size, and at a considerabl e distance
fromthe |large continents, have very few quadrupeds.
These nust have been carried to them from

ot her countries. Cook and Bougainville found no

ot her quadrupeds besi des hogs and dogs in the South

Sea | slands; and the | argest quadruped of the West

I ndia Islands, when first discovered, was the agouti, a
speci es of the cavy, an animl apparently between the

rat and the rabbit.

"It is true that the great continents, as Asia, Africa,
the two Americas, and New Hol | and, have | arge quadrupeds,
and, generally speaking, contain species commn

to each; insomrmuch, that upon discovering countries

which are isolated fromthe rest of the world, the
animals they contain of the class of quadruped were
found entirely different fromthose which existed in

ot her countries. Thus, when the Spaniards first penetrated
into South Anerica, they did not find it to contain

a single quadruped exactly the same with those of

Eur ope, Asia, and Africa. The puma, the jaguar, the

tapir, the capybara, the Ilama, or glam, and vicuna,
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and the whole tribe of sapajous, were to thementirely
new ani mal s, of which they had not the small est

i dea. ...

"If there still remined any great continent to be

di scovered, we m ght perhaps expect to be made acquai nted
with new species of |arge quadrupeds, anong

whi ch sone m ght be found nore or less simlar to those
of which we find the exuviae in the bowels of the earth.
But it is merely sufficient to glance the eye over the
maps of the world and observe the innunerable directions
i n which navigators have traversed the ocean,

in order to be satisfied that there does not remain any
large land to be discovered, unless it may be situated
towards the Antarctic Pole, where eternal ice necessarily

forbids the existence of animal life."[1]

Cuvi er then points out that the ancients were wel
acquainted with practically all the animls on the
continents of Europe, Asia, and Africa now known to
scientists. He finds little grounds, therefore, for belief
in the theory that at one tine there were nonstrous
animals on the earth which it was necessary to destroy

in order that the present fauna and nen nmight flourish.
After reviewi ng these theories and beliefs in detail, he
takes up his Inquiry Respecting the Fabul ous Animals

of the Ancients. "It is easy," he says, "to reply to
t he foregoi ng objections, by exam ning the descriptions

that are left us by the ancients of those unknown ani nal s,
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and by inquiring into their origins. Now that

the greater nunber of these animals have an origin,

the descriptions given of them bear the npbst unequi voca
marks; as in alnost all of themwe see nerely the

di fferent parts of known aninmals united by an unbridled
i magi nation, and in contradiction to every established

| aw of nature."[2]

Havi ng shown how t he fabul ous nonsters of ancient

times and of foreign nations, such as the Chinese, were
sinply products of the imagination, having no prototypes
in nature, Cuvier takes up the consideration of the

difficulty of distinguishing the fossil bones of quadrupeds.

We shall have occasion to revert to this part of Cuvier's
paper in another connection. Here it suffices to

pass at once to the final conclusion that the fossil bones
in question are the remains of an extinct fauna, the |ike
of which has no present-day representati on on the

earth. Whatever its inplications, this conclusion now

seened to Cuvier to be fully established.

In England the interest thus aroused was sent to
fever-heat in 1821 by the discovery of abundant beds

of fossil bones in the stalagmte-covered floor of a cave
at Kirkdal e, Yorkshire which went to show that Engl and,
too, had once had her share of gigantic beasts.

Dr. Buckl and, the incunmbent of the chair of geol ogy
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at Oxford, and the nost authoritative English geol ogi st
of his day, took these finds in hand and showed that

t he bones bel onged to a nunber of species, including
such alien forns as el ephants, rhinoceroses, hippopotam,
and hyenas. He mmintained that all of these

creatures had actually lived in Britain, and that the
caves in which their bones were found had been the

dens of hyenas.

The claimwas hotly disputed, as a natter of course.

As | ate as 1827 books were published denounci ng Buckl and,
doctor of divinity though he was, as one who had

joined in an "unhal |l owed cause,"” and reiterating the old
cry that the fossils were only remains of tropical species
washed thither by the deluge. That they were found

in solid rocks or in caves offered no difficulty, at |east
not to the fertile imagination of Ganville Penn, the

| eader of the conservatives, who clung to the old idea

of Wbodward and Cattcut that the deluge had dissol ved

the entire crust of the earth to a paste, into

which the relics now called fossils had settled. The
caves, said M. Penn, are nerely the result of gases

given off by the carcasses during deconposition--

great air-bubbles, so to speak, in the pasty mass, beconi ng
caverns when the waters receded and the paste

har dened to rocky consi stency.

But these and such-1ike fanciful views were doonmed

even in the day of their utterance. Already in 1823
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ot her gigantic creatures, christened ichthyosaurus and
pl esi osaurus by Conybeare, had been found in deeper
strata of British rocks; and these, as well as other
nonst ers whose renmi ns were unearthed in various parts
of the world, bore such strange forms that even the

nost sceptical could scarcely hope to find their counterparts
anong living creatures. Cuvier's contention that

all the larger vertebrates of the existing age are known
to naturalists was borne out by recent explorations,

and there seenmed no refuge fromthe conclusion that

the fossil records tell of populations actually extinct.
But if this were admitted, then Smith's view that there
have been successive rotations of population could no

| onger be denied. Nor could it be in doubt that the
successi ve faunas, whose individual remains have been
preserved in nyriads, representing extinct species by

t housands and tens of thousands, nust have required

vast periods of time for the production and growth of

their countl ess generations.

As these facts cane to be generally known, and as it

came to be understood in addition that the very matrix

of the rock in which fossils are inbedded is in

many cases one gigantic fossil, conposed of the remains

of mcroscopic forns of |ife, commpn-sense,

which, after all, is the final tribunal, came to the aid of
bel abored science. It was conceded that the only

tenable interpretation of the record in the rocks is that
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nunmer ous popul ati ons of creatures, distinct fromone

anot her and from present forns, have risen and passed
away; and that the geologic ages in which these creatures
lived were of inconceivable |ength. The rank and

file came thus, with the aid of fossil records, to realize
the inmport of an idea which James Hutton, and here and
there anot her thinker, had conceived with the swift intuition
of genius long before the science of pal eontol ogy

came into existence. The Huttonian proposition

that time is |long had been abundantly established,

and by about the close of the first third of the | ast
century geol ogi sts had begun to speak of "ages" and
"untold aeons of time" with a fanmiliarity which their

predecessors had reserved for days and decades.

CHARLES LYELL COVBATS CATASTROPHI SM

And now a new question pressed for solution. If the
earth has been inhabited by successive popul ati ons of
bei ngs now extinct, how have all these creatures been
destroyed? That question, however, seened to present
no difficulties. It was answered out of hand by the
application of an old idea. Al down the centuries,
what ever their varying phases of cosnogonic thought,
there had been ever present the idea that past tines
were not as recent tines; that in renote epochs the
earth had been the scene of awful catastrophes that

have no parallel in "these degenerate days." Naturally
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enough, this thought, embal med in every cosnopgonic
specul ati on of whatever origin, was appealed to in

expl anation of the destruction of these hitherto uni nagi ned
hosts, which now, thanks to science, rose from

their abysmal slunber as incontestable, but also as

silent and as thought-provocative, as Sphinx or pyramd.
These ancient hosts, it was said, have been externi nated

at intervals of odd mllions of years by the recurrence

of catastrophes of which the Msaic deluge is

the |l atest, but perhaps not the |ast.

Thi s explanation had fullest warrant of scientific authority.
Cuvi er had prefaced his classical work with

a specul ative disquisition whose very title (Discours

sur |l es Revolutions du G obe) is om nous of

catastrophism and whose text fully sustains the augury.

And Buckl and, Cuvier's forenost foll ower across the

Channel , had gone even beyond the master, nam ng

the work in which he described the Kirkdale fossils,

Rel i qui ae Dil uvi anae, or Proofs of a Universal Del uge.

Both these authorities supposed the creatures whose
remai ns they studied to have perished suddenly in the
m ghty fl ood whose awful current, as they supposed,
gouged out the nodern valleys and hurl ed great bl ocks
of granite broadcast over the |and. And they invoked

simlar floods for the exterm nation of previous popul ations.
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It is true these scientific citations had net with only
qual ified approval at the tine of their utterance, because
then the conservative majority of mankind did

not concede that there had been a plurality of popul ations
or revolutions; but now that the belief in past

geol ogi ¢ ages had ceased to be a heresy, the recurring

cat astrophes of the great pal eontol ogi sts were accepted
with acclaim For the nmonent science and tradition

were at one, and there was a truce to controversy, except

i ndeed in those outlying skirm sh-1ines of thought

whi t her news from headquarters does not perneate til

it has becone ancient history at its source.

The truce, however, was not for |long. Hardly had

cont enporary thought begun to adjust itself to the
conception of past ages of inconprehensible extent,

each term nated by a catastrophe of the Noachian

type, when a nman appeared who nmade the utterly bew | dering
assertion that the geol ogical record, instead

of proving nunmerous catastrophic revolutions in the
earth's past history, gives no warrant to the pretensions
of any universal catastrophe whatever, near or

renote.

Thi s iconoclast was Charles Lyell, the Scotchman,

who was soon to be fanbus as the greatest geol ogist of
his time. As a young nan he had becone i nbued with
the force of the Huttonian proposition, that present

causes are one with those that produced the past
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changes of the globe, and he carried that idea to what
he conceived to be its logical conclusion. To his mnd
this excluded the thought of catastrophic changes in

ei ther inorganic or organic worlds.

But to deny catastrophismwas to suggest a revol ution
in current thought. Needless to say, such revolution
could not be effected without a | ong contest. For

a score of years the matter was argued pro and con.
often with nost unscientific ardor. A nere outline of
the controversy would fill a volune; yet the essentia
facts with which Lyell at |ast established his proposition,
inits bearings on the organic world, nay be epitom zed
in a few words. The evidence which seens to tel

of past revolutions is the apparently sudden change of
fossils fromone stratumto another of the rocks. But
Lyell showed that this change is not always conpl ete.
Some species live on fromone all eged epoch

into the next. By no neans all the contenporaries

of the mammoth are extinct, and nunerous mari ne

forms vastly nore ancient still have |living representatives.

Mor eover, the bl anks between strata in any particular
vertical series are anply filled in with records in the
formof thick strata in sonme geographically distant
series. For exanple, in sone regions Silurian rocks are
directly overlaid by the coal neasures; but el sewhere

this sudden break is filled in with the Devoni an rocks
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that tell of a great "age of fishes." So conmonly are
breaks in the strata in one region filled up in another
that we are forced to conclude that the record shown

by any single vertical series is of but l|ocal significance--
telling, perhaps, of a time when that particul ar sea-bed
oscill ated above the water-line, and so ceased to receive
sedi ment until sonme future age when it had oscill ated
back again. But if this be the real significance of the
seenm ngly sudden change from stratumto stratum

then the whol e case for catastrophismis hopelessly |ost;
for such breaks in the strata furnish the only suggestion

geol ogy can offer of sudden and catastrophic changes

of wi de extent.

Let us see how Lyell el aborates these ideas, particularly

with reference to the rotation of species.[2]

"I have deduced as a corollary," he says, "that the
speci es existing at any particular period nmust, in the
course of ages, becone extinct, one after the other
'"They nust die out,' to borrow an enphatic expression
from Buf fon, 'because Tine fights against them' If the
views which | have taken are just, there will be no
difficulty in explaining why the habitations of so nmany
speci es are now restrai ned within exceedi hg narrow
limts. Every local revolution tends to circunscribe
the range of sone species, while it enlarges that of
others; and if we are led to infer that new species originate

in one spot only, each nust require tine to diffuse
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itself over a wide area. It will follow therefore, from
t he adoption of our hypothesis that the recent origin

of sone species and the high antiquity of others are
equal ly consistent with the general fact of their limted
di stribution, some being |ocal because they have not

exi sted long enough to admt of their w de dissem nation
ot hers, because circunstances in the aninmate or

i nani mate world have occurred to restrict the range

wi t hin which they may once have obtai ned.

"If the reader should infer, fromthe facts laid before
him that the successive extinction of aninmals and

pl ants may be part of the constant and regul ar course
of nature, he will naturally inquire whether there are
any neans provided for the repair of these |osses? Is
it possible as a part of the econony of our systemthat
t he habitabl e gl obe should to a certain extent becone
depopul ated, both in the ocean and on the |and, or

that the variety of species should dimnish until some
new era arrives when a new and extraordi nary effort

of creative energy is to be displayed? Or is it possible
t hat new species can be called into being fromtinme to
time, and yet that so astoni shing a phenonenon can

escape the naturalist?
“In the first place, it is obviously nore easy to prove

that a species once nunerously represented in a given

district has ceased to be than that some ot her which
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did not pre-exist had nade its appearance--assuni ng

al ways, for reasons before stated, that single stocks
only of each animal and plant are originally created,
and that individuals of new species did not suddenly

start up in many different places at once.

"So inperfect has the science of natural history remained
down to our own tines that, within the nmenory

of persons now living, the nunbers of known aninals

and plants have doubl ed, or even quadrupled, in

many cl asses. New and often conspi cuous species are
annual Iy discovered in parts of the old continent |ong
i nhabited by the nost civilized nations. Conscious,
therefore, of the linted extent of our information, we
al ways infer, when such discoveries are made, that the
beings in question bad previously eluded our research
or had at |east existed el sewhere, and only mgrated at
a recent period into the territories where we now find

t hem

"What kind of proofs, therefore, could we reasonably
expect to find of the origin at a particular period of a

new speci es?

"Perhaps, it may be said in reply, that within the
last two or three centuries sone forest tree or new
qguadruped m ght have been observed to appear suddenly
in those parts of England or France which had

been nost thoroughly investigated--that naturalists
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m ght have been able to show that no such being inhabited
any other region of the globe, and that there

was no tradition of anything simlar having been

observed in the district where it had nade its appearance.

"Now, al though this objection nmay seem pl ausi bl e,
yet its force will be found to depend entirely on the

rate of fluctuation which we suppose to prevail in the

animal world, and on the proportions which such conspi cuous

subj ects of the animal and vegetabl e ki ngdons

bear to those which are | ess known and escape

our observation. There are perhaps nmore than a mllion
speci es of plants and animals, exclusive of the

nm croscopi ¢ and i nfusory ani mal cul es, now i nhabiting

the terraqueous globe, so that if only one of these were
to become extinct annually, and one new one were to

be every year called into being, much nore than a
mllion of years might be required to bring about a

conpl ete revolution of organic life.

"I am not hazarding at present any hypothesis as to
the probable rate of change, but none will deny that
when the annual birth and the annual death of one

species on the globe is proposed as a nmere specul ation

this, at least, is to imagine no slight degree of instability

in the animate creation. If we divide the surface of
the earth into twenty regions of equal area, one of

these m ght conprehend a space of |and and water
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about equal in dinmensions to Europe, and m ght contain
a twentieth part of the mllion of species which

may be assuned to exist in the animal kingdom In

this region one species only could, according to the rate
of nortality before assuned, perish in twenty years,

or only five out of fifty thousand in the course of a
century. But as a considerable portion of the whole
worl d belongs to the aquatic classes, with which we
have a very inperfect acquai ntance, we nust excl ude
them from our consideration, and, if they constitute
hal f of the entire nunber, then one species only m ght
be lost in forty years anmpbng the terrestrial tribes.
Now t he mammal i a, whether terrestrial or aquatic,

bear so small a proportion to other classes of animals,
form ng | ess, perhaps, than a thousandth part of a
whol e, that, if the longevity of species in the different
orders were equal, a vast period nust el apse before it
woul d cone to the turn of this conspicuous class to

| ose one of their nunber. If one species only of the
whol e ani mal ki ngdom died out in forty years, no

nore than one mammi fer m ght disappear in forty

t housand years, in a region of the dinensions of Europe.

"It is easy, therefore, to see that in a small portion
of such an area, in countries, for exanple, of the
si ze of England and France, periods of nuch greater
duration nust el apse before it would be possible to
authenticate the first appearance of one of the |arger

plants or animls, assum ng the annual birth and death
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of one species to be the rate of vicissitude in the ani mal

creation throughout the world."[ 3]

In a word, then, said Lyell, it becones clear that the
nunber| ess species that have been exterm nated in the
past have died out one by one, just as individuals of a
species die, not in vast shoals; if whole popul ations
have passed away, it has been not by instantaneous
exterm nation, but by the elimnation of a species now
here, now there, nmuch as one generation succeeds another
inthe life history of any single species. The

causes whi ch have brought about such gradual exterm nations,
and in the long | apse of ages have resulted

in rotations of population, are the sanme natura

causes that are still in operation. Species have died
out in the past as they are dying out in the present,
under influence of changed surroundi ngs, such as altered
climate, or the migration into their territory of

nmore masterful species. Past and present causes are

one--natural law is changel ess and eternal

Such was the essence of the Huttonian doctrine,

whi ch Lyell adopted and extended, and with which his
name will always be associated. Largely through his
efforts, though of course not without the aid of nany
other workers after a time, this idea--the doctrine of

uniformtarianism it cane to be call ed--becane the
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accepted dogma of the geologic world not |ong after the
m ddl e of the nineteenth century. The catastrophists,
after clinging madly to their phantom for a generation
at last capitulated without terns: the old heresy becane
t he new orthodoxy, and the way was paved for a

fresh controversy.

THE ORI G N OF SPECI ES

The fresh controversy followed quite as a matter of
course. For the idea of catastrophismhad not concerned
the destruction of species nerely, but their

i ntroduction as well. |If whole faunas had been extirpated
suddenl y, new faunas had presumably been introduced

with equal suddenness by special creation;

but if species die out gradually, the introduction of new
speci es may be presuned to be correspondi ngly gradual

Then may not the new species of a |later geol ogica

epoch be the nodified |ineal descendants of the

extinct popul ation of an earlier epoch?

The idea that such m ght be the case was not new.

It had been suggested when fossils first began to attract
conspi cuous attention; and such sagaci ous thinkers as

Buf fon and Kant and Goet he and Erasnus Darw n had

been di sposed to accept it in the closing days of the

ei ghteenth century. Then, in 1809, it had been contended

for by one of the early workers in systematic

Get any book for free on: www.Abika.com



History of Science 117

pal eont ol ogy--Jean Baptiste Lanmarck, who had studied

the fossil shells about Paris while Cuvier studied the
vertebrates, and who had been led by these studies to
conclude that there had been not nerely a rotation but

a progression of life on the globe. He found the fossi
shel | s--the fossils of invertebrates, as he hinself had
christened them-in deeper strata than Cuvier's vertebrates;
and he believed that there had been | ong ages

when no higher fornms than these were in existence, and
that in successive ages fishes, and then reptiles, had
been the hi ghest of ani mate creatures, before manmal s,

i ncl udi ng man, appeared. Looki ng beyond the pal e of

his bare facts, as genius sonetines will, he had insisted
that these progressive popul ati ons had devel oped one
from anot her, under influence of changed surroundi ngs,

i n unbroken series.

Of course such a thought as this was hopel essly m spl aced
in a generation that doubted the existence of extinct
species, and hardly less so in the generation that
accepted catastrophism but it had been kept alive by
here and there an advocate |like Geoffrey Saint-Hilaire,
and now t he bani shnent of catastrophi sm opened the

way for its nmore respectful consideration. Respectfu
consideration was given it by Lyell in each recurring
edition of his Principles, but such consideration led to
its unqualified rejection. In its place Lyell put forward

a nodi fied hypothesis of special creation. He assuned
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that fromtine to tine, as the extirpation of a species
had | eft room so to speak, for a new species, such new
speci es had been created de novo; and he supposed that
such intermttent, spasnodic inpulses of creation manifest
t hensel ves nowadays quite as frequently as at any

time in the past. He did not say in so many words

that no one need be surprised to-day were he to see a
new speci es of deer, for exanple, cone up out of the
ground before him "pawing to get free," |like Mlton's
lion, but his theory inplied as nmuch. And that theory,

let it be noted, was not the theory of Lyell alone, but

of nearly all his associates in the geologic world. There
is perhaps no other fact that will bring home to one so
vividly the advance in thought of our own generation

as the recollection that so crude, so al nost unthinkabl e
a conception could have been the current doctrine of

science |l ess than half a century ago.

This theory of special creation, noreover, excluded

the current doctrine of uniformtarianismas night excludes
day, though nost thinkers of the time did not

seemto be aware of the inconpatibility of the two

i deas. It may be doubted whether even Lyell hinself

fully realized it. If he did, he saw no escape fromthe
dilemm, for it seemed to himthat the record in the

rocks clearly disproved the alternative Lamarcki an hypot hesi s.
And al nbst with one accord the pal eontol ogi sts

of the tinme sustained the verdict. Oaen, Agassiz,

Fal coner, Barrande, Pictet, Forbes, repudiated the idea
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as unqualifiedly as their great predecessor Cuvier had
done in the earlier generation. Sone of themdid, indeed,
cone to believe that there is evidence of a progressive
devel opnent of life in the successive ages, but

no such graded series of fossils had been di scovered as
woul d gi ve countenance to the idea that one species had
ever been transforned into another. And to nearly

every one this objection seened insuperable.

But in 1859 appeared a book which, though not

dealing primarily with pal eontol ogy, yet contained a
chapter that reveal ed the geol ogical record in an

al together new light. The book was Charles Darw n's
Oigin of Species, the chapter that wonderful citation of
the "l nperfections of the Ceol ogical Record.” In this
epoch-nmaki ng chapter Darwin shows what conditions

nmust prevail in any given place in order that fossils
shal | be formed, how unusual such conditions are, and
how probable it is that fossils once inbedded in sedi nent
of a sea-bed will be destroyed by netanorphosis

of the rocks, or by denudation when the strata are

rai sed above the water-level. Add to this the fact that
only small territories of the earth have been expl ored
geol ogically, he says, and it becones clear that the

pal eont ol ogi cal record as we now possess it shows but a
mere fragnent of the past history of organisns on the
earth. It is a history "inperfectly kept and witten in

a changing dialect. O this history we possess the | ast
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vol une alone, relating only to two or three countries.
O this volune only here and there a short chapter has
been preserved, and of each page only here and there a

few lines." For a pal eontol ogist to dognmatize from
such a record would be as rash, he thinks, as "for a
naturalist to land for five mnutes on a barren point of

Australia and then discuss the nunber and range of its

productions. "

This citation of observations, which when once pointed

out seened al nost self-evident, came as a revelation

to the geological world. In the clarified view now
possible old facts took on a new nmeaning. It was recall ed
that Cuvier had been obliged to establish a new

order for sone of the first fossil creatures he exam ned,
and that Buckl and had noted that the nondescript

forms were internediate in structure between allied existing
orders. Mre recently such internediate forms

had been di scovered over and over; so that, to name

but one exanple, Omnen had been able, with the aid of
extinct species, to "dissolve by gradations the apparently
wi de interval between the pig and the canel."

Owen, noreover, had been led to speak repeatedly of

the "generalized forms" of extinct aninmals, and Agassiz

had called them "synthetic or prophetic types," these
terms clearly inplying "that such forns are in fact
i ntermedi ate or connecting links." Darwin hinself had

shown sonme years before that the fossil animls of any

continent are closely related to the existing animls
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of that continent--edentates predoni nating, for exanple,

in South Anerica, and marsupials in Australia.

Many observers had noted that recent strata everywhere

show a fossil fauna nore nearly |like the existing

one than do nore ancient strata; and that fossils from

any two consecutive strata are far nore closely related

to each other than are the fossils of two rempte formations,
the fauna of each geol ogi cal formation being,

i ndeed, in a wide view, internedi ate between preceding

and succeedi ng faunas.

So suggestive were all these observations that Lyell

the adm tted | eader of the geol ogical world, after reading
Darwin's citations, felt able to drop his own crass

expl anation of the introduction of species and adopt

the transmutati on hypothesis, thus roundi ng out the
doctrine of uniformtarianismto the full proportions in
whi ch Lamarck had conceived it half a century before.

Not all pal eontol ogists could follow himat once, of
course; the proof was not yet sufficiently denonstrative
for that; but all were shaken in the seem ng security

of their former position, which is always a necessary
stage in the progress of thought. And popul ar interest

in the matter was raised to white heat in a tw nkling.

So, for the third tine in this first century of its existence,

pal eont ol ogy was called upon to play a |eading

role in a controversy whose interest extended far beyond
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t he bounds of staid truth-seeking science. And

the controversy waged over the age of the earth had

not been nore bitter, that over catastrophismnot nore
acrinoni ous, than that which now raged over the question
of the transnmutation of species. The question had

i nplications far beyond the bounds of pal eontol ogy, of
course. The main evidence yet presented had been

drawn fromquite other fields, but by commopn consent
the record in the rocks mght furnish a crucial test of
the truth or falsity of the hypothesis. "He who rejects
this view of the inperfections of the geol ogica

record,” said Darwin, "will rightly reject the whole

t heory."

Wth sonmething nore than nere scientific zeal, therefore,
pal eont ol ogi sts turned anew to the records in the

rocks, to inquire what evidence in proof or refutation

m ght be found in unread pages of the "great stone

book." And, as m ght have been expected, many

m nds being thus prepared to receive new evidence,

such evi dence was not |ong withheld.

FOSSI L MAN

I ndeed, at the nonent of Darwin's witing a new
and very instructive chapter of the geologic record was
bei ng presented to the public--a chapter which for the

first time brought man into the story. In 1859 Dr.
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Fal coner, the distinguished British pal eontol ogi st,

made a visit to Abbeville, in the valley of the Some,

incited by reports that for a decade before bad been

sent out fromthere by M Boucher de Perthes. These

reports had to do with the alleged finding of flint inplenents,
clearly the work of man, in undisturbed gravel -

beds, in the mdst of fossil remains of the nmammoth

and other extinct animals. Wat Fal coner saw there

and what cane of his visit nmay best be told in his own

wor ds:

"I'n Septenber of 1856 | nmade the acquai ntance

of ny distinguished friend M Boucher de Perthes,"

wrote Dr. Fal coner, "on the introduction of M Desnoyers
at Paris, when he presented to nme the earlier

vol une of his Antiquites celtiques, etc., with which | thus
becanme acquainted for the first tine. I was then fresh
fromthe exani nation of the Indian fossil remains of

the valley of the Juma; and the antiquity of the human
race being a subject of interest to both, we conversed
freely about it, each froma different point of

view. M de Perthes invited ne to visit Abbeville, in
order to exam ne his antediluvian collection, fossi

and geol ogical, gleaned fromthe valley of the Somre.
This | was unable to acconplish then, but | reserved

it for a future occasion.

"I'n Cctober, 1856, having determ ned to proceed to
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Sicily, | arranged by correspondence with M Boucher

de Perthes to visit Abbeville on ny journey through
France. | was at the tine in constant comunication

with M. Prestwi ch about the proofs of the antiquity

of the human race yi el ded by the Broxham

Cave, in which he took a lively interest; and | engaged
to communi cate to himthe opinions at which I should
arrive, after my exam nation of the Abbeville collection
M de Perthes gave ne the freest access to his
materials, with unreserved expl anations of all the facts
of the case that had come under his observation; and
havi ng consi dered his Menchecourt Section, taken with
such scrupul ous care, and identified the nolars of el ephas
pri m geni us, which he had exhuned with his own

hands deep in that section, along with flint weapons,
presenting the sanme character as sonme of those found

in the Broxham Cave, | arrived at the conviction that
they were of contenporaneous age, although I was not
prepared to go along with M de Perthes in all his inferences
regardi ng the hieroglyphics and in an industria
interpretation of the various other objects which

he had net with."[4]

That Dr. Fal coner was nuch i npressed by the collection
of M de Perthes is shown in a comrunication

whi ch he sent at once to his friend Prestw ch:

"l have been richly rewarded,” he exclains. "His
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coll ection of wought flint inplenments, and of the objects
of every description associated with them far

exceeds everything | expected to have seen, especially
froma single locality. He has nade great additions,

since the publication of his first volunme, in the second,

which | now have by nme. He showed ne flint hatchets

whi ch HE HAD DUG UP with his own hands, mi xed | NDI SCRI M NATELY

with nolars of el ephas primgenius. | exam ned

and identified plates of the nolars and the

flint objects which were got along with them Abbeville

is an out-of-the-way place, very little visited; and

the French savants who neet himin Paris | augh at

Monsi eur de Perthes and his researches. But after devoting
the greater part of a day to his vast collection

| am perfectly satisfied that there is a great deal of fair
presunptive evidence in favor of many of his specul ations
regarding the renote antiquity of these industria

obj ects and their association with animal s now extinct.

M Boucher's hotel is, fromthe ground floor to garret, a
continued nmuseum filled with pictures, nediaeval art,

and Gaulish antiquities, including antediluvian flint-knives,
fossil-bones, etc. If, during next sunmer,

you shoul d happen to be paying a visit to France, |et

me strongly recommend you to come to Abbeville.

am sure you would be richly rewarded."[5]

This letter aroused the interest of the English geol ogists,
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and in the spring of 1859 Prestwi ch and M.

(afterwards Sir John) Evans nade a visit to Abbeville

to see the specinens and exanmine at first hand the

evi dences as pointed out by Dr. Fal coner. "The evidence

yi el ded by the valley of the Some," continues

Fal coner, in speaking of this visit, "was gone into with

t he scrupul ous care and severe and exhaustive anal ysis

whi ch are characteristic of M. Prestwi ch's researches.

The concl usions to which he was conducted were communi cat ed
to the Royal Society on May 12, 1859, in his

cel ebrated nenoir, read on May 26th and publi shed

in the Philosophical Transactions of 1860, which, in addition
to researches nmade in the valley of the Some,

cont ai ned an account of sinilar phenonena presented

by the valley of the Waveney, near Hoxne, in SuffolKk.

M. Evans communi cated to the Society of Antiquaries

a nmenoir on the character and geol ogi cal position of

the "Flint Inplenents in the Drift,' which appeared in

t he Archaeol ogia for 1860. The results arrived at by

M. Prestwi ch were expressed as foll ows:

"First. That the flint inplenents are the result of

design and the work of man.

"Second. That they are found in beds of gravel, sand,

and clay, which have never been artificially disturbed.

"Third. That they occur associated with the renmins

of land, fresh-water, and nari ne testacea, of
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species now |iving, and nost of themstill common in
t he sane nei ghborhood, and also with the remains of
various manmal i a--a few species now |living, but nore

of extinct forns.

"Fourth. That the period at which their entonbnent

took place was subsequent to the bow der-clay

period, and to that extent post-glacial; and al so that

it was among the latest in geological tine--one apparently
anterior to the surface assumng its present

form so far as it regards sone of the m nor features."[6]

These reports brought the subject of the very significant

human fossils at Abbeville prom nently before

the public; whereas the publications of the original discoverer
Boucher de Perthes, bearing date of 1847, had

been al together ignored. A new aspect was thus given

to the current controversy.

As Dr. Fal coner remarked, geol ogy was now passing
through the sane ordeal that astronony passed in the
age of Galileo. But the tines were changed since the
day when the author of the Dial ogues was hunbl ed before
t he Congregation of the Index, and now no | ndex

Li brorum Prohi bitorum could avail to hide from eager
human eyes such pages of the geologic story as Nature

hersel f had spared. Eager searchers were turning the
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| eaves with renewed zeal everywhere, and with no snal
measure of success. In particular, interest attached
just at this tine to a human skull which Dr. Fuhlrott
had di scovered in a cave at Neanderthal two or three
years before--a crani um which has ever since been
famous as the Neanderthal skull, the type specinmen of
what nodern zool ogi sts are di sposed to regard as a

di stinct species of man, Honp neanderthal ensis. Like

ot hers of the sane type since discovered at Spy, it is
singularly siman in character--1owarched, with receding
forehead and enornous, protuberant eyebrows.

VWhen it was first exhibited to the scientists at Berlin
by Dr. Fuhlrott, in 1857, its human character was
doubted by sonme of the witnesses; of that, however,

there is no present question

This interesting find served to recall with fresh significance
sone observations that had been nmade in

France and Bel gium a | ong generation earlier, but

whose bearings had hitherto been ignored. In 1826

MM  Tournal and Christol had nmade i ndependent discoveries
of what they believed to be hunan fossils

in the caves of the south of France; and in 1827

Dr. Schrerling had found in the cave of Engis, in

West phalia, fossil bones of even greater significance.
Schnerling' s explorations had been made with the

ut nrost care, and patience. At Engis he had found

human bones, including skulls, interm ngled with those

of extinct manmmal s of the manmmoth period in a way
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that left no doubt in his mnd that all dated from
t he sane geol ogi cal epoch. He bad published a ful
account of his discoveries in an el aborate nonograph

i ssued in 1833.

But at that time, as it chanced, human fossils were

under a ban as effectual as any ever pronounced by
canoni cal index, though of far different origin. The
oracul ar voice of Cuvier had declared agai nst the
authenticity of all human fossils. Some of the bones
brought him for exam nation the great anatom st had
pettishly pitched out of the w ndow, declaring them

fit only for a cenetery, and that had settled the matter
for a generation: the evidence gathered by | esser workers
coul d avail nothing agai nst the decision rendered

at the Del phi of Science. But no ban, scientific or

canoni cal, can |longer resist the gernmi native power of a
fact, and so now, after three decades of suppression,

the truth which Cuvier had buried beneath the weight

of his ridicule burst its bonds, and fossil man stood reveal ed,
if not as a flesh-and-blood, at |east as a skeleta

entity.

The recepti on now accorded our prehistoric ancestor

by the progressive portion of the scientific world
amounted to an ovation; but the unscientific masses,

on the other hand, notw thstanding their usual fondness

for tracing renote geneal ogies, still gave the nen
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of Engis and Neanderthal the cold shoul der. Nor

were all of the geologists quite agreed that the
contenporaneity of these human fossils with the aninmals
whose renmmi ns had been mingled with them had been

fully established. The bare possibility that the bones
of man and of animals that |ong preceded hi mhad been
swept together into the eaves in successive ages, and in
some mysterious way interm ngled there, was clung to

by the conservatives as a | ast refuge. But even this
smal | neasure of security was soon to be denied them
for in 1865 two associ ated workers, M Edouard Lartet
and M. Henry Christy, in exploring the caves of Dordogne,
unearthed a bit of evidence agai nst which no

such objection could be urged. This nmonentous exhi bit
was a bit of ivory, a fragment of the tusk of a
manmmot h, on which was scratched a rude but unm st akabl e
outline portrait of the manmoth itself. If al

the evidence as to man's antiquity before presented

was suggestive nerely, here at |ast was denopnstration
for the cave-dwelling man could not well have drawn

the picture of the mammoth unl ess he had seen that
animal, and to admt that man and the mammot h had

been contenporaries was to concede the entire case.

So soon, therefore, as the full inmport of this nobst instructive

work of art came to be realized, scepticismas

to man's antiquity was silenced for all tinme to cone.

In the generation that has el apsed since the first

drawi ng of the cave-dweller artist was discovered, evidences

Get any book for free on: www.Abika.com

130



History of Science 131

of the wi de-spread existence of man in an early

epoch have nmultiplied indefinitely, and to-day the

pal eont ol ogi st traces the history of our race back beyond
the iron and bronze ages, through a neolithic or

pol i shed-stone age, to a paleolithic or rough-stone age,

wi th confidence born of unequivocal know edge. And

he | ooks confidently to the future explorer of the earth's
fossil records to extend the history back into vastly

nore renote epochs, for it is little doubted that paleolithic
man, the nost ancient of our recognized progenitors,

is a nodern conpared to those generations that

represented the real chil dhood of our race.

THE FGOSSI L- BEDS OF AMERI CA

Coincidently with the discovery of these highly suggestive
pages of the geologic story, other still nore instructive
chapters were being brought to light in Anerica.

It was found that in the Rocky Muntain region,

in strata found in ancient |ake beds, records of the
tertiary period, or age of mammls, had been made and
preserved with ful ness not approached in any other region
hitherto geol ogically explored. These records were

made known mainly by Professors Joseph Leidy, O C

Marsh, and E. D. Cope, working independently, and

nore recently by nunerous younger pal eontol ogi sts.
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The profusion of vertebrate remains thus brought to

light quite beggars all previous exhibits in point of nere
nunbers. Professor Marsh, for exanple, who was first

in the field, found three hundred new tertiary species

bet ween the years 1870 and 1876. Meanwhile, in

cretaceous strata, he unearthed renmins of about two
hundred birds with teeth, six hundred pterodactyls,

or flying dragons, sonme with a spread of wi ngs of twenty-
five feet, and one thousand five hundred nosasaurs

of the sea-serpent type, sonme of them sixty feet or nore
in length. In a single bed of Jurassic rock, not |arger
than a good-sized | ecture-room he found the rennins

of one hundred and sixty individuals of mammal s, representing
twenty speci es and ni ne genera; while beds

of the sane age have yielded three hundred reptiles,
varying fromthe size of a rabbit to sixty or eighty feet

in length.

But the chief interest of these fossils fromthe Wst is
not their number but their nature; for anong them are
nunmerous illustrations of just such internediate types

of organisms as nust have existed in the past if the
succession of |ife on the gl obe has been an unbroken
lineal succession. Here are reptiles with bat-Iike w ngs,
and others with bird-1ike pelves and | egs adapted for

bi pedal | oconption. Here are birds with teeth, and

other reptilian characters. In short, what with reptilian
birds and birdlike reptiles, the gap between

nodern reptiles and birds is quite bridged over. In a
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simlar way, various diverse mamualian forms, as the
tapir, the rhinoceros, and the horse, are |inked together
by fossil progenitors. And, nobst inportant of all

Prof essor Marsh has discovered a series of mammalian
remai ns, occurring in successive geol ogi cal epochs,

which are held to represent beyond cavil the actual line
of descent of the nodern horse; tracing the |ineage of
our one-toed species back through two and three toed
forms, to an ancestor in the eocene or early tertiary
that had four functional toes and the rudinent of a
fifth. This discovery is too interesting and too inportant
not to be detailed at length in the words of the

di scoverer.

Marsh Descri bes the Fossil Horse

"It is a well-known fact," says Professor Marsh,

"that the Spanish discoverers of America discovered

no horses on this continent, and that the nodern horse
(Equus cabal lus, Linn.) was subsequently introduced
fromthe Od Wrld. It is, however, not so generally

known that these animals had fornerly been abundant

here, and that |ong before, in tertiary tinme, near

rel ati ves of the horse, and probably his ancestors, existed
in the far West in countless nunbers and in a

marvel | ous variety of forns. The renmmi ns of equine

mammal s, now known fromthe tertiary and quaternary
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deposits of this country, already represent nore than
doubl e the nunmber of genera and species hitherto found

in the strata of the eastern hem sphere, and hence afford
nost inmportant aid in tracing out the geneal ogy

of the horses still existing.

"The animals of this group which lived in Anerica

during the three diversions of the tertiary period were
especially nunmerous in the Rocky Mountain regions,

and their remains are well preserved in the old | ake
basi ns which then covered so nuch of that country.

The npst ancient of these | akes--which extended over

a considerable part of the present territories of Woning
and Ut ah--remained so long in eocene tinmes that

the nmud and sand, slowy deposited in it, accunul ated

to more than a mle in vertical thickness. In these
deposits vast nunbers of tropical aninmls were

entonbed, and here the ol dest equi ne renmai ns occur

four species of which have been described. These

bel ong to the genus Orohi ppus (Marsh), and are all of a
di m nutive size, hardly bigger than a fox. The skel etons
of these animals resenble that of the horse in

many respects, nuch nore i ndeed than any other

exi sting species, but, instead of the single toe on each
foot, so characteristic of all nodern equines, the various
speci es of Orohi ppus had four toes before and three

behi nd, all of which reached the ground. The skull

too, was proportionately shorter, and the orbit was not

encl osed behind by a bridge of bone. There were fifty
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four teeth in all, and the prenolars were |arger than
the nolars. The crowns of these teeth were very short.
The canine teeth were devel oped in both sexes, and the
incisors did not have the "mark" which indicates the

age of the nodern horse. The radius and ul na were
separate, and the latter was entire through the whole

I ength. The tibia and fibula were distinct. In the
forefoot all the digits except the pollex, or first, were
wel | devel oped. The third digit is the largest, and its
cl ose resenbl ance to that of the horse is clearly marked.
The term nal phal anx, or coffin-bone, has a shall ow
medi an bone in front, as in many species of this group
in the later tertiary. The fourth digit exceeds the
second in size, and the second is nmuch the shortest of
all. Its netacarpal bone is considerably curved outward.
In the hind-foot of this genus there are but

three digits. The fourth nmetatarsal is nuch |arger

t han the second.

"The | arger nunber of equi ne manmmal s now known
fromthe tertiary deposits of this country, and their
regul ar distributions through the subdivisions of this
formation, afford a good opportunity to ascertain the
probabl e descent of the nodern horse. The Anmerican
representative of the latter is the extinct Equus
fraternus (Leidy), a species alnost, if not wholly,
identical with the Od Wrld Equus cabal | us (Linnaeus),

to which our recent horse bel ongs. Huxley
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has traced successfully the | ater geneal ogy of the horse
t hrough European extinct forms, but the line in America
was probably a nore direct one, and the record is

nore conpl ete. Taking, then, as the extrene of a

series, Orohippus agilis (Marsh), fromthe eocene, and
Equus fraternus (Leidy), fromthe quaternary, internediate
forms may be intercalated with considerable certainty
fromthirty or nore well-marked speci es that

lived in the intervening periods. The natural |ine of
descent would seemto be through the follow ng genera:

O ohi ppus, of the eocene; M ohippus and Anchitherium

of the m ocene; Anchippus, Hipparion, Protohippus,

Phohi ppus, of the pliocene; and Equus, quaternary

and recent.

The nost marked changes undergone by the successive
equi ne genera are as follows: First, increase in

si ze; second, increase in speed, through concentration
of linb bones; third, elongation of head and neck, and
nodi fications of skull. The eocene O ohi ppus was the
size of a fox. M ohippus and Anchitherium fromthe

nm ocene, were about as large as a sheep. Hipparion

and Pliohippus, of the pliocene, equalled the ass in
hei ght; while the size of the quaternary Equus was

fully up to that of a nodern horse.

"The increase of speed was equally well marked, and
was a direct result of the gradual formation of the

linmbs. The latter were slowWy concentrated by the
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reduction of their lateral elenents and enl argenent

of the axial bone, until the force exerted by each

linb cane to act directly through its axis in the

line of nmotion. This concentration is well seen--e.qg.

in the fore-linmb. There was, first, a change in the
scapul a and hunerus, especially in the latter, which
facilitated notion in one line only; second, an expansion
of the radius and reduction of the ulna, until the

former alone remained entire and effective; third, a
shortening of all the carpal bones and enl argenent of

the medi an ones, insuring a firmer wist; fourth, an increase
of size of the third digit, at the expense of those

of each side, until the fornmer al one supported the

[inb.

"Such is, in brief, a general outline of the nore

mar ked changes that seened to have produced in

Anerica the highly specialized nodern Equus from his

di m nutive four-toed predecessor, the eocene Orohippus.
The line of descent appears to have been direct,

and the remai ns now known supply every inportant
internediate form It is, of course, inpossible to say
with certainty through which of the three-toed genera

of the pliocene that |ived together the succession cane.
It is not inpossible that the latter species, which appear
generically identical, are the descendants of nore

di stinct pliocene types, as the persistent tendency in

all the earlier forns was in the sane direction
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Consi dering the remarkabl e devel opnent of the group
through the tertiary period, and its existence even
later, it seens very strange that none of the species
shoul d have survived, and that we are indebted for our

present horse to the Od Wrld."[7]

PALEONTOLOGY OF EVOLUTI ON

These and such-1ike revel ati ons have come to light in

our own tinme--are, indeed, still being disclosed. Needless
to say, no index of any sort now attenpts to concea

them yet sonething has been acconplished towards

the sane end by the publication of the discoveries

in Smthsonian bulletins and in technical menoirs of

gover nment surveys. Fortunately, however, the results

have been rescued fromthat partial oblivion by

such interpreters as Professors Huxl ey and Cope, so

the unscientific public has been allowed to gain at

| east an inkling of the wonderful progress of pal eontol ogy

in our generation.

The witings of Huxley in particular epitom ze the

record. In 1862 he adnitted candidly that the pal eontol ogica

record as then known, so far as it bears on the
doctrine of progressive devel opment, negatives that
doctrine. In 1870 he was able to "soften somewhat

the Brutus-like severity" of his former verdict, and to

assert that the results of recent researches seem"to
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| eave a clear balance in favor of the doctrine of the
evolution of living fornms one from another." Six

years |l ater, when reviewi ng the work of Marsh in

Anmerica and of Gaudry in Pikerm , he declared that,

"on the evidence of pal eontol ogy, the evol ution of

many existing forns of animal life fromtheir predecessors
is no |l onger an hypothesis, but an historical

fact." In 1881 he asserted that the evidence gathered

in the previous decade had been so unequivocal that,

had the transnutation hypothesis not existed, "the

pal eont ol ogi st woul d have had to invent it.

Since then the delvers after fossils have piled proof

on proof in bewldering profusion. The fossil-beds in
the "bad | ands" of western America seem inexhaustible.
And in the Connecticut River Valley near relatives

of the great reptiles which Professor Marsh and

ot hers have found in such profusion in the West |eft
their tracks on the nmud-flats--since turned to sandstone;
and a few skel etons al so have been found. The

bodi es of a race of great reptiles that were the |ords of
creation of their day have been dissipated to their el enents,
whil e the chance indentations of their feet as

they raced al ong the shores, nere footprints on the
sands, have been preserved anpong the nost inperishable

of the nenory-tablets of the world.

O the other vertebrate fossils that have been found
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in the eastern portions of Anmerica, anmong the npst
abundant and interesting are the skel etons of mastodons.
O these one of the | argest and nobst conplete is

that which was unearthed in the bed of a drained | ake
near Newburg, New York, in 1845. This speci men was

| arger than the existing el ephants, and had tusks el even
feet in length. It was nounted and descri bed by Dr.

John C. Warren, of Boston, and has been fanous for

half a century as the "Warren mastodon."

But to the student of racial devel opnent as recorded

by the fossils all these sporadic finds have but incidenta
interest as conpared with the rich Western fossil-

beds to which we have already referred. Fromrecords

here unearthed, the racial evolution of many manmal s

has in the past few years been made out in greater or

| ess detail. Professor Cope has traced the ancestry of

the canels (which, like the rhinoceroses, hippopotanmi

and sundry other fornms now spoken of as "Od Wrld,"

seemto have had their origin here) with much conpl eteness.

A lemuroid formof manmal, believed to be of the

type from which nman has descended, has al so been

found in these beds. It is thought that the descendants

of this creature, and of the other "A d-World"

fornms above referred to, found their way to Asia, probably,
as suggested by Professor Marsh, across a bridge

at Bering Strait, to continue their evolution on the

ot her hemi sphere, becom ng extinct in the land of their
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nativity. The ape-man fossil found in the tertiary
strata of the island of Java in 1891 by the Dutch
surgeon Dr. Eugene Dubois, and naned Pithecant hropus
erectus, may have been a direct descendant of the
American tribe of primtive lemurs, though this is only

a conjecture.

Not all the strange beasts which have left their renmains
in our "bad | ands" are represented by |iving descendants.
The titanotheres, or brontotheridae, for exanple, a
gigantic tribe, offshoots of the sanme stock

whi ch produced the horse and rhinoceros, represented

the culmination of a line of descent. They devel oped
rapidly in a geological sense, and flourished about the
m ddl e of the tertiary period; then, to use Agassiz's

phrase,” tinme fought against them" The story of their
evol ution has been worked out by Professors Leidy,

Mar sh, Cope, and H F. Gsborne.

A recent bit of pal eontol ogi cal evidence bearing

on the question of the introduction of species is that
presented by Dr. J. L. Wortman in connection with the
fossil lineage of the edentates. It was suggested by
Marsh, in 1877, that these creatures, whose nodern
representatives are all South American, originated in
North Anerica |long before the two continents had any

| and connection. The stages of degeneration by which

these animals gradually [ ost the enamel fromtheir teeth,

Get any book for free on: www.Abika.com



History of Science 142

coming finally to the unique condition of their nodern
descendants of the sloth tribe, are illustrated by strikingly
graded speci mens now preserved in the Anerican

Museum of Natural History, as shown by Dr. Wortman.

Al'l these and a nultitude of other recent observations
t hat cannot be even outlined here tell the sane story.
Wth one accord pal eontol ogists of our tinme regard the
qguestion of the introduction of new species as sol ved.
As Professor Marsh has said, "to doubt evol ution today
is to doubt science; and science is only another

nanme for truth."

Thus the third great battle over the neaning of the
fossil records has conme to a conclusion. Again there

is atruce to controversy, and it my seemto the casua
observer that the present stand of the science of fossils
is final and inpregnable. But does this really nmean

that a full synopsis of the story of pal eontol ogy has
been told? O do we only await the comi ng of the
twentieth-century Lamarck or Darwi n, who shall attack

the fortified know edge of to-day with the batteries

of a new generalization?

V. THE ORIG N AND DEVELOPMENT OF MODERN GEOLOGY

JAMES HUTTON
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One might naturally suppose that the science of

the earth which lies at man's feet would at |east

have kept pace with the science of the distant stars.
But perhaps the very obvi ousness of the phenonena

del ayed the study of the crust of the earth. It is the
unattai nable that allures and nystifies and enchants
the devel oping mi nd. The proverbial child spurns its

toys and cries for the noon.

So in those closing days of the eighteenth century,

when astrononers had gone so far towards expl aining

the nysteries of the distant portions of the universe,

we find a chaos of opinion regarding the structure and
formati on of the earth. Guesses were not wanting to
explain the formation of the world, it is true, but, with
one or two exceptions, these are bizarre indeed. One

t heory supposed the earth to have been at first a solid
mass of ice, which becane animated only after a comet

had dashed against it. O her theories conceived the
original globe as a mass of water, over which floated
vapors containing the solid elenents, which in due tine
were precipitated as a crust upon the waters. In a

word, the various schemes supposed the original mass to
have been ice, or water, or a conglonerate of water and
solids, according to the random fanci es of the theorists;
and the final separation into | and and water was concei ved

to have taken place in all the ways which fancy,
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qui te unchecked by any tenable data, could invent.

What ever inportant changes in the general character

of the surface of the gl obe were conceived to have taken
pl ace since its creation were generally associated with
the Mpsaic: deluge, and the theories which attenpted to
explain this catastrophe were quite on a par with those
which dealt with a renoter period of the earth's history.
Sonme specul ators, holding that the interior

of the globe is a great abyss of waters, conceived

that the crust had dropped into this chasm and had

t hus been inundated. Others held that the earth had
originally revolved on a vertical axis, and that the sudden
change to its present position bad caused the catastrophic
shifting of its oceans. But perhaps the favorite

theory was that which supposed a conet to have wandered
near the earth, and in whirling about it to have

carried the waters, through gravitation, in a vast tide

over the continents.

Thus blindly groped the majority of eighteenth-century
phil osophers in their attenpts to study what we

now t erm geol ogy. Del uded by the ol d deductive

nmet hods, they founded not a science, but the ghost of a
science, as immterial and as unlike anything in nature
as any other phantomthat could be conjured fromthe
dept hs of the specul ative inmagination. And all the
whi |l e the beckoning earth |ay beneath the feet of these

visionaries; but their eyes were fixed in air
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At |ast, however, there cane a man who had the
penetration to see that the phantom science of geol ogy
needed before all else a body corporeal, and who took

to hinmself the task of supplying it. This was Dr. Janes
Hut t on, of Edi nburgh, physician, farner, and manufacturing
chem st--patient, enthusiastic, |evel-headed

devotee of science. Inspired by his | ove of chemi stry

to study the character of rocks and soils, Hutton had

not gone far before the earth stood revealed to himin

a new light. He saw, what generations of predecessors
had blindly refused to see, that the face of nature everywhere,
i nstead of being rigid and i mutable, is perennially

pl astic, and year by year is undergoing netanorphic
changes. The solidest rocks are day by day

di sintegrated slowy, but none the less surely, by w nd
and rain and frost, by mechanical attrition and chem cal
deconposition, to formthe pulverized earth and

clay. This soil is being swept away by perennial showers,
and carried off to the oceans. The oceans thensel ves

beat on their shores, and eat insidiously into the
structure of sands and rocks. Everywhere, slowy but
surely, the surface of the land is being worn away; its

substance is being carried to burial in the seas.
Shoul d this denudati on continue | ong enough, thinks

Hutton, the entire surface of the continents nust be

worn away. Should it be continued LONG ENOUGH And
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with that thought there flashes on his mnd an inspiring
conception--the idea that solar tinme is |ong,
indefinitely long. That seens a sinple enough thought
--alnost a truism-to the twentieth-century mnd;

but it required genius to conceive it in the eighteenth.
Hutton pondered it, grasped its full inport, and nmade

it the basis of his hypothesis, his "theory of the earth.”

MODERN GECLOGY

The hypothesis is this--that the observed changes

of the surface of the earth, continued through indefinite

| apses of time, nmust result in conveying all the | and at

last to the sea; in wearing continents away till the

oceans overflow them Wat then? Wiy, as the continents

wear down, the oceans are filling up. Along

their bottons the detritus of wasted continents is deposited
in strata, together with the bodi es of marine

ani mal s and vegetabl es. Why might not this debris

solidify to formlayers of rocks--the basis of new continents?

Why not, indeed?

But have we any proof that such formation of rocks
in an ocean-bed has, in fact, occurred? To be sure we
have. It is furnished by every bed of |inestone, every
outcropping fragnent of fossil-bearing rock, every
stratified cliff. How else than through such formation

in an ocean-bed cane these rocks to be stratified?
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How el se came they to contain the shells of once |iving
organi sns i nbedded in their depths? The ancients,

finding fossil shells inbedded in the rocks, explained
them as nmere freaks of "nature and the stars." Less
superstitious generations had repudiated this explanation
but had failed to give a tenable solution of the

nmystery. To Hutton it is a mystery no |longer. To

himit seens clear that the basis of the present continents
was laid in ancient sea-beds, formed of the detritus

of continents yet nore ancient.

But two links are still wanting to conplete the chain
of Hutton's hypothesis. Through what agency has the
ooze of the ocean-bed been transformed into solid rock?
and t hrough what agency has this rock been lifted

above the surface of the water to form new continents?
Hutton | ooks about himfor a clew, and soon he finds
it. Everywhere about us there are outcropping rocks
that are not stratified, but which give evidence to the
observant eye of having once been in a nolten state.
Different minerals are m xed together; pebbles are
scattered through nasses of rock like pluns in a pudding;
irregular crevices in otherw se solid nmasses of
rock--so-called veinings--are seen to be filled with
equally solid granite of a different variety, which can
have gotten there in no conceivable way, so Hutton

t hi nks, but by running in while molten, as liquid neta

is run into the noulds of the founder. Even the
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stratified rocks, though they seeningly have not been
nelted, give evidence in some instances of having been
subjected to the action of heat. Marble, for exanple,

is clearly nothing but calcined |inestone.

Wth such evidence before him Hutton is at no | oss

to conplete his hypothesis. The agency which has

solidified the ocean-beds, he says, is subterranean heat.

The sane agency, acting excessively, has produced

vol cani ¢ catacl ysns, upheaving ocean-beds to form

continents. The rugged and uneven surfaces of nmountains,

the tilted and broken character of stratified rocks

everywhere, are the standing witnesses of these gigantic

upheaval s.

And with this the imgined cycle is conplete. The
continents, worn away and carried to the sea by the
action of the elenents, have been made over into rocks
again in the ocean-beds, and then rai sed once nore
into continents. And this massive cycle, In Hutton's
schene, is supposed to have occurred not once only,

but over and over again, times w thout nunmber. In

this unique view ours is indeed a world without beginning

and wi thout end; its continents have been
meki ng and unmaki ng in endl ess series since tine

began.

Hutton fornul ated his hypothesis while yet a young

man, not long after the mddle of the century. He
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first gave it publicity in 1781, in a paper before the

Royal Soci ety of Edi nburgh:

"A solid body of land could not have answered the

purpose of a habitable world," said Hutton, "for a soi

is necessary to the growth of plants, and a soil is nothing
but the material collected fromthe destruction of

the solid land. Therefore the surface of this land inhabited
by man, and covered by plants and animals, is

made by nature to decay, in dissolving fromthat hard

and conpact state in which it is found; and this soil is
necessarily washed away by the continual circulation

of the water running fromthe summts of the nountains

towards the general receptacle of that fluid.

"The heights of our land are thus levelled with our
shores, our fertile plains are fornmed fromthe ruins of
the mountains; and those travelling nmaterials are stil
pursued by the noving water, and propelled along the
inclined surface of the earth. These novable material s,
delivered into the sea, cannot, for a |ong continuance,
rest upon the shore, for by the agitation of the w nds,
the tides, and the currents every novable thing is
carried farther and farther along the shelving bottom
of the sea, towards the unfathonmable regions of the

ocean.

"I'f the vegetable soil is thus constantly renoved
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fromthe surface of the land, and if its place is then to
be supplied fromthe dissolution of the solid earth as
here represented, we nay perceive an end to this beautifu
machi ne; an end arising fromno error in its constitution
as a world, but fromthat destructibility of

its land which is so necessary in the system of the

gl obe, in the econony of life and vegetation

"The i mense tinme necessarily required for the

total destruction of the land must not be opposed to
that view of future events which is indicated by the
surest facts and nost approved principles. Ting,

whi ch neasures everything in our idea, and is often
deficient to our schemes, is to nature endless and as
nothing; it cannot linmt that by which alone it has existence;
and as the natural course of tinme, which to us

seens infinite, cannot be bounded by any operation

that may have an end, the progress of things upon this
gl obe that in the course of nature cannot be linmted by
time nust proceed in a continual succession. W are,
therefore, to consider as inevitable the destruction of
our land, so far as effected by those operations which
are necessary in the purpose of the gl obe, considered

as a habitable world, and so far as we have not exam ned
any other part of the econony of nature, in

whi ch other operations and a different intention m ght

appear.

"We have now considered the globe of this earth as
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a machi ne, constructed upon chem cal as well as mechanica
principles, by which its different parts are al

adapted, in form in quality, and quantity, to a certain
end--an end attained with certainty of success, and

an end from which we may perceive wi sdomin contenplating

t he nmeans enpl oyed.

"But is this world to be considered thus nerely as a

machi ne, to last no longer than its parts retain their
present position, their proper forns and qualities?

O may it not be also considered as an organi zed body

such as has a constitution, in which the necessary

decay of the machine is naturally repaired in the exertion
of those productive powers by which it has been

f or med?

"This is the view in which we are now to exam ne

the globe; to see if there be, in the constitution of the
worl d, a reproductive operation by which a ruined
constitution nmay be again repaired and a duration of
stability thus procured to the machi ne considered as a

worl d containing plants and ani nal s.

"If no such reproductive power, or reform ng operation
after due inquiry, is to be found in the constitution

of this world, we should have reason to concl ude

that the systemof this earth has either been intentionally

made i mperfect or has not been the work of infinite
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power and wi sdom "[ 1]

This, then, was the inportant question to be

answer ed--the question of the constitution of the gl obe.

To accomplish this, it was necessary, first of all, to exam ne
wi t hout prejudice the material already in hand,

addi ng such new di scoveries fromtinme to tine as

m ght be made, but always applying to the whole

unvarying scientific principles and inductive methods

of reasoning.

"If we are to take the witten history of man for

the rule by which we should judge of the tine when the
species first began," said Hutton, "that period would
be but little renoved fromthe present state of things.
The Mbsaic history places this beginning of man at no
great distance; and there has not been found, in natura
hi story, any docunent by which high antiquity m ght

be attributed to the human race. But this is not the
case with regard to the inferior species of aninals,
particularly those which inhabit the ocean and its
shores. We find in natural history nonunents which
prove that those animals had | ong existed; and we

t hus procure a neasure for the conputation of a period
of tinme extrenely renote, though far from being precisely

ascert ai ned.

"I'n exam ning things present, we have data from
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which to reason with regard to what has been; and
fromwhat actually has been we have data for concluding
with regard to that which is to happen hereafter.
Therefore, upon the supposition that the operations of
nature are equable and steady, we find, in natura
appear ances, neans for concluding a certain portion of
time to have necessarily el apsed in the production of

t hose events of which we see the effects.

"It is thus that, in finding the relics of sea animls of
every kind in the solid body of our earth, a natura

hi story of those animals is formed, which includes a
certain portion of tinme; and for the ascertaining this
portion of tinme we nust again have recourse to the
regul ar operations of this world. We shall thus arrive

at facts which indicate a period to which no other

speci es of chronology is able to renount.

"We find the marks of marine animals in the nost

solid parts of the earth, consequently those solid parts
have been forned after the ocean was inhabited by

those ani mal s which are proper to that fluid nedium

If, therefore, we knew the natural history of these
solid parts, and could trace the operations of the gl obe
by which they have been formed, we woul d have sone

means for conputing the tinme through which those

speci es of aninmals have continued to |ive. But how

shall we describe a process which nobody has seen perforned
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and of which no witten history gives any account?
This is only to be investigated, first, in exani ning
the nature of those solid bodies the history of

which we want to know, and, secondly, in exam ning

the natural operations of the globe, in order to see if
there now exi st such operations as, fromthe nature

of the solid bodies, appear to have been necessary for

their formation.

"There are few beds of marble or |inestone in which

may not be found sone of those objects which indicate
the mari ne object of the mass. If, for exanple, in a
mass of marble taken froma quarry upon the top of

the Al ps or Andes there shall be found one cockl e-shel
or piece of coral, it nust be concluded that this bed of
stone has been originally forned at the bottom of the
sea, as nuch as another bed which is evidently conposed
al nost altogether of cockle-shells and coral. |f

one bed of linmestone is thus found to have been of
marine origin, every concom tant bed of the sane

ki nd nmust be al so concluded to have been forned in the

sanme nmanner.

"I'n those cal careous strata, which are evidently of
marine origin, there are many parts which are of

sparry structure--that is to say, the original texture of
those beds in such places has been dissolved, and a

new structure has been assumed which is peculiar to

a certain state of the cal careous earth. This change
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is produced by crystallization, in consequence of a previous
state of fluidity, which has so di sposed the concerting
parts as to allow themto assune a regular

shape and structure proper to that substance. A body

whose external form has been nodified by this process

is called a CRYSTAL; one whose internal arrangenent

of parts is determined by it is said to be of a SPARRY

STRUCTURE, and this is known fromits fracture.

"There are, in all the regions of the earth, huge
masses of cal careous matter in that crystalline formor
sparry state in which, perhaps, no vestige can be

found of any organi zed body, nor any indication that
such cal careous matter has bel onged to animals; but

as in other masses this sparry structure or crystalline
state is evidently assuned by the nmarine cal careous
substances in operations which are natural to the

gl obe, and which are necessary to the consolidation of
the strata, it does not appear that the sparry masses
in which no figured body is fornmed have been originally
different from other nmasses, which, being only
crystallized in part, and in part still retaining their
original form have anple evidence of their marine

origin.

"We are led, in this manner, to conclude that all the

strata of the earth, not only those consisting of such

cal careous nmsses, but others superincunmbent upon
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these, have had their origin at the bottom of the

sea.

"The general amount of our reasoning is this, that

ni ne-tenths, perhaps, or ninety-nine-hundredths, of this

earth, so far as we see, have been forned by natural operations
of the globe in collecting |oose materials and

depositing themat the bottom of the sea; consolidating

those coll ections in various degrees, and either elevating

t hose consol i dated nasses above the |evel on

which they were forned or |owering the |evel of that

sea.

"Let us now consider how far the other proposition

of strata being elevated by the power of heat above the

| evel of the sea may be confirmed fromthe exam nation

of natural appearances. The strata fornmed at the bottom
of the ocean are necessarily horizontal in their position
or nearly so, and continuous in their horizonta

direction or extent. They may be changed and gradual ly
assune the nature of each other, so far as concerns

the materials of which they are forned, but there cannot
be any sudden change, fracture, or displacenent

naturally in the body of a stratum But if the strata

are cenmented by the heat of fusion, and erected with

an expansive power acting below, we nay expect to

find every species of fracture, dislocation, and contortion
in those bodies and every degree of departure from

a horizontal towards a vertical position.
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"The strata of the gl obe are actually found in every
possi bl e position: for fromhorizontal they are frequently
found vertical; from continuous they are broken

and separated in every possible direction; and froma

pl ane they are bent and doubled. It is inpossible

that they could have originally been forned, by the

known | aws of nature, in their present state and position
and the power that has been necessarily required

for their change has not been inferior to that which

m ght have been required for their elevation fromthe

pl ace in which they have been forned."[ 2]

Fromall this, therefore, Hutton reached the concl usion
that the elevation of the bodies of |and above

the water on the earth's surface had been effected by
the sane force which had acted in consolidating the
strata and giving themstability. This force he

concei ved to be exerted by the expansion of heated

matter.

"We have," he said, "been now supposing that the

begi nni ng of our present earth had been laid in the bottom
of the ocean, at the conpletion of the former |and,

but this was only for the sake of distinctness. The

just view is this, that when the forner |and of the gl obe

had been conplete, so as to begin to waste and be
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i rpai red by the encroachnment of the sea, the present

| and began to appear above the surface of the ocean

In this nmanner we suppose a due proportion to be always
preserved of |and and water upon the surface of

the gl obe, for the purpose of a habitable world such as
this which we possess. We thus also allow tinme and
opportunity for the translation of animls and plants

to occupy the earth.

"But if the earth on which we |ive began to appear

in the ocean at the tinme when the LAST began to be resol ved,
it could not be fromthe materials of the continent

i medi ately preceding this which we exam ne

that the present earth has been constructed; for the
bottom of the ocean nust have been filled with materials
before | and could be nmade to appear above its

surface.

"Let us suppose that the continent which is to succeed
our land is at present beginning to appear above

the water in the nmddle of the Pacific Ccean; it nust

be evident that the materials of this great body, which
is formed and ready to be brought forth, nust have

been collected fromthe destruction of an earth which
does not now appear. Consequently, in this true statenent
of the case there is necessarily required the destruction
of an animal and vegetable earth prior to the

former land; and the materials of that earth which is

first in our account nust have been coll ected at the
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bottom of the ocean, and begun to be concocted for
the production of the present earth, when the | and
i medi ately preceding the present had arrived at its

full extent.

"We have now got to the end of our reasoning; we

have no data further to conclude i mediately from

that which actually is; but we have got enough; we

have the satisfaction to find that in nature there are

wi sdom system and consistency. For having in the
natural history of the earth seen a succession of worlds,
we may fromthis conclude that there is a systemin
nature; in |ike manner as, from seeing revol utions of

the planets, it is concluded that there is a system by
which they are intended to continue those revolutions.
But if the succession of worlds is established in

the systemof nature, it is in vain to | ook for anything
hi gher in the origin of the earth. The result, therefore,
of our present inquiry is that we find no vestige of a

begi nni ng--no prospect of an end."

Al t oget her remarkabl e as this paper seenms in the

light of later knowl edge, neither friend nor foe deigned
to notice it at the nonent. It was not published in

book formuntil the |ast decade of the century, when
Hutton had |ived with and worked over his theory for

almost fifty years. Then it caught the eye of the
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world. A school of followers expounded the Huttonian
doctrines; a rival school under Werner in Gernmany

opposed sone details of the hypothesis, and the educated
world as a whol e viewed the disputants askance.

The very novelty of the new views forbade their i mediate
acceptance. Bitter attacks were nmade upon

the "heresies,” and that was neant to be a soberly
tenpered judgnent which in 1800 pronounced Hutton's
theories "not only hostile to sacred history, but equally
hostile to the principles of probability, to the results
of the abl est observations on the mneral kingdom

and to the dictates of rational philosophy." And al

this because Hutton's theory presupposed the earth

to have been in existence nore than six thousand

years.

Thus it appears that though the thoughts of nen had

wi dened, in those closing days of the eighteenth century,
to include the stars, they had not as yet expanded

to receive the nost patent records that are witten
everywhere on the surface of the earth. Before Hutton's
views could be accepted, his pivotal conception

that time is |long nust be established by convincing
proofs. The evidence was being gathered by WIIliam
Smith, Cuvier, and other devotees of the budding

sci ence of paleontology in the |ast days of the century,
but their |abors were not brought to conpletion till a

subsequent epoch.
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NEPTUNI STS VERSUS PLUTONI STS

In the nmean tinme, Janmes Hutton's theory that continents
wear away and are replaced by vol cani c upheava

gai ned conparatively few adherents. Even

the lucid Illustrations of the Huttonian Theory, which
Pl ayfair, the pupil and friend of the great Scotchman,
publ i shed in 1802, did not at once prove convincing.
The worl d had becone enampured of the rival theory

of Hutton's fanobus contenporary, Werner of Saxony

--the theory which taught that "in the beginning" al
the solids of the earth's present crust were dissolved
in the heated waters of a universal sea. Werner affirmed
that all rocks, of whatever character, had been

formed by precipitation fromthis sea as the waters
cool ed; that even veins have originated in this way;
and that nountains are gigantic crystals, not upheaved
masses. In a word, he practically ignored vol canic
action, and denied in toto the theory of netanorphosis

of rocks through the agency of heat.

The foll owers of Werner cane to be known as Neptunists;

the Huttonians as Plutonists. The history of

geol ogy during the first quarter of the nineteenth century

is minly a recital of the intenperate controversy

bet ween these opposi ng school s; though it should not

be forgotten that, meantinme, the nmenbers of the Geol ogica
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Soci ety of London were making an effort to hunt
for facts and avoid conprom sing theories. Fact and

t heory, however, were too closely linked to be thus divorced.

The brunt of the controversy settled about the unstratified
rocks--granites and their allies--which the

Pl ut oni sts claimed as of igneous origin. This contention
had the theoretical support of the nebul ar hypothesis,

t hen gai ni ng ground, which supposed the

earth to be a cooling globe. The Plutonists laid great
stress, too, on the observed fact that the tenperature

of the earth increases at a pretty constant ratio as descent
towards its centre is made in mnes. But in particular

t hey appealed to the phenonena of vol canoes.

The evidence fromthis source was gathered and

el aborated by M. G Poulett Scrope, secretary of the
Geol ogi cal Soci ety of England, who, in 1823, published
a classical work on vol canoes in which he clained that
vol cani ¢ mountai ns, including sonme of the highest-
known peaks, are nerely accunul ated nasses of |ava

bel ched forth froma crevice in the earth's crust.

"Supposi ng the globe to have had any irregul ar

shape when detached fromthe sun," said Scrope, "the
vaporization of its surface, and, of course, of its projecting
angl es, together with its rotatory nmotion on its

axis and the liquefaction of its outer envel ope, would

necessarily occasion its actual figure of an oblate
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spheroid. As the process of expansion proceeded in

depth, the original granitic beds were first partially

di saggregated, next disintegrated, and nore or |ess
liquefied, the crystals being nerged in the elastic vehicle
produced by the vaporization of the water contained

bet ween t he | an nae

"Where this fluid was produced in abundance by

great dilatation--that is, in the outer and highly

di sintegrated strata, the superior specific gravity of the
crystals forced it to ooze upward, and thus a great quantity
of aqueous vapor was produced on the surface of

the globe. As this elastic fluid rose into outer space,

its continually increasing expansion nust have proportionately
lowered its tenperature; and, in consequence,

a part was recondensed into water and sank back towards

the nore solid surface of the gl obe.

"And in this manner, for a certain time, a violent

reci procation of atnospheric phenonena must have
continued--torrents of vapor rising outwardly, while
equal ly tremendous torrents of condensed vapor, or

rain, fell towards the earth. The accunul ation of the
latter on the yet unstable and unconsolidated surface

of the globe constituted the prineval ocean. The

surface of this ocean was exposed to continued vaporization
owing to intense heat; but this process, abstracting

caloric fromthe stratum of the water bel ow, by
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partially cooling it, tended to preserve the remai nder
inaliquid form The ocean will have contai ned, both

in solution and suspension, many of the matters carried
upward fromthe granitic bed in which the vapors

from whose condensation it proceeded were produced,

and which they had traversed in their rise. The dissolved
matters will have been silex, carbonates, and

sul phates of linme, and those other mneral substances

whi ch water at an intense tenperature and under such
circunmst ances was enabled to hold in solution. The
suspended substances will have been all the lighter and
finer particles of the upper beds where the disintegration
had been extrene; and particularly their mca,

which, owing to the tenuity of its plate-shaped crystals,
woul d be nost readily carried up by the ascending

fluid, and will have renmai ned | ongest in suspension

"But as the torrents of vapor, holding these various
matters in solution and suspension, were forced upward,
the greater part of the disintegrated crystals

by degrees subsided; those of felspar and quartz first,
the m ca being, as observed above, fromthe form of

its plates, of peculiar buoyancy, and therefore held

| ongest in suspension.

"The crystals of felspar and quartz as they subsided,
together with a small proportion of mca, would
natural ly arrange thensel ves so as to have their |ongest

di mensions nore or less parallel to the surface on
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which they rest; and this parallelismwuld be subsequently
i ncreased, as we shall see hereafter, by the

pressure of these beds sustained between the wei ght

of the supported colum of nmatter and the expansive

force beneath them These beds | conceive, when

consolidated, to constitute the gneiss formation.

"The farther the process of expansion proceeded in
depth, the nore was the colunm of liquid matter

| engt hened, which, gravitating towards the centre of
the gl obe, tended to check any further expansion

It is, therefore, obvious that after the gl obe settled
into its actual orbit, and thenceforward lost little of
its envel oping matter, the whol e of which began from
that moment to gravitate towards its centre, the progress
of expansion inwardly would continually increase

in rapidity; and a nonent nust have at length arrived
hen the forces of expansion and repression had

reached an equilibriumand the process was stopped
fromprogressing farther inwardly by the great pressure

of the gravitating colum of |iquid.

This colum nmay be consi dered as consisting of
different strata, though the passage from one extremty
of conplete solidity to the other of conpl ete expansion
inreality, nmust have been perfectly gradual

The | owest stratum immedi ately above the extrene

limt of expansion, will have been granite barely
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DI SAGGREGATED, and rendered inperfectly liquid by the

partial vaporization of its contained water

"The second stratum was granite DI SI NTEGRATED

aqueous vapor, having been produced in such abundance

as to be enabled to rise upward, partially disintegrating
the crystals of felspar and mica, and superficially

di ssol ving those of quartz. This mass woul d

reconsol i date into granite, though of a smaller grain

than the precedi ng rock

"The third stratumwas so disintegrated that a
greater part of the mca had been carried up by the
escapi ng vapor | N SUSPENSI ON, and that of quartz in
solution; the felspar crystals, with the renmaining
quartz and mca, SUBSIDING by their specific gravity

and arranging thensel ves in horizontal planes.

"The consolidation of this stratum produced the

gnei ss formation.

"The fourth zone will have been conposed of the

ocean of turbid and heated water, holding mica, etc.

i n suspension, and quartz, carbonate of linme, etc., in
solution, and continually traversed by reciprocating

bodi es of heated water rising from below, and of cold

fluid sinking fromthe surface, by reason of their specific

gravities.
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"The di sturbance thus occasioned will have |ong

retarded the deposition of the suspended particles.

But this nust by degrees have taken place, the quartz
grains and the |l arger and coarser plates of mca subsiding

first and the finest |ast.

"But the fragments of quartz and mca were not

deposited al one; a great proportion of the quartz held

in SOLUTI ON nmust have been precipitated at the sane

time as the water cooled, and therefore by degrees |ost

its faculty of so much in solution. Thus was gradually
produced the formation of mca-schist, the mica inperfectly
recrystallizing or being nmerely aggregated

together in horizontal plates, between which the quartz
either spread itself generally in mnute grains or unified
into crystalline nuclei. On other spots, instead

of silex, carbonate of |inme was precipitated, together

with nore or |less of the nucaceous sedi ment, and gave

rise to saccharoidal |inestones. At a |ater period,

when the ocean was yet further cooled down, rock-salt

and sul phate of line were locally precipitated in a simlar

node.

"The fifth stratum was aeriform and consisted in
great part of aqueous vapors; the remai nder being a
conmpound of other elastic fluids (permnent gases)

whi ch had been formed probably fromthe volatilization

of some of the substances contained in the primtive
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granite and carried upward with the aqueous

vapor from bel ow. These gases will have been either

m xed together or otherw se disposed, according to

their different specific gravities or chenmical affinities,
and this stratumconstituted the atnosphere or aeria

envel ope of the gl obe.

"When, in this manner, the general and positive expansion
of the globe, occasioned by the sudden reduction

of outward pressure, had ceased (in consequence

of the REPRESSI VE FORCE, consisting of the weight of its
fluid envel ope, having reached an equilibriumw th the
EXPANSI VE FORCE, consisting of the caloric of the heated
nucl eus), the rapid superficial evaporation of the ocean
conti nued; and, by gradually reducing its tenperature,
occasi oned the precipitation of a proportionate quantity
of the minerals it held in solution, particularly its

sil ex. These substances falling to the bottom
acconpani ed by a |l arge proportion of the matters held

in solution, particularly the mca, in consequence of

the greater conparative tranquillity of the ocean

aggl onerated these into nore or |ess conpact beds of

rock (the mica-schist formation), producing the first
crust or solid envel ope of the gl obe. Upon this, other
stratified rocks, conposed sonetines of a m xture,
sonmetinmes of an alternation of precipitations, sedinents,

and occasionally of congl onerates, were by

degrees deposited, giving rise to the TRANSI TI ON formati ons.
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"Beneath this crust a new process now comenced.

The outer zones of crystalline matter havi ng been suddenly
refrigerated by the rapid vaporization and partia

escape of the water they contained, abstracted

caloric fromthe intensely heated nucl eus of the gl obe.
These crystalline zones were of unequal density, the
expansi on they had suffered di m nishing from above

downwar d.

"Their expansive force was, however, equal at al

points, their tenperature everywhere bearing an inverse
ratio to their density. But when by the accession

of caloric fromthe inner and unliquefied nucl eus

the tenperature, and consequently the expansive force of the
| ower strata of dilated crystalline

matter, was augnented, it acted upon the upper and

nore |iquefied strata. These being prevented from

yi el ding OQUTWARDLY by the tenacity and wei ght of the
solid involucrum of precipitated and sedi nental deposits
whi ch overspread them sustained a pressure out

of proportion to their expansive force, and were in
consequence proportionately condensed, and by the

conti nuance of the process, where the overlying strata

were sufficiently resistant, finally consolidated.

"This process of consolidation nmust have progressed

from above downward, with the increase of the

expansive force in the |l ower strata, comrencing from
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t he upper surface, which, its tenperature being | owest,

offered the | east resistance to the force of conpression

"By this process the upper zone of crystalline matter,
whi ch had intunmesced so far as to allow of the escape
of its aqueous vapor and of nuch of its mica and
quartz, was resolidified, the conponent crystals
arrangi ng thensel ves in planes perpendicular to the
direction of the pressure by which the nass was
consolidated--that is, to the radius of the gl obe.

The gneiss formation, as already observed, was the

result.

"The inferior zone of barely disintegrated granite,
fromwhich only a part of the steam and quartz and

none of the mica had escaped, reconsolidated in a confused
or granitoidal manner; but exhibits marks of the

process it had undergone in its broken crystals of felspar
and mica, its rounded and superficially dissolved

grains of quartz, its inmbedded fragnments (broken from

the nore solid parts of the mass, as it rose, and envel oped
by the softer parts), its concretionary nodul es

and new ninerals, etc.

"Beneath this, the granite which had been sinply

di sintegrated was again solidified, and returned in al
respects to its fornmer condition. The tenperature,
however, and with it the expansive force of the inferior

zone, was continually on the increase, the caloric
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of the interior of the globe still endeavoring to put itself
in equilibrio by passing off towards the |ess-intensely

heat ed crust.

"This continually increasing expansive force nust

at |l ength have overcome the resistance opposed by the
tenacity and wei ght of the overlying consolidated

strata. It is reasonable to suppose that this result

t ook pl ace contenporaneously, or nearly so, on nany

spots, wherever accidental circunmstances in the texture

or conposition of the oceanic deposits led themto

yield nore readily; and in this manner were produced

those original fissures in the primeval crust of the earth
t hrough sone of which (fissures of elevation) were intruded
portions of interior crystalline zones in a solid

or nearly solid state, together with nmore or |ess of the

i ntunmescent granite, in the manner above descri bed;

while others (fissures of eruption) gave rise to extravasations
of the heated crystalline matter, in the form

of lavas--that is, still further liquefied by the greater

conparative reduction of the pressure they endured."[ 3]

The Neptunists stoutly contended for the aqueous
origin of volcanic as of other nountains. But the
facts were with Scrope, and as tine went on it cane
to be admtted that not nerely vol canoes, but many

"trap" formations not taking the formof craters, had
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been nmade by the obtrusion of nolten rock through

fissures in overlying strata. Such, for exanple, to cite
famliar illustrations, are Mouunt Hol yoke, in Massachusetts,
and the well-known formation of the Palisades

al ong the Hudson.

But to admit the "Plutonic" origin of such w despread
formati ons was practically to abandon the Neptunian

hypot hesis. So gradually the Huttoni an expl anation

of the origin of granites and other "igneous"

rocks, whether massed or in veins, came to be accepted.
Most geol ogi sts then came to think of the earth as a
nolten mass, on which the crust rests as a nmere film
Sonme, indeed, with Lyell, preferred to believe that the
nmol ten areas exist only as lakes in a solid crust, heated
to nelting, perhaps, by electrical or chenical action, as
Davy suggested. More recently a popular theory attenpts
to reconcile geological facts with the claim of

t he physicists, that the earth's entire nass is at |east as

rigid as steel, by supposing that a nolten filmrests between

the observed solid crust and the alleged solid

nucl eus. But be that as it may, the theory that

subt erranean heat has been instrunental in determning
the condition of "primary" rocks, and in producing
many ot her phenonena of the earth's crust, has never
been in dispute since the long controversy between

the Neptunists and the Plutonists led to its establishnent.
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LYELL AND UNI FORM TARI ANI SM

If nolten matter exists beneath the crust of the

earth, it nmust contract in cooling, and in so doing it
nmust disturb the | evel of the portion of the crust already
solidified. So a plausible explanation of the

upheaval of continents and nountains was supplied by

the Plutonian theory, as Hutton had fromthe first

al l eged. But now an inportant difference of opinion

arose as to the exact rationale of such upheavals.

Hutton hinsel f, and practically every one el se who
accepted his theory, had supposed that there are | ong
periods of relative repose, during which the |level of the
crust is undisturbed, followed by short periods of active
stress, when continents are thrown up with vol canic
suddenness, as by the throes of a gigantic earthquake.

But now came Charles Lyell with his fanpbus extension

of the "uniformtarian" doctrine, claimng that past
changes of the earth's surface have been |ike present
changes in degree as well as in kind. The making of
continents and nountains, he said, is going on as rapidly
to-day as at any tinme in the past. There have been

no gi gantic cataclysm c upheavals at any time, but al
changes in level of the strata as a whol e have been
gradual, by slow oscillation, or at nost by repeated

eart hquake shocks such as are still often experienced.

In support of this very startling contention Lyel
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gat hered a nmass of evidence of the recent changes in

| evel of continental areas. He corroborated by persona

i nspection the claimwhich had been nade by Playfair

in 1802, and by Von Buch in 1807, that the coast-line of
Sweden is rising at the rate of froma few inches to
several feet in a century. He cited Darwin's observations
going to prove that Patagonia is simlarly rising,

and Pingel's claimthat G eenland is sl owy sinking.

Proof as to sudden changes of |evel of several feet, over
| arge areas, due to earthquakes, was brought forward in
abundance. Cunul ative evidence left it no |onger open

to question that such oscillatory changes of |evel, either
upward or downward, are quite the rule, and it could

not be denied that these observed changes, if continued
 ong enough in one direction, would produce the highest

el evations. The possibility that the making of even

t he hi ghest ranges of npuntai ns had been acconpli shed

Wi t hout exaggerated catastrophic action cane

to be freely admitted.

It becane clear that the supposedly stable-land surfaces
are in reality much nore variable than the surface

of the "shifting sea"; that continental masses, seeningly
so fixed, are really rising and falling in billows

t housands of feet in height, ages instead of nonents

bei ng consuned in the sweep between crest and hol | ow.

These sl ow oscillations of |and surfaces being understood,

many geol ogi cal enigmas were made cl ear- -
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such as the alternation of marine and fresh-water formations
in a vertical series, which Cuvier and Brongniart

had observed near Paris; or the sandw ching of

| ayers of coal, of subaerial formation, between |ayers

of subaqueous clay or sandstone, which may be observed
everywhere in the coal neasures. In particular

the extreme thickness of the sedinentary strata as a

whol e, many times exceeding the depth of the deepest

known sea, was for the first tinme explicable when it

was understood that such strata had formed in slowy

si nki ng ocean- beds.

All doubt as to the node of origin of stratified rocks
bei ng thus renoved, the way was opened for a nore
favorabl e consideration of that other Huttonian doctrine of the
extrenely sl ow denudation of |and surfaces.

The enornous anount of |and erosion will be patent to

any one who uses his eyes intelligently in a nountain
district. It will be evident in any region where the
strata are tilted--as, for exanple, the Alleghanies--

that great folds of strata which nust once have risen
mles in height have in many cases been worn entirely
away, so that now a valley marks the | ocation of the
former em nence. Where the strata are level, as in

the case of the nountains of Sicily, the Scotch Hi ghl ands,
and the fanmiliar Catskills, the evidence of denudation

is, if possible, even nore marked; for here it

is clear that elevation and valley have been carved by
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the el ements out of land that rose fromthe sea as |eve

pl at eaus.

But that this hercul ean | abor of |and-scul pturing

coul d have been acconplished by the slow action of

wi nd and frost and shower was an idea few nen could
grasp within the first half-century after Hutton propounded
it; nor did it begin to gain general currency

until Lyell's crusade agai nst catastrophism begun

about 1830, had for a quarter of a century accustomned
geol ogists to the thought of slow, continuous changes
producing final results of col ossal proportions. And
even long after that it was conbated by such nen as

Mur chi son, Director-Ceneral of the Geol ogi cal Survey

of Great Britain, then accounted the forenost
field-geologist of his time, who continued to believe
that the existing valleys owe their nmain features to
subt erranean forces of upheaval. Even Mirchison,

however, mnmade sone recession fromthe belief of the
Continental authorities, Elie de Beaunont and

Leopol d von Buch, who contended that the nmountains had
sprung up |like veritable jacks-in-the-box. Von Buch
whom his friend and fell ow pupil Von Humbol dt consi dered
the forenost geologist of the time, died in

1853, still firmin his early faith that the erratic bow ders
found high on the Jura had been hurled there, like
cannon-balls, across the valley of Geneva by the sudden

upheaval of a nei ghboring nountain-range.
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AGASSI Z AND THE GLACI AL THEORY

The bowl ders whose presence on the crags of the

Jura the old Cerinan accounted for in a manner so
theatrical had |ong been a source of contention anmong
geol ogi sts. They are found not nerely on the Jura, but
on nunberl ess other nountains in all north-tenperate

| atitudes, and often far out in the open country, as
many a farmer who has broken his plough against them

m ght testify. The early geol ogi sts accounted for

them as for nearly everything else, with their supposititious
Del uge. Brongni art and Cuvi er and Buckl and

and their contenporaries appeared to have no

difficulty in conceiving that masses of granite weighing
hundreds of tons had been swept by this current

scores or hundreds of nmiles fromtheir source. But,

of course, the uniformtarian faith permtted no such
expl anation, nor could it countenance the projection

i dea; so Lyell was bound to find sone other neans of

transportation for the puzzling erratics.

The only avail abl e medium was ice, but, fortunately,
this one seened quite sufficient. |Icebergs, said Lyell
are observed to carry all manner of debris, and deposit
it in the sea-bottoms. Present |and surfaces have often
been submerged beneath the sea. During the |atest of

t hese submergences icebergs deposited the bow ders
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now scattered here and there over the |and. Nothing
could be sinpler or nore clearly uniformtarian. And
even the catastrophists, though they net Lyell am cably
on al nost no other theoretical ground, were inclined
to admit the plausibility of his theory of erratics.
I ndeed, of all Lyell's nonconform st doctrines, this

seened the one nost likely to neet with general acceptance.

Yet, even as this iceberg theory |ooned |arge and

| arger before the geol ogical world, observations were
making in a different field that were destined to show
its fallacy. As early as 1815 a sharp-eyed chanoi s-
hunter of the Al ps, Perraudin by nanme, had noted the
exi stence of the erratics, and, unlike nost of his
conmpani on hunters, had puzzled his head as to how the
bow ders got where he saw them He knew not hi ng of
submerged continents or of icebergs, still |ess of
upheavi ng nmount ai ns; and though he doubtl ess had heard
of the Flood, he had no experience of heavy rocks
floating |ike corks in water. Mreover, he had never
observed stones rolling uphill and perching thensel ves
on nount ai n-tops, and he was a good enough uniformitarian
(though he woul d have been puzzl ed indeed

had any one told himso) to disbelieve that stones in
past tinmes had disported thenselves differently in
this regard from stones of the present. Yet there the

stones are. How did they get there?

The nount ai neer thought that he could answer that
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guestion. He saw about himthose gigantic serpent-

li ke streans of ice called glaciers, "fromtheir far
fountains slowrolling on," carrying with them bl ocks of
granite and other debris to form norai ne deposits.

If these gl aciers had once been nmuch nore extensive

than they now are, they m ght have carried the bow ders
and left themwhere we find them On the other

hand, no other natural agency within the sphere of

t he champi s-hunter's know edge coul d have acconpli shed
this, ergo the glaciers nust once have been

nore extensive. Perraudin would probably have said

t hat common-sense drove himto this concl usion; but

be that as it may, he had conceived one of the fewtruly
original and novel ideas of which the nineteenth century

can boast.

Perraudi n announced his idea to the greatest scientist
in his little world--Jean de Charpentier, director

of the mines at Bex, a skilled geol ogi st who had been a
fell ow pupil of Von Buch and Von Hunbol dt under

Werner at the Frei berg School of M nes. Charpentier

| aughed at the nountaineer's grotesque idea, and

t hought no nore about it. And ten years el apsed

before Perraudin could find any one who treated his
notion with greater respect. Then he found a |istener
in M Venetz, a civil engineer, who read a paper on the
novel gl acial theory before a |ocal society in 1823.

This brought the matter once nore to the attention of
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De Charpentier, who now felt that there night be

something in it worth investigation.

A survey of the field in the Iight of the new theory

soon convi nced Charpentier that the chanois-hunter

had all along been right. He becanme an enthusiastic
supporter of the idea that the Al ps had once been i nbedded
in a mass of ice, and in 1836 he brought the

notion to the attention of Louis Agassiz, who was

spendi ng the sumer in the Al ps. Agassiz was sceptica

at first, but soon becane a convert.

In 1840 Agassi z published a paper in which the results
of his Alpine studies were el aborat ed.

"Let us consider," he says, "those nore considerable
changes to which glaciers are subject, or rather, the

i mense extent which they had in the prehistoric

period. This former inmense extension, greater than

any that tradition has preserved, is proved, in the case
of nearly every valley in the Al ps, by facts which are
both many and wel | established. The study of these

facts is even easy if the student is |ooking out for
them and if he will seize the least indication of their
presence; and, if it were a long tinme before they were
observed and connected with glacial action, it is because
t he evidences are often isolated and occur at

pl aces nmore or |ess removed fromthe glacier which

originated them If it be true that it is the prerogative
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of the scientific observer to group in the field of his
mental vision those facts which appear to be wi thout
connection to the vulgar herd, it is, above all, in such a
case as this that he is called upon to do so. | have

often conpared these feeble effects, produced by the

gl acial action of former ages, with the appearance of

the marki ngs upon a |ithographic stone, prepared for

t he purpose of preservation, and upon which one

cannot see the lines of the draughtsman's work unl ess

it is known beforehand where and how to search for

t hem

"The fact of the forner existence of glaciers which
have now di sappeared is proved by the survival of the
various phenonena whi ch al ways acconpany them

and which continue to exist even after the ice has

nel ted. These phenonena are as foll ows:

"1. Moraines.--The disposition and conposition

of noraines enable themto be al ways recogni zed, even
when they are no | onger adjacent to a gl acier nor

i medi ately surround its | ower extrenmities. | may remark
that lateral and termni nal noraines al one enable

us to recognize with certainty the limts of glacia
extensi on, because they can be easily distinguished from
the dikes and irregularly distributed stones carried
down by the Al pine torrents, The | ateral noraines

deposited upon the sides of valleys are rarely affected
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by the larger torrents, but they are, however, often
cut by the small streans which fall down the side of
a mountain, and which, by interfering with their

continuity, make them so much nore difficult to recognize.

"2. The Perched Bow ders.--1t often happens that

gl aci ers encounter projecting points of rock, the sides
of whi ch become rounded, and around which funnel -

like cavities are forned with nore or |ess profundity.
When gl aciers dimnish and retire, the bl ocks which

have fallen into these funnels often remain perched

upon the top of the projecting rocky point withinit, in
such a state of equilibriumthat any idea of a current of
wat er as the cause of their transportation is conpletely
i nadm ssi bl e on account of their position. Wen

such points of rock project above the surface of the

gl acier or appear as a nore considerable islet in the

m dst of its mass (such as is the case in the Jardin of
the Mer de d ace, above Montavert), such projections
beconme surrounded on all sides by stones which ultimtely
forma sort of crown around the summit whenever

the gl aciers decrease or retire conpletely. Water
currents never produce anything like this; but, on the
contrary, whenever a stream breaks itself against a
projecting rock, the stones which it carries down are
turned aside and forma nore or less regular trail

Never, under such circunstances, can the stones remin
either at the top or at the sides of the rock, for, if

such a thing were possible, the rapidity of the current
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woul d be accel erated by the increased resistance, and
t he nmovi ng bow ders woul d be carried beyond the obstruction

before they were finally deposited.

"3. The polished and striated rocks, such as have

been described in Chapter Xl V., afford yet further evidence
of the presence of a glacier; for, as has been said

al ready, neither a current nor the action of waves upon

an extensive beach produces such effects. The genera
direction of the channels and furrows indicates the
direction of the general novenent of the glacier, and

the streaks which vary nore or less fromthis direction

are produced by the local effects of oscillation and retreat,

as we shall presently see.

"4. The Lapi az, or Lapiz, which the inhabitants of

German Switzerland call Karrenfel der, cannot always

be di stinguished from erosi ons, because, both produced

as they are by water, they do not differ in their exterior
characteristics, but only in their positions.

Erosions due to torrents are always found in places

nore or | ess depressed, and never occur upon large inclined
surfaces. The Lapiaz, on the contrary, are

frequently found upon the projecting parts of the sides

of valleys in places where it is not possible to suppose
that water has ever formed a current. Some geol ogi sts,

in their enmbarrassnment to explain these phenonena,

have supposed that they were due to the infiltration
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of acidul ated water, but this hypothesis is purely

gr at ui t ous.

"We will now describe the renmains of these various
phenonena as they are found in the Al ps outside the
actual glacial limts, in order to prove that at a certain

epoch gl aciers were nmuch | arger than they are to-day.

"The ancient noraines, situated as they are at a

great distance fromthose of the present day, are nowhere
so distinct or so frequent as in Valais, where

MM Venetz and J. de Charpentier noticed themfor

the first tinme; but as their observations are as yet
unpubl i shed, and they thensel ves gave ne the information
it would be an appropriation of their discovery

if I were to describe themhere in detail. I will limt
nyself to say that there can be found traces, nore or

| ess distinct, of ancient term nal noraines in the form
of vaulted dikes at the foot of every glacier, at a distance
of a few m nutes' wal k, a quarter of an hour, a
hal f - hour, an hour, and even of several |eagues from
their present extremties. These traces becone |ess
distinct in proportion to their distance fromthe gl acier
and, since they are also often traversed by torrents,
they are not as continuous as the noraines which are
nearer to the glaciers. The farther these ancient
nor ai nes are renoved fromthe termination of a gl acier

t he higher up they reach upon the sides of the vall ey,

whi ch proves to us that the thickness of the glacier
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nmust have been greater when its size was |arger. At

the sane tine, their nunber indicates so nmany stoppi ng-pl aces
in the retreat of the glacier, or so many extrene

limts of its extension--limits which were never

reached again after it had retired. | insist upon this

poi nt, because if it is true that all these noraines
denonstrate a | arger extent of the glacier, they also prove
that their retreat into their present boundaries, far

from havi ng been catastrophic, was marked on the

contrary by periods of repose nore or |ess frequent,

whi ch caused the formation of a series of concentric

nor ai nes which even now indicate their retrogression

"The remains of |ongitudinal noraines are |ess frequent,
less distinct, and nore difficult to investigate,

because, indicating as they do the levels to which the
edges of the glacier reached at different epochs, it is
generally necessary to | ook for them above the |ine of
the paths along the escarpnents of the valleys, and

hence it is not always possible to follow them al ong a
valley. Oten, also, the sides of a valley which encl osed
a glacier are so steep that it is only here and

there that the stones have remained in place. They

are, nevertheless, very distinct in the |ower part of the
val l ey of the Rhone, between Martigny and the Lake

of Geneva, where several parallel ridges can be observed,
one above the other, at a height of one thousand,

one thousand two hundred, and even one thousand
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five hundred feet above the Rhone. It is between

St. Maurice and the cascade of Pissevache, close to

the ham et of Chaux-Fleurie, that they are nobst accessible,
for at this place the sides of the valley at different

| evel s ascend in little terraces, upon which the

nor ai nes have been preserved. They are al so very

di stinct above the Bains de Lavey, and above the

village of Monthey at the entrance of the Val d'Illiers,
where the sides of the valley are less inclined than in

many ot her pl aces.

"The perched bowl ders which are found in the Al pine
val | eys, at considerable distances fromthe gl aciers,
occupy at times positions so extraordinary that they
excite in a high degree the curiosity of those who see
them For instance, when one sees an angul ar stone
perched upon the top of an isolated pyramid, or resting
in some way in a very steep locality, the first inquiry
of the mind is, When and how have these stones been

pl aced in such positions, where the | east shock woul d
seemto turn themover? But this phenonenon is not

in the | east astonishing when it is seen to occur also
within the limts of actual glaciers, and it is recalled

by what circunstances it is occasioned.

"The nobst curious exanpl es of perched stones
whi ch can be cited are those which conmand the
northern part of the cascade of Pissevache, close to

Chaux-Fl euri e, and those above the Bains de Lavey,

Get any book for free on: www.Abika.com



History of Science

close to the village of Mrcles; and those, even nore
curious, which | have seen in the valley of St. Nicol as
and Oberhasli. At Kirchet, near Meiringen, can be seen
some very remarkabl e crowns of bow ders around severa
domes of rock which appear to have been projected

above the surface of the glacier which surrounded

them Sonething very simlar can be seen around the

top of the rock of St. Triphon.

"The extraordi nary phenonenon of perched stones

coul d not escape the observing eye of De Saussure,

who noticed several at Sal eve, of which he described
the positions in the foll owing manner: ' One sees,'

sai d he, 'upon the slope of an inclined neadow, two

of these great bowl ders of granite, elevated one upon
the other, above the grass at a height of two or three
feet, upon a base of |inmestone rock on which both rest.
This base is a continuation of the horizontal strata of
the nmountain, and is even united with it visibly onits
| ower face, being cut perpendicularly upon the other
sides, and is not larger than the stone which it
supports.' But seeing that the entire nmountain is
conposed of the same |inestone, De Saussure naturally
concluded that it would be absurd to think that it was
el evated precisely and only beneath the bl ocks of
granite. But, on the other hand, since he did not

know t he manner in which these perched stones are

deposited in our days by glacial action, he had recourse
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to anot her explanation: He supposes that the

rock was worn away around its base by the continua
erosion of water and air, while the portion of the rock
whi ch served as the base for the granite had been protected
by it. This explanation, although very ingenious,

could no longer be admitted after the researches

of M Elie de Beaunont had proved that the

action of atnospheric agencies was not by a good dea

so destructive as was theretofore supposed. De Saussure
speaks al so of a detached bow der, situated upon

t he opposite side of the Tete-Noire, "which is,' he says,
"of so great a size that one is tenpted to believe that it
was fornmed in the place it occupies; and it is called
Barme russe, because it is worn away beneath in the
form of a cave which can afford accommodation for

nore than thirty persons at a tinme."[4]

But the inplications of the theory of glaciers extend,
so Agassiz has cone to believe, far beyond the

Alps. If the Al ps had been covered with an ice sheet,
so had many other regions of the northern hem sphere.
Casting abroad for evidences of glacial action, Agassiz
found them everywhere in the form of transported
erratics, scratched and polished outcropping rocks,

and noraine-1ike deposits. Finally, he becanme convi nced
that the ice sheet that covered the Al ps had

spread over the whole of the higher latitudes of the
northern hem sphere, form ng an ice cap over the gl obe.

Thus the common-sense i nduction of the chanpis-
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hunter bl ossoned in the mnd of Agassiz into the

conception of a universal ice age.

In 1837 Agassiz had introduced his theory to the

world, in a paper read at Neuchatel, and three years

| ater he published his famus Etudes sur |es @ aciers,
fromwhich we have just quoted. Never did idea nake

a nore profound disturbance in the scientific world.

Von Buch treated it with alternate ridicule, contenpt,
and rage; Murchison opposed it with customary vigor

even Lyell, whose npobst remarkabl e nmental endowrent

was an unfailing receptiveness to new truths,

could not at once discard his iceberg theory in favor

of the new clainmnt. Dr. Buckland, however, after
Agassi z had shown hi m evidence of forner glacial action
in his own Scotl and, became a convert--the nore

readily, perhaps, as it seemed to himto oppose the
uniformtarian idea. Gradually others fell in Iine, and
after the usual inmbittered controversy and the inevitable
full generation of probation, the idea of an ice

age took its place anpng the accepted tenets of geol ogy. Al
manner of moot points still demanded attention--the
cause of the ice age, the exact extent of the

ice sheet, the precise manner in which it produced its
effects, and the exact nature of these effects; and not
all of these have even yet been determ ned. But, details
aside, the ice age now has full recognition from

geol ogi sts as an historical period. There may have
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been many ice ages, as Dr. Croll contends; there was
surely one; and the conception of such a period is one
of the very few ideas of our century that no previous

century had even so nuch as faintly adunbrated.

THE GEOLOG CAL AGES

But, for that matter, the entire subject of historical
geology is one that had but the barest begi nning before
our century. Until the pal eontol ogi st found out the

key to the earth's chronol ogy, no one--not even Hutton--
could have any definite idea as to the true story

of the earth's past. The only conspicuous attenpt to
classify the strata was that nmade by Werner, who divided
the rocks into three systens, based on their supposed
order of deposition, and called primary, transition

and secondary.

Though Werner's observations were confined to the

smal | province of Saxony, he did not hesitate to affirm
that all over the world the succession of strata would be
found the sane as there, the concentric layers, according
to this conception, being arranged about the earth

with the regularity of |layers on an onion. But in this
Werner was as mistaken as in his theoretical explanation
of the origin of the "primary" rocks. It required

but little observation to show that the exact succession

of strata is never precisely the same in any w dely separated
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regi ons. Neverthel ess, there was a germ of

truth in Werner's system It contained the idea, however
faultily interpreted, of a chronol ogi cal succession

of strata; and it furnished a working outline for the
observers who were to nake out the true story of

geol ogi cal devel opnent. But the correct interpretation
of the observed facts could only be made after the
Huttonian view as to the origin of strata had gai ned

conpl et e accept ance

When W1l liam Smith, having found the true key to

this story, attenpted to apply it, the territory with
whi ch he had to deal chanced to be one where the surface
rocks are of that later series which Werner terned
secondary. He made numerous subdivisions within

this system based nainly on the fossils. Meantine it
was found that, judged by the fossils, the strata that
Brongni art and Cuvier studied near Paris were of a stil
nore recent period (presuned at first to be due to the
| atest deluge), which cane to be spoken of as tertiary.
It was in these beds, sone of which seenmed to have
been formed in fresh-water |akes, that many of the
strange mammal s whi ch Cuvier first described were

f ound.

But the "transition" rocks, underlying the "secondary"

systemthat Smith studied, were still practically

unexpl ored when, along in the thirties, they were taken
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i n hand by Roderick |npey Mirchison, the reforned
f ox- hunter and ex-captain, who had turned geol ogi st to
such notabl e advant age, and Adam Sedgwi ck, the brilliant

Woodwar di an prof essor at Canbri dge.

Wor ki ng together, these two friends classified the

transition rocks into chronol ogical groups, since famliar
to every one in the larger outlines as the Silurian
system (age of invertebrates) and the Devoni an system
(age of fishes)--names derived respectively fromthe
country of the ancient Silures, in Wales and Devonshire,
Engl and. It was subsequently di scovered that

these systens of strata, which crop out from beneath
newer rocks in restricted areas in Britain, are spread
out into broad, undisturbed sheets over thousands of
mles in continental Europe and in Anerica. Later on

Mur chi son studied themin Russia, and described them
conjointly with Verneuil and Von Kerserling, in a
ponderous and cl assical work. In Anerica they were
studi ed by Hall, Newberry, Witney, Dana, Witfield,

and ot her pioneer geol ogists, who all but anticipated

their English contenporaries.

The rocks that are of still older formation than those
studi ed by Murchison and Sedgwi ck (corresponding in

| ocation to the "primary" rocks of Werner's conception)
are the surface feature of vast areas in Canada

and were first prom nently studied there by Wlliaml.
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Logan, of the Canadi an Government Survey, as early as
1846, and later on by Sir WIIliam Dawson. These rocks
--conprising the Laurentian system-were fornerly
supposed to represent parts of the original crust of the
earth, formed on first cooling froma molten state; but
they are now nore generally regarded as once-stratified

deposits netanorphosed by the action of heat.

Whet her "primtive" or netanorphic, however,

t hese Canadi an rocks, and anal ogous ones beneath the
fossiliferous strata of other countries, are the ol dest
portions of the earth's crust of which geol ogy has any
present knowl edge. Mountains of this formation, as

t he Adirondacks and the Storm King range, overl ooking

t he Hudson near West Point, are the patriarchs of their
ki nd, beside which Alleghanies and Sierra Nevadas are
recent upstarts, and Rockies, Al ps, and Andes are nere

parvenus of yesterday.

The Laurentian rocks were at first spoken of as representing
"Azoic" time; but in 1846 Dawson found a

formation deep in their nmidst which was believed to b e

the fossil relic of a very low formof life, and after that it
became customary to speak of the system as "Eozoic."

Still nore recently the title of Dawson's supposed fossi

to rank as such has been questioned, and Dana's suggestion
that the early rocks be terned nerely Archman

has nmet with general favor. Mirchison and Sedgwi ck's
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Silurian, Devonian, and Carboniferous groups

(the ages of invertebrates, of fishes, and of coal plants,
respectively) are together spoken of as representing

Pal eozoic tinme. Wlliam Snith's systemof strata

next above these, once called "secondary," represents
Mesozoic tine, or the age of reptiles. Still higher, or
nore recent, are Cuvier and Brongniart's tertiary rocks,
representing the age of mammals. Lastly, the nost

recent formations, dating back, however, to a period

far enough fromrecent in any but a geol ogical sense,
are classed as quaternary, representing the age of

man.

It nmust not be supposed, however, that the successive
"ages" of the geol ogist are shut off from one another in
any such arbitrary way as this verbal classification

m ght seemto suggest. In point of fact, these "ages"
have no better warrant for existence than have the
"centuries" and the "weeks" of every-day conputation
They are convenient, and they may even stand

for local divisions in the strata, but they are bounded

by no actual gaps in the sweep of terrestrial events.

Mor eover, it nust be understood that the "ages" of
different continents, though described under the sane
name, are not necessarily of exact contenporaneity.
There is no sure test available by which it could be
shown that the Devonian age, for instance, as outlined

in the strata of Europe, did not begin mllions of years
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earlier or later than the period whose records are said
to represent the Devonian age in America. In attenpting
to decide such details as this, mneral ogica

data fail us utterly. Even in rocks of adjoining regions
identity of structure is no proof of contenporaneous
origin; for the veritable substance of the rock of one
age is ground up to build the rocks of subsequent ages.
Furthernore, in seas where conditions change but little
the sane formof rock nmay be made age after age. It

is believed that chal k-beds still forming in some of our
present seas may form one continuous mass dati ng back
to earliest geologic ages. On the other hand, rocks
different in character nmaybe forned at the sane tine in
regions not far apart--say a sandstone al ong shore, a
coral limestone farther seaward, and a chal k- bed beyond.
This continuous stratum broken in the process

of upheaval, m ght seemthe record of three different

epochs.

Pal eont ol ogy, of course, supplies far better chronol ogica
tests, but even these have their limtations.

There has been no time since rocks now in existence

were forned, if ever, when the earth had a uniform
climate and a single undiversified fauna over its entire
| and surface, as the early pal eontol ogi sts supposed.
Speaki ng broadly, the sane general stages have attended
the evolution of organic fornms everywhere, but there

is nothing to show that equal periods of time wtnessed

Get any book for free on: www.Abika.com



History of Science 196

correspondi ng changes in diverse regions, but quite the
contrary. To cite but a single illustration, the marsupia
order, which is the dom nant mammalian type

of the living fauna of Australia to-day, existed in Europe
and died out there in the tertiary age. Hence a

future geol ogist nmight think the Australia of to-day

cont enporaneous with a period in Europe which in

reality antedated it by perhaps mllions of years.

Al'l these puzzling features unite to render the subject
of historical geology anything but the sinple matter

the fathers of the science esteened it. No one

woul d now attenpt to trace the exact sequence of
formation of all the nmountains of the globe, as Elie de
Beaunont did a half-century ago. Even within the

limts of a single continent, the geol ogi st nust proceed
with nmuch caution in attenpting to chronicle the order
in which its various parts rose fromthe matrix of the
sea. The key to this story is found in the identification
of the strata that are the surface feature in each
territory. |If Devonian rocks are at the surface in any
given region, for exanple, it would appear that this
regi on becane a land surface in the Devoni an age, or
just afterwards. But a noment's consideration shows

that there is an elenent of uncertainty about this, due
to the steady denudation that all |and surfaces undergo.
The Devoni an rocks may lie at the surface sinply because
t he thousands of feet of carboniferous strata that

once | ay above them have been worn away. All that
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the cautious geol ogi st dare assert, therefore, is that the
region in question did not becone pernmanent |and surface

earlier than the Devoni an age.

But to know even this is much--sufficient, indeed, to
establish the chronol ogi cal order of elevation, if not its
exact period, for all parts of any continent that have
been geol ogi cal | y expl or ed--under st andi ng al ways t hat
there nmust be no scrupling about a latitude of a few
mllions or perhaps tens of mllions of years here and

t here.

Regar di ng our own continent, for exanple, we |learn

t hrough the researches of a nultitude of workers that
inthe early day it was a nere archipelago. Its chief

i sl and--the backbone of the future continent--was a
great V-shaped area surroundi ng what is now Hudson

Bay, an area built tip, perhaps, through denudation of a
yet nore ancient polar continent, whose existence is
only conjectured. To the southeast an island that is

now t he Adi rondack Mountains, and another that is now
the Jersey Highlands rose above the waste of waters,

and far to the south stretched probably a Iine of islands
now represented by the Blue Ri dge Muntains.

Far off to the westward another |ine of islands

f oreshadowed our present Pacific border. A few ninor

islands in the interior conpleted the archipel ago.
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Fromthis bare skeleton the continent grew, partly

by the deposit of sedinment fromthe denudation of the
original islands (which once towered mles, perhaps,

where now they rise thousands of feet), but largely also

by the deposit of organic remains, especially in the interior
sea, which teened with life. In the Silurian

ages, invertebrates--brachi opods and crinoids and

cephal opods--were the dom nant types. But very

early--no one knows just when--there cane fishes of

many strange forms, sonme of the early ones encl osed

in turtle-like shells. Later yet, |large spaces within the
interior sea having risen to the surface, great nmarshes

or forests of strange types of vegetation grew and

deposited their remains to formcoal -beds. Many tines

over such forests were forned, only to be destroyed by

the oscillations of the land surface. Al told, the strata

of this Paleozoic period aggregate several mles in thickness,
and the tinme consunmed in their formation stands

to all later time up to the present, according to Professor

Dana's estimate, as three to one.

Towards the close of this Pal eozoic era the Appal achi an
Mount ai ns were slowy upheaved in great convol uted
folds, some of them probably reaching three or

four mles above the sea-level, though the tooth of tinme
has since ghawed them down to conparatively puny

limts. The continental areas thus enlarged were

peopl ed during the ensuing Mesozoic tinme with nmultitudes

of strange reptiles, many of them gigantic in size.
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The waters, too, still teeming with invertebrates and
fishes, had their quota of reptilian nonsters; and in the
air were flying reptiles, sonme of which nmeasured twenty-
five feet fromtip to tip of their batlike wi ngs. During
this era the Sierra Nevada Muntains rose. Near the
eastern border of the form ng continent the strata were
perhaps now too thick and stiff to bend into nmountain
folds, for they were rent into great fissures, letting out
floods of molten lava, remmants of which are still in

evi dence after ages of denudation, as the Palisades

al ong the Hudson, and such el evati ons as Munt Hol yoke

in western Massachusetts.

Still there remained a vast interior sea, which later

on, in the tertiary age, was to be divided by the slow
uprising of the land, which only yesterday--that is to

say, a mllion, or three or five or ten mllion, years ago--
becanme the Rocky Muntains. H gh and erect these

young nountains stand to this day, their sharp angles

and rocky contours vouching for their youth, in strange
contrast with the shrunken forns of the old Adirondacks,
Green Mountains, and Appal achi ans, whose | owered

heads and rounded shoul ders attest the wei ght of

ages. In the vast |akes which still remai ned on either

side of the Rocky range, tertiary strata were slowy

formed to the ultinate depth of two or three niles, enclosing
here and there those vertebrate remains which

were to be exposed again to view by denudati on when
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the land rose still higher, and then, in our own tinme, to

tell so wonderful a story to the pal eontol ogi st.

Finally, the interior seas were filled, and the shore

lines of the continent assumed nearly their present outline.

Then came the | ong winter of the glacial epoch--perhaps
of a succession of glacial epochs. The ice sheet

extended southward to about the fortieth parallel, driving
some ani mals before it, and destroying those that

were unable to mgrate. At its fulness, the great ice
mass lay alnost a mile in depth over New Engl and, as
attested by the scratched and polished rock surfaces

and deposited erratics in the Wite Muntains. Such

a mass presses down with a weight of about one hundred
and twenty-five tons to the square foot, according

to Dr. Croll's estimate. It crushed and ground everything
beneath it nore or less, and in sone regions

pl aned off hilly surfaces into prairies. Creeping slowy
forward, it carried all manner of debris with it. When

it nelted away its termnal noraine built up the nucl eus
of the | and masses now known as Long | sl and

and Staten Island; other of its deposits formed the
"drum i ns" about Boston fanmpbus as Bunker and

Breed's hills; and it left a long, irregular line of ridges
of "till" or bowl der clay and scattered erratics clear
across the country at about the latitude of New York

city.
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As the ice sheet slowmy receded it I eft m nor noraines

all along its course. Sonetinmes its deposits danmed

up river courses or inequalities in the surface, to form
the | akes which everywhere abound over Northern territories.
Some gl acialists even hold the view first suggested

by Ransey, of the British Ceol ogical Survey,

that the great glacial sheets scooped out the basins of
many | akes, including the systemthat feeds the St.
Lawrence. At all events, it left traces of its presence
all along the line of its retreat, and its remants exi st
to this day as nountain glaciers and the polar ice cap

I ndeed, we live on the border of the last glacial epoch
for with the closing of this period the |ong geol ogi c past

nmerges into the present.

PAST, PRESENT, AND FUTURE

And the present, no less than the past, is a tinme of

change. This is the thought which Janmes Hutton conceived

nore than a century ago, but which his contenporaries

and successors were so very slow to appreciate.

Now, however, it has beconme axi omatic--one can hardly

realize that it was ever doubted. Every new scientific

truth, says Agassiz, nmust pass through three stages

--first, nen say it is not true; then they declare it hostile
toreligion; finally, they assert that every one has

known it always. Hutton's truth that natural lawis
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changel ess and eternal has reached this final stage.
Nowhere now could you find a scientist who would dispute
the truth of that text which Lyell, quoting from
Playfair's Illustrations of the Huttonian Theory, printed
on the title-page of his Principles: "Amd all the

revol utions of the globe the econony of Nature has been
uni form and her laws are the only things that have

resi sted the general novenent. The rivers and the

rocks, the seas and the continents, have been changed

in all their parts; but the |laws which direct those
changes, and the rules to which they are subject, have

remai ned invariably the sane."

But, on the other hand, Hutton and Playfair, and in
particul ar Lyell, drew inferences fromthis principle
whi ch the nodern physicist can by no neans adnmit.

To themit inplied that the changes on the surface of
the earth have al ways been the sane in degree as wel

as in kind, and nust so continue while present forces
hold their sway. In other words, they thought of the
world as a great perpetual -notion machine. But the
nodern physicist, given truer nechanical insight by the
doctrines of the conservation and the dissipation of energy,
wi |l have none of that. Lord Kelvin, in particular

has urged that in the periods of our earth's in

fancy and adol escence its devel opnental changes nust
have been, |i ke those of any other infant organi sm
vastly nore rapid and pronounced than those of a later

day; and to every clear thinker this truth al so must
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now seem axi omati c.

Whoever thinks of the earth as a cooling gl obe can

hardly doubt that its crust, when thinner, may have
heaved under strain of the noon's tidal pull--whether

or not that body was nearer--into great billows, daily
rising and falling, |like waves of the present seas vastly

magni fi ed.

Under stress of that sane lateral pressure fromcontraction
whi ch now produces the sl ow depression of the

Jersey coast, the slow rise of Sweden, the occasiona

bel ching of an insignificant volcano, the jetting of a
geyser, or the trenbling of an earthquake, once |arge
areas were rent in twain, and vast floods of |ava fl owed
over thousands of square mles of the earth's surface,
perhaps, at a single jet; and, for aught we know to the
contrary, gigantic mountains nmay have heaped up their
contorted heads in cataclysns as spasnodi c as even the
nost ardent catastrophist of the el der day of geol ogy

coul d have i magi ned.

The atnosphere of that early day, filled with vast

vol unes of carbon, oxygen, and other chem cals that
have since been stored in beds of coal, |inestone, and
granites, may have worn down the rocks on the one

hand and built up organic fornms on the other, with a

rapidity that would now seem hardly concei vabl e.
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And yet while all these anomal ous things went on,

the sane | aws held sway that now are operative; and a
true doctrine of uniformtariani smwould nmake no
unwont ed concession in conceding themall--though

nost of the inbittered geol ogi cal controversies of the
nm ddl e of the nineteenth century were due to the failure

of both parties to realize that sinple fact.

And as of the past and present, so of the future. The
same forces will continue to operate; and under operation
of these unchanging forces each day will differ
fromevery one that has preceded it. If it be true, as
every physicist believes, that the earth is a cooling

gl obe, then, whatever its present stage of refrigeration
the time must cone when its surface contour will assunme
arigidity of level not yet attained. Then, just

as surely, the slow action of the elements will continue
to wear away the land surfaces, particle by particle,

and transport themto the ocean, as it does to-day,

until, conpensation no |onger being afforded by the
upheaval of the continents, the last foot of dry land wll
sink for the last time beneath the water, the |ast nountain-
peak nelting away, and our gl obe, |apsing |ike

any other organisminto its second chil dhood, will be

on the surface--as presunably it was before the first

continent rose--one vast "waste of waters." As puny
man conceives time and things, an awful cycle wll

have | apsed; in the sweep of the cosmic life, a pulse-
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beat will have throbbed.

V. THE NEW SClI ENCE OF METEOROLOGY

METEORI TES

"“An astonishing mracle has just occurred in our district,"
wote M Marais, a worthy if undistinguished

citizen of France, fromhis honme at L' Aigle, under date

of "the 13th Floreal, year 11"--a date which outside

of France would be interpreted as nmeani ng May 3,

1803. This "miracle" was the appearance of a "fireball"

in broad daylight--"perhaps it was wldfire,"

says the naive chronicle--which "hung over the neadow, "
bei ng seen by many peopl e, and then expl oded

with a loud sound, scattering thousands of stony fragnments

over the surface of a territory sone mles in extent.

Such a "miracle" could not have been announced at

a nore opportune tinme. For sonme years the scientific
worl d had been agog over the question whether such a
formof |ightning as that reported--appearing in a clear
sky, and hurling literal thunderbolts--had real existence.
Such cases had been reported often enough, it

is true. The "thunderbolts" thensel ves were exhibited

as sacred relics before many an altar, and those
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who doubted their authenticity had been chided as
having "an evil heart of unbelief." But scientific
sceptici sm had questioned the evidence, and late in the
ei ghteenth century a consensus of opinion in the French
Acadeny had declined to admt that such stones had

been "conveyed to the earth by lightning,"” let alone

any nore mracul ous agency.

In 1802, however, Edward Howard had read a paper

before the Royal Society in which, after review ng the

evi dence recently put forward, he had reached the concl usion
that the fall of stones fromthe sky, sonetines

or always acconpani ed by |ightning, nust be adnmitted

as an actual phenonenon, however inexplicable. So

now, when the great stone-fall at L'Aigle was announced,
the French Acadeny made haste to send the

brilliant young physicist Jean Baptiste Biot to investigate
it, that the matter mght, if possible, be set finally

at rest. The investigation was in all respects successful
and Biot's report transferred the stony or netallic
lightning-bolt--the aerolite or neteorite--fromthe realm

of tradition and conjecture to that of accepted science.

But how explain this strange phenomenon? At

once specul ation was rife. One theory contended

that the stony nmasses had not actually fallen, but had
been formed fromthe earth by the action of the Iightning;
but this contention was early abandoned. The

chemi sts were disposed to believe that the aerolites had
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been fornmed by the conbination of elements floating in

t he upper atnosphere. Geol ogists, on the other hand,

t hought them of terrestrial origin, urging that they

m ght have been thrown up by vol canoes. The astrononers,
as represented by O bers and Lapl ace, nodified

this theory by suggesting that the stones m ght

i ndeed, have been cast out by vol canoes, but by vol canoes

situated not on the earth, but on the noon.

And one specul ator of the tinme took a step even

nmore daring, urging that the aerolites were neither of
telluric nor selenitic origin, nor yet children of the sun,
as the old Greeks had, many of them contended, but

that they are visitants fromthe depths of cosm c space
This bol d specul ator was the distinguished German

physicist Ernst F. F. Chladni, a man of no small repute

in his day. As early as 1794 he urged his cosm ca

theory of neteorites, when the very existence of neteorites
was deni ed by mpst scientists. And he did

nmore: he declared his belief that these falling stones
were really one in origin and kind with those flashing

net eors of the upper atnosphere which are fanmliar

everywhere as "shooting-stars."

Each of these coruscating nmeteors, he affirnmed, nust
tell of the ignition of a bit of cosmc matter entering
the earth's atnosphere. Such wandering bits of matter

m ght be the fragnments of shattered worlds, or, as
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Chl adni thought nore probable, nmerely aggregations
of "world stuff" never hitherto connected with any

| arge pl anetary nmss.

Nat ural |y enough, so unique a view nmet with very
scant favor. Astronomers at that tine saw little to
justify it; and the non-scientific world rejected it with

fervor as being "atheistic and heretical," because its
acceptance would seemto inply that the universe is

not a perfect mechani sm

Sone |ight was thrown on the npbot point presently

by the observations of Brandes and Benzenberg, which
tended to show that falling-stars travel at an actua
speed of fromfifteen to ninety mles a second. This observation
tended to discredit the selenitic theory, since

an object, in order to acquire such speed in falling
nmerely fromthe noon, nust have been projected with

an initial velocity not conceivably to be given by any
l unar vol canic inpul se. Mreover, there was a grow ng
conviction that there are no active vol canoes on the
noon, and other considerations of the same tenor |ed

to the conpl ete abandonnment of the selenitic theory.

But the theory of telluric origin of aerolites was by
no nmeans so easily disposed of. This was an epoch
when el ectrical phenonena were exciting unbounded
and universal interest, and there was a not unnatura

tendency to appeal to electricity in explanation of
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every obscure phenomenon; and in this case the seem ng
simlarity between a lightning flash and the flash

of an aerolite lent color to the explanation. So we

find Thomas Forster, a nmeteorol ogist of repute, stil
adhering to the atnospheric theory of formation of
aerolites in his book published in 1823; and, indeed, the
prevailing opinion of the tine seened divided between
various telluric theories, to the neglect of any cosnica

t heory what ever.

But in 1833 occurred a phenonenon which set the

matter finally at rest. A great neteoric shower occurred
in Novenber of that year, and in observing it

Prof essor Deni son O nstead, of Yale, noted that all the
stars of the shower appeared to come froma single

centre or vanishing-point in the heavens, and that

this centre shifted its position with the stars, and hence
was not telluric. The full significance of this observation
was at once recogni zed by astrononers; it denonstrated
beyond all cavil the cosmical origin of the

shooti ng-stars. Sone conservative meteorol ogi sts kept

up the argunent for the telluric origin for sonme decades
to come, as a matter of course--such a band trails

always in the rear of progress. But even these doubters
were silenced when the great shower of shooting-

stars appeared again in 1866, as predicted by O bers

and Newt on, radiating fromthe same point of the

heavens as before.
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Since then the spectroscope has added its confirmatory
evidence as to the identity of neteorite and shooting-star
and, noreover, has |linked these atnospheric

meteors with such distant cosnmic residents as conets

and nebul ae. Thus it appears that Chladni's daring

hypot hesis of 1794 has been nore than verified, and

that the fragnents of matter dissociated from planetary
connecti on--whi ch be postul ated and was decl ared
atheistic for postul ating--have been shown to

be billions of tines nore nunerous than any | arger

cosm c bodi es of which we have cogni zance--so wi dely

does the existing universe differ fromman's preconceived

notions as to what it should be.

Thus also the "mracle" of the falling stone, against
which the scientific scepticismof yesterday presented

"an evil heart of unbelief," turns out to be the npst
natural phenonena, inasnuch as it is repeated in our

at nosphere some mllions of tines each day.

THE AURORA BOREALI S

If fire-balls were thought mracul ous and portentous
in days of yore, what interpretation nust needs have
been put upon that vastly nore picturesque phenonenon,
the aurora? "Through all the city," says the

Book of Maccabees, "for the space of alnost forty days,
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there were seen horsenen running in the air, in cloth

of gold, armed with |ances, |ike a band of soldiers: and
troops of horsenen in array encountering and running

one agai nst another, with shaking of shields and nultitude
of pikes, and drawi ng of swords, and casting of

darts, and glittering of golden ornanents and harness."
Dire omens these; and hardly | ess om nous the aurora
seened to all succeeding generations that observed it
down well into the eighteenth century--as wtness

t he popul ar excitenent in England in 1716 over the
brilliant aurora of that year, which becanme fanous

t hrough Hal l ey's description.

But after 1752, when Franklin dethroned the |ightning,
all spectacul ar neteors cane to be regarded as

nat ural phenonena, the aurora anong the rest. Franklin
expl ai ned the aurora--which was seen commonly

enough in the eighteenth century, though only recorded
once in the seventeenth--as due to the accunul ati on of
electricity on the surface of polar snows, and its discharge
to the equator through the upper atnopsphere.

Erasmus Darwi n suggested that the |lum nosity m ght

be due to the ignition of hydrogen, which was supposed
by many phil osophers to formthe upper atnosphere.
Dalton, who first neasured the height of the aurora,
estimating it at about one hundred mles, thought the
phenomenon due to magneti sm acti ng on ferrugi nous

particles in the air, and his explanation was perhaps the

Get any book for free on: www.Abika.com



History of Science 212

nost popul ar one at the beginning of the last century.

Since then a multitude of observers have studied the
aurora, but the scientific grasp has found it as elusive in
fact as it seens to casual observation, and its exact
nature is as undeterm ned to-day as it was a hundred

years ago. There has been no dearth of theories concerning
it, however. Blot, who studied it in the Shetland

Islands in 1817, thought it due to electrified

ferrugi nous dust, the origin of which he ascribed to

I cel andi ¢ vol canoes. Mich nore recently the idea of

ferrugi nous particles has been revived, their presence
bei ng ascri bed not to vol canoes, but to the neteorites
constantly being dissipated in the upper atnosphere.
Ferrugi nous dust, presumably of such origin, has been
found on the polar snows, as well as on the snows of
nount ai n-tops, but whether it could produce the phenonena

of auroras is at |east an open question.

O her theorists have expl ained the aurora as due to

the accunul ation of electricity on clouds or on spicules
of ice in the upper air. Yet others think it due nerely
to the passage of electricity through rarefied air itself.
Hunmbol dt considered the matter settled in yet another

way when Faraday showed, in 1831, that nmgnetism

may produce | um nous effects. But perhaps the prevailing
theory of to-day assunmes that the aurora is due

to a current of electricity generated at the equator and

passi ng through upper regions of space, to enter the
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earth at the magnetic poles--sinmply reversing the

course which Franklin assuned.

The simlarity of the auroral light to that generated

in a vacuum bul b by the passage of electricity |ends
support to the |ong-standing supposition that the aurora
is of electrical origin, but the subject still awaits
conpl ete elucidation. For once even that nystery-

sol ver the spectroscope has been baffled, for the line it
sifts fromthe aurora is not matched by that of any
recogni zed substance. Alike line is found in the
zodiacal light, it is true, but this is of little aid, for the
zodi acal light, though thought by some astrononers to

be due to neteor swarns about the sun, is held to be,

on the whole, as mysterious as the aurora itself.

What ever the exact nature of the aurora, it has |ong
been known to be intimately associated with the phenonena
of terrestrial magneti sm Wenever a brilliant

aurora is visible, the world is sure to be visited

wi th what Hunbol dt called a magnetic storm-a

"storm' which manifests itself to hunan senses in no
way what soever except by deflecting the magnetic
needl e and conjuring with the electric wire. Such
magnetic storns are curiously associated also with
spots on the sun--just how no one has expl ai ned,

t hough the fact itself is unquestioned. Sun-spots, too,

seemdirectly linked with auroras, each of these phenonena
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passi ng through periods of greatest and | east
frequency in corresponding cycles of about eleven

years' duration.

It was suspected a full century ago by Herschel that

the variations in the nunmber of sun-spots had a direct

ef fect upon terrestrial weather, and he attenpted to
denonstrate it by using the price of wheat as a criterion
of climatic conditions, neantine making careful observation
of the sun-spots. Nothing very definite cane

of his efforts in this direction, the subject being far too

conplex to be determ ned without |ong periods of observation

Latterly, however, neteorologists, particularly

in the tropics, are disposed to think they find

evi dence of some such connection between sun-spots
and the weat her as Herschel suspected. |ndeed, M.

Mel drum decl ares that there is a positive coincidence
bet ween periods of nunerous sun-spots and seasons

of excessive rain in India.

That some such connection does exist seens intrinsically
probabl e. But the nodern neteorol ogist,

| earning wi sdom of the past, is extremely cautious

about ascribing casual effects to astrononi cal phenonmena.
He finds it hard to forget that until recently al

manner of climatic conditions were associated with
phases of the noon; that not so very |ong ago showers

of falling-stars were considered "prognostic" of certain

ki nds of weather; and that the "equinoctial stornt
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had been accepted as a verity by every one, unti
the unfeeling hand of statistics banished it fromthe

earth.

Yet, on the other hand, it is easily within the possibilities
that the science of the future may reveal associations

bet ween the weat her and sun-spots, auroras,

and terrestrial magnetismthat as yet are hardly

dreanmed of. Until such tinme, however, these phenonena

must feel thenselves very grudgingly admitted

to the inner circle of neteorology. Mre and

nore this science concerns itself, in our age of concentration
and specialization, with weather and climate.

Its votaries no | onger concern thenmselves with stars or

pl anets or conets or shooting-stars--once thought the
very essence of guides to weather wi sdom and they are
even | ooki ng askance at the noon, and asking her to

show cause why she al so shoul d not be excluded from

their domain. Equally little do they care for the interior
of the earth, since they have |earned that the

central emmnations of heat which Mairan i magi ned as a
mai n source of aerial warmh can claimno such

di stinction. Even such problens as why the magnetic

pol e does not coincide with the geographical, and why

the force of terrestrial magneti sm decreases fromthe
magneti c poles to the magnetic equator, as Hunbol dt

first discovered that it does, excite themonly to

| ukewarminterest; for magnetism they say, is not

Get any book for free on: www.Abika.com



History of Science 216

known to have any connection whatever with clinmate

or weat her.

EVAPCRATI ON, CLOUD FORMATI ON, AND DEW

There is at | east one form of meteor, however, of

those that interested our forebears whose neteorol ogi ca

i mportance they did not overestimate. This is the

vapor of water. How great was the interest in this

fam liar meteor at the beginning of the century is attested
by the nunber of theories then extant regarding

it; and these conflicting theories bear witness also to

the difficulty with which the familiar phenonmenon of

t he evaporation of water was expl ai ned.

Franklin had suggested that air dissolves water nuch

as water dissolves salt, and this theory was still popul ar,
t hough Del uc had disproved it by show ng that

wat er evaporates even nmore rapidly in a vacuumthan

in air. Deluc's own theory, borrowed fromearlier

chem sts, was that evaporation is the chem cal union

of particles of water with particles of the supposititious
el ement heat. Erasmus Darwi n comnbi ned the

two theories, suggesting that the air mght hold a

vari abl e quantity of vapor in nere solution, and in
addition a permanent noiety in chem cal conbination

with caloric.
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Undi sturbed by these conflicting views, that strangely
origi nal genius, John Dalton, afterwards to be known

as perhaps the greatest of theoretical chemists, took the
guestion in hand, and solved it by show ng that water
exists in the air as an utterly independent gas. He
reached a partial insight into the matter in 1793, when
his first volune of neteorol ogical essays was published;
but the full elucidation of the problemcanme to himin
1801. The merit of his studies was at once recogni zed,

but the tenability of his hypothesis was |ong and ardently

di sput ed.

While the nature of evaporation was in dispute, as a
matter of course the question of precipitation nmust be
equal | y undeterm ned. The nobst fanous theory of the

period was that fornulated by Dr. Hutton in a paper

read before the Royal Society of Edi nburgh, and published
in the volume of transactions which contained

al so the sane author's epoch-nmeki ng paper on geol ogy.

This "theory of rain" explained precipitation as due to
the cooling of a current of saturated air by contact with
a colder current, the assunption being that the surplusage
of npisture was precipitated in a chem ca

sense, just as the excess of salt dissolved in hot water is
preci pitated when the water cools. The idea that the
cooling of the saturated air causes the precipitation of
its moisture is the germof truth that renders this paper

of Hutton's inportant. All correct later theories build
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on this foundation.

"Let us suppose the surface of this earth wholly

covered with water," said Hutton, "and that the sun

were stationary, being always vertical in one place;
then, fromthe | aws of heat and rarefaction, there would
be formed a circulation in the atnosphere, flow ng
fromthe dark and cold hem sphere to the heated and

illumnated place, in all directions, towards the place

of the greatest cold.

"As there is for the atnosphere of this earth a constant
cooling cause, this fluid body could only arrive

at a certain degree of heat; and this would be regularly
decreasing fromthe centre of illunm nation to the opposite
poi nt of the globe, nost distant fromthe Iight and

heat. Between these two regi ons of extrene heat and

cold there would, in every place, be found two streans

of air following in opposite directions. If those streans
of air, therefore, shall be supposed as both sufficiently
saturated with humdity, then, as they are of different
tenperatures, there would be formed a continual condensati on
of aqueous vapor, in some m ddl e region of

t he atnosphere, by the comm xtion of part of those

two opposite streans.

"Hence there is reason to believe that in this supposed
case there would be formed upon the surface of

the gl obe three different regions--the torrid region, the
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tenperate, and the frigid. These three regi ons would
continue stationary; and the operations of each would

be continual. In the torrid region, nothing but evaporation
and heat woul d take place; no cloud could be

formed, because in changing the transparency of the

at nrosphere to opacity it would be heated i medi ately

by the operation of light, and thus the condensed water
woul d be again evaporated. But this power of the

sun woul d have a ternmination; and it is these that

woul d begin the region of tenperate heat and of continua
rain. It is not probable that the region of tenperance
woul d reach far beyond the region of |light; and

in the hem sphere of darkness there would be found a

regi on of extrene cold and perfect dryness.

"Let us now suppose the earth as turning on its axis

in the equinoctial situation. The torrid region would
thus be changed into a zone, in which there would be

ni ght and day; consequently, here would be much

t enperance, conpared with the torrid regi on now

consi dered; and here perhaps there would be forned

peri odi cal condensation and evaporation of humidity,
corresponding to the seasons of night and day. As tenperance
woul d thus be introduced into the region of

torrid extremty, so would the effect of this change be
felt over all the globe, every part of which would now
be illum nated, consequently heated in sonme degree.

Thus we woul d have a line of great heat and evaporation
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graduating each way into a point of great cold

and congel ati on. Between these two extremes of heat
and cold there would be found in each hem sphere a
regi on of much tenperance, in relation to heat, but of
much hum dity in the atnosphere, perhaps of continua

rain and condensati on.

"The supposition now forned nust appear extrenely

unfit for meking this globe a habitable world in

every part; but having thus seen the effect of night

and day in tenperating the effects of heat and cold in
every place, we are now prepared to contenplate the
effects of supposing this globe to revolve around the
sun with a certain inclination of its axis. By this
beauti ful contrivance, that conparatively uninhabited

gl obe is now divided into two hem spheres, each of

which is thus provided with a sumer and a wi nter

season. But our present viewis limted to the
evaporati on and condensation of humdity; and, in this
contrivance of the seasons, there nust appear an anple
provi sion for those alternate operations in every part;
for as the place of the vertical sun is noved alternately
fromone tropic to the other, heat and cold, the origina
causes of evaporation and condensati on, must be carried
over all the gl obe, producing either annual seasons

of rain or diurnal seasons of condensation and
evaporation, or both these seasons, nore or |ess--that

is, in sone degree.
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"The original cause of notion in the atnosphere is

the influence of the sun heating the surface of the earth
exposed to that lum nary. W have not supposed

that surface to have been of one uniform shape and
simlar substance; fromwhence it has foll owed that

t he annual propers of the sun, perhaps also the diurna
propers, would produce a regul ar condensation of rain

in certain regions, and the evaporation of humdity in
others; and this would have a regul ar progress in certain
det ermi ned seasons, and would not vary. But

not hi ng can be nore distant fromthis supposition, that
is the natural constitution of the earth; for the gl obe
is conposed of sea and land, in no regular shape or

m xture, while the surface of the land is also irregular
with respect to its elevations and depressions, and
various with regard to the humdity and dryness of

that part which is exposed to heat as the cause of
evaporation. Hence a source of the npbst val uable

nmotions in the fluid atnosphere with aqueous vapor

nmore or less, so far as other natural operations

will admit; and hence a source of the nost irregular
comm xture of the several parts of this elastic

fluid, whether saturated or not with agueous vapor

"According to the theory, nothing is required for the
production of rain besides the m xture of portions of
the atnosphere with hum dity, and of nixing the

parts that are in different degrees of heat. But we
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have seen the causes of saturating every portion of

t he atnosphere with humidity and of mxing the

parts which are in different degrees of heat. Consequently,
over all the surface of the globe there should

happen occasionally rain and evaporation, nore or

| ess; and also, in every place, those vicissitudes should
be observed to take place with sone tendency to regularity,
whi ch, however, may be so disturbed as to be

hardly di stingui shabl e upon many occasi ons. Vari abl e

wi nds and variabl e rains should be found in proportion

as each place is situated in an irregular m xture

of land and water; whereas regular w nds should be

found in proportion to the uniformty of the surface;

and regular rains in proportion to the regul ar changes

of those wi nds by which the m xture of the atnpbsphere
necessary to the rain may be produced. But as it wll

be acknow edged that this is the case in alnost all this
earth where rain appears according to the conditions

here specified, the theory is found to be thus in conformty
wi th nature, and natural appearances are thus

expl ai ned by the theory."[1]

The next anbitious attenpt to explain the phenonmena

of aqueous neteors was made by Luke Howard, in

hi s remarkabl e paper on cl ouds, published in the

Phi | osophi cal Magazine in 1803--the paper in which

the nanes cirrus, cunulus, stratus, etc., afterwards so

uni versal |y adopted, were first proposed. In this paper
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Howar d acknow edges his indebtedness to Dalton for

the theory of evaporation; yet he still clings to the idea
that the vapor, though independent of the air, is conbined
with particles of caloric. He holds that clouds

are conposed of vapor that has previously risen from

the earth, conbating the opinions of those who believe
that they are forned by the union of hydrogen and

oxygen existing independently in the air; though he

agrees with these theorists that electricity has entered
largely into the nodus operandi of cloud formation. He
opposes the opinion of Deluc and De Saussure that

cl ouds are conposed of particles of water in the form

of hollow vesicles (mniature balloons, in short, perhaps
filled with hydrogen), which untenabl e opinion

was a revival of the theory as to the formation of al

vapor which Dr. Halley had advocated early in the

ei ghteenth century.

O particular interest are Howard's views as to the
formati on of dew, which he explains as caused by the
particles of caloric forsaking the vapor to enter the coo
body, | eaving the water on the surface. This conmes as

near the truth, perhaps, as could be expected while the
old idea as to the materiality of heat held sway. Howard
bel i eved, however, that dewis usually forned in

the air at sone height, and that it settles to the surface,
opposi ng the opinion, which had gai ned vogue in France

and in America (where Noah Webster prom nently advocated
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it), that dew ascends fromthe earth.

The conpl ete solution of the problem of dew fornation--
which really involved also the entire question of
precipitation of watery vapor in any form-was nmade

by Dr. W C. Wells, a man of Anerican birth, whose
life, however, after boyhood, was spent in Scotland
(where as a young man he enjoyed the friendship of
David Hunme) and in London. |nspired, no doubt,

by the researches of Mack, Hutton, and their confreres
of that Edi nburgh school, Wells made observations on
evaporation and precipitation as early as 1784, but
other things clainmed his attention; and though he asserts
that the subject was often in his mind, he did not

take it up again in earnest until about 1812.

Meanti me the observations on heat of Runford and

Davy and Leslie had cleared the way for a proper
interpretation of the facts--about the facts themsel ves
there had | ong been practical unanimty of opinion

Dr. Black, with his |latent-heat observations, had really
given the clewto all subsequent discussions of the

subj ect of precipitation of vapor; and fromthis tinme on
it had been known that heat is taken up when water
evaporates, and given out again when it condenses.

Dr. Darwin had shown in 1788, in a paper before the
Royal Society, that air gives off heat on contracting
and takes it up on expanding; and Dalton, in his

essay of 1793, had expl ained this phenonmenon as due
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to the condensation and vaporization of the water contained

in the air.

But some curious and puzzling observations which

Prof essor Patrick W1 son, professor of astronony in

the University of G asgow, had communicated to the

Royal Society of Edinburgh in 1784, and sone simlar

ones nade by M. Six, of Canterbury, a few years |ater
had remai ned unexpl ai ned. Both these gentlenen

observed that the air is cooler where dew is formng than
the air a few feet higher, and they inferred that the dew
in form ng had taken up heat, in apparent violation of

establ i shed physical principles.

It remained for Wells, in his nmenorabl e paper of

1816, to show that these observers had sinply placed

the cart before the horse. He nade it clear that the

air is not cooler because the dewis formed, but that the
dew is formed because the air is cool er--having becone

so through radiation of heat fromthe solids on which

the dew forns. The dew itself, in form ng, gives out

its latent heat, and so tends to equalize the tenperature.

Wells's paper is so admirable an illustration of the
lucid presentation of clearly conceived experinents
and | ogi cal conclusions that we should do it injustice
not to present it entire. The author's nmention of the

observations of Six and W son gives added value to his
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own presentation.

Dr. Wells's Essay on Dew

"I was led in the autum of 1784, by the event of a

rude experinment, to think it probable that the formation
of dew is attended with the production of cold.

In 1788, a paper on hoar-frost, by M. Patrick W/I son,

of d asgow, was published in the first volune of the
Transactions of the Royal Society of Edinburgh, by

which it appeared that this opinion bad been entertained
by that gentleman before it had occurred to

nmyself. In the course of the same year, M. Six, of
Canterbury, nmentioned in a paper comrunicated to

the Royal Society that on clear and dewy nights he

al ways found the nmercury lower in a thernonmeter laid
upon the ground in a neadow in his nei ghborhood than

it was in a simlar thermonmeter suspended in the air six
feet above the forner; and that upon one night the

di fference amounted to five degrees of Fahrenheit's
scale. M. Six, however, did not suppose, agreeably to
the opinion of M. WIson and myself, that the cold was
occasi oned by the formation of dew, but inagined that

it proceeded partly fromthe |low tenperature of the

air, through which the dew, already formed in the

at nosphere, had descended, and partly fromthe
evaporati on of noisture fromthe ground, on which his

t her nonet er had been placed. The conjecture of M.
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W | son and the observations of M. Six, together with
many facts which | afterwards |l earned in the course

of reading, strengthened ny opinion; but | nmade no
attenpt, before the autumm of 1811, to ascertain by
experiment if it were just, though it had in the nean
time almost daily occurred to my thoughts. Happeni ng,
in that season, to be in that country in a clear and
calmnight, | laid a thernoneter upon grass wet with
dew, and suspended a second in the air, tw feet above
the other. An hour afterwards the thernoneter on

the grass was found to be ei ght degrees |ower, by
Fahrenheit's division, than the one in the air. Simlar
results having been obtained from several sinilar
experinments, made during the same autumm, | deterni ned
in the next spring to prosecute the subject with

sonme degree of steadiness, and with that view went
frequently to the house of one of my friends who |ives

in Surrey.

At the end of two nonths | fancied that | had

collected informati on worthy of being published; but,
fortunately, while preparing an account of it | met by
accident with a small posthunous work by M. Six,
printed at Canterbury in 1794, in which are rel ated

di fferences observed on dewy nights between thernoneters
pl aced upon grass and others in the air that

are much greater than those nentioned in the paper

presented by himto the Royal Society in 1788. In this
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work, too, the cold of the grass is attributed, in agreenent
with the opinion of M. WIson, altogether to the

dew deposited upon it. The value of ny own observations
appearing to me now nuch di m ni shed, though

t hey enbraced nany points |eft untouched by M. Six,

| gave up ny intentions of making them known. Shortly
after, however, upon considering the subject nore

closely, | began to suspect that M. WIlson, M. Six,

and nyself had all commtted an error regarding the

col d whi ch acconpani es dew as an effect of the formation
of that fluid. | therefore resunmed ny experinents,

and having by neans of them | think, not only

established the justness of ny suspicions, but ascertained
the real cause both of dew and of several other

natural appearances which have hitherto received no
sufficient explanation, | venture nowto subnit to the
consi deration of the | earned an account of some of

nmy | abors, without regard to the order of time in

whi ch they were performed, and of various concl usions
which may be drawn fromthem nixed with facts and

opi ni ons al ready published by others:

"There are various occurrences in nature which

seemto nme strictly allied to dew, though their relation
to it be not always at first sight perceivable. The
statement and expl anation of several of these will form

the concludi ng part of the present essay.

"1. | observed one norning, in winter, that the insides
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of the panes of glass in the wi ndows of ny bedchanber
were all of them noist, but that those which

had been covered by an inside shutter during the night
were much nore so than the others which had been
uncovered. Supposing that this diversity of appearance
depended upon a difference of tenperature,

applied the naked bul bs of two delicate thernonmeters

to a covered and uncovered pane; on which | found

that the forner was three degrees colder than the
latter. The air of the chanber, though no fire was

kept init, was at this tinme eleven and one-hal f degrees
war mer than that without. Simlar experinents

were rmade on many ot her nornings, the results of

which were that the warnth of the internal air exceeded
that of the external from eight to eighteen degrees,
the tenperature of the covered panes woul d be

fromone to five degrees | ess than the uncovered; that
the covered were sonetimes dewed, while the uncovered
were dry; that at other times both were free from

noi sture; that the outsides of the covered and uncovered
panes had simlar differences with respect to heat,

t hough not so great as those of the inner surfaces; and
that no variation in the quantity of these differences
was occasi oned by the weather's being cloudy or fair
provi ded the heat of the internal air exceeded that of
the external equally in both of those states of the

at nosphere.
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"The renote reason of these differences did not inmediately
present itself. | soon, however, saw that

the cl osed shutter shielded the glass which it covered
fromthe heat that was radiated to the w ndows by

the walls and furniture of the room and thus kept it
nearer to the tenperature of the external air than

t hose parts could be which, from being uncovered, received
the heat emitted to them by the bodies just

ment i oned.

"I'n maki ng these experinments, | sel dom observed

the inside of any pane to be nore than a |ittle danped,
though it mght be fromeight to twelve degrees col der
than the general mass of the air in the room while, in
the open air, | had often found a great dew to form on
substances only three or four degrees colder than the
at nosphere. This at first surprised me; but the cause
now seens plain. The air of the chanmber had once

been a portion of the external atmosphere, and had
afterwards been heated, when it could receive little accessories
to its original noisture. It constantly required

bei ng cool ed considerably before it was even

brought back to its fornmer nearness to repletion with
wat er; whereas the whole external air is commonly, at
night, nearly replete with nmoisture, and therefore
readily precipitates dew on bodies only a little col der

than itself.

"When the air of a roomis warner than the externa
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at nrosphere, the effect of an outside shutter on the
tenperature of the glass of the window will be directly
opposite to what has just been stated; since it nust
prevent the radiation, into the atnosphere, of the heat

of the chanmber transmtted through the gl ass.

"2. Count Runford appears to have rightly conjectured

that the inhabitants of certain hot countries,

who sleep at nights on the tops of their houses, are

cool ed during this exposure by the radiation of their

heat to the sky; or, according to his manner of expression
by receiving frigorific rays fromthe heavens.

Anot her fact of this kind seens to be the greater chil

whi ch we often experience upon passing at night from

the cover of a house into the air than m ght have been

expected fromthe cold of the external atnosphere.

The cause, indeed, is said to be the quickness of transition

fromone situation to another. But if this were
t he whol e reason, an equal chill would be felt in the day,
when the difference, in point of heat, between the interna

and external air was the sane as at night, which

is not the case. Besides, if | can trust my own observation,

the feeling of cold fromthis cause is nore remarkable
in a clear than in a cloudy night, and in the

country than in towns. The follow ng appears to be

the manner in which these things are chiefly to be expl ai ned:

"During the day our bodies while in the open air
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al t hough not i mredi ately exposed to the sun's rays, are
yet constantly deriving heat fromthem by neans of

the reflection of the atnosphere. This heat, though it
produces little change on the tenperature of the air
which it traverses, affords us sone conpensation for

t he heat which we radiate to the heavens. At night,
also, if the sky be overcast, sone conpensation will be
made to us, both in the town and in the country,

though in a | ess degree than during the day, as the
clouds will remt towards the earth no inconsiderable
quantity of heat. But on a clear night, in an open part
of the country, nothing alnbst can be returned to us
from above in place of the heat which we radi ate upward.
In towns, however, sone conpensation wll be

af forded even on the clearest nights for the heat

which we | ose in the open air by that which is radiated

to us fromthe sun round buil di ngs.

To our |l oss of heat by radiation at tinmes that we

derive little conpensation fromthe radi ati on of other
bodies is probably to be attributed a great part of the
hurtful effects of the night air. Descartes says that
these are not owing to dew, as was the conmon opi ni on

of his contenporaries, but to the descent of certain
noxi ous vapors whi ch have been exhaled fromthe earth
during the heat of the day, and are afterwards condensed
by the cold of a serene night. The effects in

guestion certainly cannot be occasi oned by dew, since

that fluid does not formupon a healthy human body
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in tenperate climtes; but they may, notw thstanding,
arise fromthe sane cause that produces dew on those
subst ances which do not, |ike the human body, possess
the power of generating heat for the supply of what

they | ose by radiation or any other nmeans."[2]

Thi s explanation made it plain why dew forms on a

cl ear night, when there are no clouds to reflect the radi ant

heat. Combined with Dalton's theory that vapor

is an i ndependent gas, limted in quantity in any given
space by the tenperature of that space, it solved the
probl em of the formation of clouds, rain, snow, and
hoar-frost. Thus this paper of Wells's closed the epoch
of speculation regarding this field of neteorol ogy, as
Hutton's paper of 1784 had opened it. The fact that

the vol une containing Hutton's paper contained al so

hi s epoch- meki ng paper on geol ogy finds curiously a
duplication in the fact that Wells's vol une cont ai ned
al so his essay on Albinism in which the doctrine of
natural selection was for the first time fornul ated, as
Charles Darwin freely admtted after his own efforts

had made the doctrine fanous.

| SOTHERMS AND OCEAN CURRENTS

The very next year after Dr. Wells's paper was published
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there appeared in France the third vol une of

the Menoires de Physique et de Chime de |a Societe

d' Arcueil, and a new epoch in neteorol ogy was i naugurated.

The society in question was nunerically an inconsequentia

band, listing only a dozen nmenbers; but every nanme was a fanous
one: Arago, Berard, Berthollet, Biot, Chaptal, De Candolle,

Dul ong, Gay-Lussac, Hunbol dt, Laplace, Poisson, and Thenard--rare
spirits every one. Little danger that the memoirs of such a band
woul d be relegated to the dusty shel ves where nobst proceedi ngs of
soci eties belong--no mlk-for-babes fare would be served to such

a conpany.

The particul ar paper which here interests us closes
this third and | ast volume of nempirs. It is entitled
"Des Lignes Isothermes et de la Distribution de |la
Chal eursurl e G obe."” The author is Al exander Hunbol dt.
Needl ess to say, the topic is handled in a masterly
manner. The distribution of heat on the surface of the
gl obe, on the mountain-sides, in the interior of the
earth; the causes that regulate such distribution; the
climatic results--these are the topics discussed. But
what gives epochal character to the paper is the introduction
of those isothermal lines circling the earth in

i rregul ar course, joining together places having the
sane nean annual tenperature, and thus laying the

foundation for a science of conparative climatol ogy.

It is true the attenpt to study climtes conparatively

was not new. Mairan had attenpted it in those
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papers in which he devel oped his bizarre ideas as to
central emanations of heat. Euler had brought his

prof ound mat henmati cal genius to bear on the topic,

evol ving the "extraordi nary conclusion that under the
equator at mdnight the cold ought to be nore rigorous
than at the poles in winter.” And in particular Richard
Ki rwan, the English chenmi st, had conbi ned the

mat hemati cal and the enpirical methods and cal cul at ed
tenperatures for all latitudes. But Humnbol dt

differs fromall these predecessors in that he grasps the
i dea that the basis of all such conputations should be
not theory, but fact. He drew his isothernmal |ines not
where sone occult cal culation would |ocate them on an

i deal gl obe, but where practical tests with the thernoneter
| ocate them on our globe as it is. London

for exanple, lies in the sane latitude as the southern
extremty of Hudson Bay; but the isotherm of London,

as Hunbol dt outlines it, passes through Ci ncinnati.

O course such deviations of climatic conditions between
pl aces in the sane | atitude had | ong been known.

As Humbol dt hi nsel f observes, the earliest settlers of
America were astonished to find thensel ves subj ected

to rigors of climate for which their European experience
had not at all prepared them Mbreover, sagacious
travellers, in particular Cook's conpanion on his second
voyage, young George Forster, had noted as a genera

principle that the western borders of continents in
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tenperate regions are al ways warmer than correspondi ng

| ati tudes of their eastern borders; and of course the
general truth of tenperatures being mlder in the vicinity
of the sea than in the interior of continents had

I ong been familiar. But Hunmbol dt's isothermal I|ines

for the first tine gave tangibility to these ideas, and
made practicable a truly scientific study of conparative

cli mat ol ogy.

In studying these lines, particularly as el aborated by
further observations, it becane clear that they are by
no nmeans haphazard in arrangenent, but are dependent

upon geographi cal conditions which in nbpst cases

are not difficult to determ ne. Humbol dt hinself

poi nted out very clearly the main causes that tend to
produce deviations fromthe average--or, as Dove

later on called it, the normal --tenperature of any given
| atitude. For exanple, the nmean annual tenperature

of a region (referring mainly to the northern hem sphere)
is raised by the proximty of a western coast;

by a divided configuration of the continent into peninsulas;
by the existence of open seas to the north or of

radi ati ng continental surfaces to the south; by mountain
ranges to shield fromcold w nds; by the infrequency

of swanps to becone congeal ed; by the absence

of woods in a dry, sandy soil; and by the serenity

of sky in the sumrer nonths and the vicinity of an

ocean current bringing water which is of a higher

tenperature than that of the surrounding sea
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Condi ti ons opposite to these tend, of course,
correspondingly to | ower the tenperature. In a word,
Hunbol dt says the climatic distribution of heat depends
on the relative distribution of |and and sea, and

on the "hypsonetrical configuration of the continents”;
and he urges that "great neteorol ogi cal phenonena
cannot be conprehended when consi dered i ndependently

of geognostic relations"--a truth which

i ke nost other general principles, seens sinple enough

once it is pointed out.

Wth that broad sweep of inmmgination which characterized
hi m Hunbol dt speaks of the atnosphere as the

"aerial ocean, in the |ower strata and on the shoals of
which we live," and he studies the atnospheric phenonena
always in relation to those of that other ocean

of water. In each of these oceans there are vast permanent
currents, flowing always in determ nate directions,

whi ch enornously nodify the climtic conditions

of every zone. The ocean of air is a vast nmmel strom
boiling up always under the influence of the sun's heat
at the equator, and flowi ng as an upper current towards
either pole, while an undercurrent fromthe poles,

whi ch beconmes the trade-wi nds, flows towards the

equator to supply its place

But the superheated equatorial air, becom ng chilled,
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descends to the surface in tenperate |atitudes, and continues
its poleward journey as the anti-trade-w nds.

The trade-w nds are defl ected towards the west, because

i n approaching the equator they constantly pass

over surfaces of the earth having a greater and greater
velocity of rotation, and so, as it were, tend to | ag behind--
an expl anati on whi ch Hadl ey pointed out in

1735, but which was not accepted until Dalton independently
worked it out and pronulgated it in 1793.

For the opposite reason, the anti-trades are defl ected
towards the east; hence it is that the western, borders

of continents in tenperate zones are bathed i n noist

sea- breezes, while their eastern borders |lack this cold-

di spel l'ing influence.

In the ocean of water the main currents run as nore

sharply circunscribed streans--veritable rivers in the

sea. O these the best known and nobst sharply circunscri bed
is the famliar Gulf Stream which has its

origin in an equatorial current, inpelled westward by
trade-wi nds, which is deflected northward in the main

at Cape St. Roque, entering the Caribbean Sea and Gul f

of Mexico, to enmerge finally through the Strait of

Florida, and journey off across the Atlantic to warm

the shores of Europe.

Such, at least, is the Gulf Stream as Hunbol dt under st ood
it. Since his tinme, however, ocean currents in

general, and this one in particular, have been the subject
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of no end of controversy, it being hotly disputed

whet her either causes or effects of the Gulf Stream are
just what Hunboldt, in conmon with others of his

time, conceived themto be. About the niddle of the
century Lieutenant M F. Maury, the distinguished
Amer i can hydrographer and neteorol ogi st, advocated

a theory of gravitation as the chief cause of the currents,
claimng that difference in density, due to difference
in tenperature and saltness, would sufficiently

account for the oceanic circulation. This theory

gai ned great popularity through the wide circulation

of Maury's Physical Geography of the Sea, which is said
to have passed through nmore editions than any other
scientific book of the period; but it was ably and

vi gorously conbated by Dr. Janes Croll, the Scottish
geologist, in his Climate and Tine, and latterly the old
theory that ocean currents are due to the trade-w nds
has again conme into favor. Indeed, very recently a

nodel has been constructed, with the aid of which it is
said to have been denonstrated that prevailing w nds

in the direction of the actual trade-w nds woul d produce

such a current as the Gulf Stream

Meantime, however, it is by no means sure that
gravitation does not enter into the case to the extent
of producing an insensible general oceanic circul ation,
i ndependent of the Gulf Stream and simlar marked

currents, and simlar in its larger outlines to the polar-
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equatorial circulation of the air. The idea of such
oceanic circulation was first suggested in detail by

Prof essor Lenz, of St. Petersburg, in 1845, but it

was not generally recognized until Dr. Carpenter

i ndependently hit upon the idea nore than twenty

years later. The plausibility of the conception is obvious;
yet the alleged fact of such circul ation has

been hotly disputed, and the question is still sub

j udi ce.

But whether or not such general circulation of ocean

wat er takes place, it is beyond dispute that the recognized
currents carry an enornous quantity of heat

fromthe tropics towards the poles. Dr. Croll, who has
perhaps given nore attention to the physics of the

subj ect than al nost any other person, computes that

the Gulf Stream conveys to the North Atlantic one-

fourth as nmuch heat as that body receives directly from
the sun, and he argues that were it not for the transportation
of heat by this and simlar Pacific currents,

only a narrow tropical region of the gl obe would be
war m enough for habitation by the existing faunas.

Dr. Croll argues that a slight change in the relative

val ues of northern and southern trade-wi nds (such as

he believes has taken place at various periods in the

past) would suffice to so alter the equatorial current

whi ch now feeds the Gulf Streamthat its main bul k

woul d be defl ected southward instead of northward,

by the angle of Cape St. Roque. Thus the Gulf Stream
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woul d be nipped in the bud, and, according to Dr

Croll's estimates, the results would be disastrous for the
northern hem sphere. The anti-trades, which now are

warmed by the Gulf Stream would then blow as cold

wi nds across the shores of western Europe, and in al
probability a glacial epoch would supervene throughout

the northern hem sphere.

The sane consequences, so far as Europe is concerned

at | east, would apparently ensue were the |sthnus

of Panama to settle into the sea, allow ng the

Cari bbean current to pass into the Pacific. But the
geologist tells us that this isthmus rose at a conparatively
recent geol ogical period, though it is hinted that

there had been sonme tinme previously a tenporary | and
connection between the two continents. Are we to

infer, then, that the two Americas in their unions and
di suni ons have juggled with the climte of the other
hem sphere? Apparently so, if the estimtes nade of

the influence of the Gulf Stream be tenable. It is a
far cry from Panama to Russia. Yet it seens within

the possibilities that the neteorol ogist nay | earn from
t he geol ogi st of Central America sonething that will
enable himto explain to the pal eontol ogi st of Europe
how it chanced that at one tinme the mamoth and

rhi noceros roamed across northern Siberia, while at

anot her time the reindeer and nusk-ox browsed al ong

the shores of the Mediterranean
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Possibilities, |I said, not probabilities. Yet even the
faint glimmer of so alluring a possibility brings hone to
one with vividness the truth of Hunbol dt's perspicuous
observation that meteorol ogy can be properly conprehended
only when studied in connection with the

conpani on sciences. There are no isol ated phenonena

in nature.

CYCLONES AND ANTI - CYCLONES

Yet, after all, it is not to be denied that the chief
concern of the meteorol ogi st nmust be with that other
medi um the "ocean of air, on the shoals of which we
live." For whatever may be acconplished by water
currents in the way of conveying heat, it is the w nd
currents that effect the final distribution of that heat.
As Dr. Croll has urged, the waters of the Gulf Stream
do not warm the shores of Europe by direct contact,

but by warming the anti-trade-wi nds, which subsequently
bl ow across the continent. And everywhere

the heat accumnul ated by water becones effectual in

nodi fying climte, not so nuch by direct radiation as

by diffusion through the nmediumof the air

This very obvious inportance of aerial currents |ed
to their practical study |ong before neteorol ogy had

any title to the rank of science, and Dalton's explanation
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of the trade-wi nds had laid the foundation for a

sci ence of wind dynami cs before the beginning of the
ni neteenth century. But no substantial further advance
in this direction was effected until about 1827,

when Heinrich W Dove, of Konigsberg, afterwards to

be known as perhaps the forenpst meteorol ogist of his
generation, included the w nds anpong the subjects of

his el aborate statistical studies in clinmatol ogy.

Dove cl assified the wi nds as permanent, periodical

and variable. H s great discovery was that all w nds,

of whatever character, and not nmerely the pernanent

wi nds, come under the influence of the earth's rotation
in such a way as to be deflected fromtheir course, and
hence to take on a gyratory notion--that, in short, al

| ocal winds are minor eddies in the great polar-equatoria
whirl, and tend to reproduce in mniature the character
of that vast mmelstrom For the first time, then
tenporary or variable winds were seen to lie within the

provi nce of | aw.

A generation |later, Professor WIlliamFerrel, the

Ameri can neteorol ogi st, who had been led to take up

the subject by a perusal of Maury's discourse on ocean
wi nds, fornmulated a general mathematical law, to the
effect that any body noving in a right |ine along the
surface of the earth in any direction tends to have its

course deflected, owing to the earth's rotation, to the
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right hand in the northern and to the left hand in

t he southern hem sphere. This | aw had i ndeed been

stated as early as 1835 by the French physicist Poisson,
but no one then thought of it as other than a mathematica
curiosity; its true significance was only understood
after Professor Ferrel had independently redi scovered

it (just as Dalton redi scovered Hadley's forgotten

| aw of the trade-winds) and applied it to the

motion of wind currents.

Then it becane clear that here is a key to the phenonena
of atnospheric circulation, fromthe great

pol ar-equatori al nmael strom which manifests itself in

the trade-winds to the nost circumscribed riffle which

is announced as a local storm And the nore the phenonena
were studied, the nore striking seenmed the

paral |l el between the greater nmel strom and these | esser
eddi es. Just as the entire atnospheric mass of each

hem sphere is seen, when viewed as a whole, to be carried
in a great whirl about the pole of that hem sphere,

so the | ocal disturbances within this great tide are
found always to take the formof whirls about a |oca
stormcentre--which stormcentre, nmeantine, is carried
along in the major current, as one often sees a

little whirlpool in the water swept along with the main
current of the stream Sonetines, indeed, the |oca

eddy, caught as it were in an ancillary current of the
great polar stream is deflected fromits normal course

and may seemto travel against the streant but such
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devi ations are departures fromthe rule. In the great
majority of cases, for exanple, in the north tenperate
zone, a stormcentre (with its attendant |ocal whirl)
travels to the northeast, along the main current of the
anti-trade-wind, of which it is a part; and though
exceptionally its course may be to the southeast instead,
it alnobst never departs so widely fromthe nmain channe
as to progress to the westward. Thus it is that

stornms sweeping over the United States can be announced,
as a rule, at the seaboard in advance of their

com ng by tel egraphic comunication fromthe interior
while sinmlar stornms cone to Europe off the

ocean unannounced. Hence the nore practical availability
of the forecasts of weather bureaus in the forner

country.

But these local whirls, it nmust be understood, are

local only in a very general sense of the word, inasmuch
as a single one may be nore than a thousand miles in

di aneter, and a small one is two or three hundred mles
across. But quite without regard to the size of the
whirl, the air conposing it conducts itself always in one
of two ways. It never whirls in concentric circles; it

al ways either rushes in towards the centre in a descending
spiral, in which case it is called a cyclone, or it
spreads out fromthe centre in a widening spiral, in
which case it is called an anti-cyclone. The word

cyclone is associated in popular phraseology with a
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terrific storm but it has no such restriction in technica
usage. A gentle zephyr flowi ng towards a "storm

centre" is just as much a cyclone to the neteorol ogi st

as is the whirl constituting a West-1ndian hurricane.
Indeed, it is not properly the wind itself that is called
the cyclone in either case, but the entire system of
whirls--including the stormcentre itself, where there

may be no wind at all

What, then, is this stormcentre? Merely an area

of | ow baronetric pressure--an area where the air has
become lighter than the air of surroundi ng regions.

Under influence of gravitation the air seeks its | eve

just as water does; so the heavy air cones flowing in
fromall sides towards the | ow pressure area, which thus
becones a "stormcentre."” But the inrushing currents

never come straight to their mark. In accordance with
Ferrel's law, they are deflected to the right, and the
result, as will readily be seen, must be a vortex current,
which whirls always in one direction--nanmely, from

left to right, or in the direction opposite to that of the
hands of a watch held with its face upward. The

velocity of the cyclonic currents will depend |argely

upon the difference in baronetric pressure between the
stormcentre and the confines of the cyclone system

And the velocity of the currents will determne to sone
extent the degree of deflection, and hence the exact

path of the descending spiral in which the wi nd approaches

the centre. But in every case and in every
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part of the cyclone systemit is true, as Buys Ballot's
fanmous rule first pointed out, that a person standing
with his back to the wind has the stormcentre at his

| eft.

The primary cause of the |ow baronetric pressure

whi ch nmarks the stormcentre and establishes the cycl one
i s expansion of the air through excess of tenperature.
The heated air, rising into cold upper regions,

has a portion of its vapor condensed into clouds,

and now a new dynam c factor is added, for each particle
of vapor, in condensing, gives up its nodi cum of

| atent heat. Each pound of vapor thus |iberates, according
to Professor Tyndall's estimate, enough heat

to nelt five pounds of cast iron; so the anmount given

out where |large masses of cloud are form ng nmust enornously
add to the convection currents of the air, and

hence to the stormdevel opi ng power of the forning

cycl one. Indeed, one school of neteorol ogists, of
whom Pr of essor Espy was the | eader, has held that,

wi t hout such added increnent of energy constantly
augnenting the dynamic effects, no stormcould | ong
continue in violent action. And it is doubted whether

any stormcould ever attain, nmuch | ess continue, the
terrific force of that nost dreaded of w nds of tenperate
zones, the tornado--a storm which obeys all the |aws

of cyclones, but differs fromordinary cyclones in having

a vortex core only a few feet or yards in dianeter--
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wi t hout the aid of those great masses of condensing
vapor which al ways acconpany it in the formof storm

cl ouds.

The anti-cyclone sinply reverses the conditions of

the cyclone. Its centre is an area of high pressure,

and the air rushes out fromit in all directions towards
surroundi ng regions of |ow pressure. As before, al

parts of the current will be deflected towards the right,
and the result, clearly, is a whirl opposite in direction
to that of the cyclone. But here there is a tendency

to dissipation rather than to concentration of energy,
hence, considered as a stormgenerator, the anti-

cyclone is of relative insignificance.

In particular the professional neteorol ogi st who
conducts a "weat her bureau"--as, for exanple, the

chief of the United States signal-service station in
New York--is so preoccupied with the observation of
thi s phenomenon that cycl one-hunting m ght be said

to be his chief pursuit. It is for this purpose, in the
mai n, that governnent weat her bureaus or signal -
servi ce departnents have been established all over the
worl d. Their chief work is to follow up cyclones, with
the aid of tel egraphic reports, nmapping their course
and recording the attendant neteorol ogical conditions.
Their so-called predictions or forecasts are essentially
predi cations, gaining locally the effect of predictions

because the tel egraph outstrips the w nd.
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At only one place on the globe has it been possible

as yet for the nmeteorologist to make |long-tine

forecasts neriting the title of predictions. This is in the
m ddl e Ganges Valley of northern India. In this country

the climatic conditions are | argely dependent upon

the periodical w nds called nonsoons, which bl ow

steadily landward from April to October, and seaward

from October to April. The sumrer nonsoons bring

the all-essential rains; if they are delayed or restricted
in extent, there will be drought and consequent fam ne

And such restriction of the nonsoon is likely to result
when there has been an unusually deep or very late

snowfal |l on the Hinal ayas, because of the | owering of
spring temperature by the nmelting snow. Thus here

it is possible, by observing the snowfall in the nountains,
to predict with sone neasure of success the average
rainfall of the follow ng sumrer. The drought of

1896, with the consequent fam ne and pl ague that devastated
India the following winter, was thus predicted

some nonths in advance.

This is the greatest present triunph of practical meteorol ogy.
Nothing like it is yet possible anywhere in

tenperate zones. But no one can say what nay not

be possible in tines to cone, when the data now bei ng
gathered all over the world shall at |ast be co-ordinated,

classified, and made the basis of broad inductions.
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Met eorol ogy is pre-emnently a science of the future.

\l

MODERN THEORI ES OF HEAT AND LI GHT

THE ei ghteent h-century phil osopher nade great

strides in his studies of the physical properties of
matter and the application of these properties in
nmechani cs, as the steamengi ne, the balloon, the optic

tel egraph, the spinning-jenny, the cotton-gin, the
chrononeter, the perfected conpass, the Leyden jar

the lightning-rod, and a host of mnor inventions testify.
In a specul ative way he had thought out nore or

| ess tenabl e conceptions as to the ultimte nature of
matter, as witness the theories of Leibnitz and Boscovich
and Davy, to which we may recur. But he had

not as yet conceived the notion of a distinction between
matter and energy, which is so fundanental to the

physics of a |ater epoch. He did not speak of heat,

light, electricity, as forns of energy or "force"; he conceived
them as subtile forms of matter--as highly attenuated

yet tangi ble fluids, subject to gravitation and

chemical attraction; though he had | earned to neasure
none of them but heat with accuracy, and this one he
could test only within narrow linmits until late in the

century, when Josi ah Wedgwood, the fanmous potter
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taught himto gauge the highest tenmperatures with the

clay pyroneter.

He spoke of the matter of heat as being the npbst universally
distributed fluid in nature; as entering in sone

degree into the conposition of nearly all other substances;
as being sonetinmes liquid, sonetimes condensed

or solid, and as having weight that could be detected

with the bal ance. Followi ng Newt on, he spoke

of light as a "corpuscul ar emanation" or fluid, composed

of shining particles which possibly are transnutabl e

into particles of heat, and which enter into cheni cal
conmbination with the particles of other forns of

matter. Electricity he considered a still nore subtile

ki nd of matter-perhaps an attenuated form of

light. Magnetism "vital fluid," and by sone even

a "gravic fluid," and a fluid of sound were pl aced

in the sane scal e; and, taken together, all these supposed

subtile fornms of matter were classed as "inponderables.”

This view of the nature of the "inponderabl es" was

in some nmeasure a retrogression, for many seventeenth-
century phil osophers, notably Hooke and Huygens and
Boyl e, had held nore correct views; but the materialistic
conception accorded so well with the ei ghteenth-

century tendenci es of thought that only here and there

a phil osopher like Euler called it in question, until wel

on towards the close of the century. Current speech
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referred to the materiality of the "inponderables
unquestioningly. Students of neteorol ogy--a science
that was just dawni ng--expl ai ned atnospheric phenonena
on the supposition that heat, the heaviest

i mponder abl e, predonminated in the | ower atnosphere,

and that light, electricity, and magnetism prevailed in
successi vely higher strata. And Lavoi sier, the npst

phi | osophi cal chenist of the century, retained heat and
light on a par with oxygen, hydrogen, iron, and the

rest, in his |list of elenmentary substances.

COUNT RUMFORD AND THE VI BRATORY THEORY OF HEAT

But just at the close of the century the confidence in

the status of the inponderables was rudely shaken in

the m nds of phil osophers by the revival of the old idea
of Fra Paol o and Bacon and Boyl e, that heat, at any

rate, is not a material fluid, but nmerely a node of nption
or vibration anong the particles of "ponderable”

matter. The new chanpion of the old doctrine as to

the nature of heat was a very distingui shed phil osopher
and diplomatist of the tinme, who, it may be worth recalling,
was an Anerican. He was a sadly expatriated

Anmerican, it is true, as his nane, given all the officia
appendages, will anply testify; but he had been born

and reared in a Massachusetts village none the |ess, and
he seems al ways to have retained a kindly interest in

the Iand of his nativity, even though he |ived abroad in
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the service of other powers during all the later years of
his life, and was kni ghted by Engl and, ennobl ed by
Bavari a, and honored by the npst distinguished scientific
bodi es of Europe. The Anerican, then, who

chanpi oned the vibratory theory of heat, in opposition

to all current opinion, in this closing era of the eighteenth

century, was Lieutenant-General Sir Benjamn

Thonmpson, Count Runford, F.R S

Runford showed that heat may be produced in indefinite
quantities by friction of bodies that do not

t hensel ves | ose any appreciable matter in the process,
and clainmed that this proves the inmateriality of heat.
Later on he added force to the argument by proving,

in refutation of the experinments of Bowditch, that no
body either gains or |oses weight in virtue of being
heat ed or cool ed. He thought he had proved that heat

is only a formof notion

H s experinment for producing indefinite quantities

of heat by friction is recorded by himin his paper entitled,

"I'nquiry Concerning the Source of Heat Excited

by Friction."

"Bei ng engaged, lately, in superintending the boring
of cannon in the workshops of the mlitary arsena
at Munich," he says, "I was struck with the very

consi derabl e degree of heat which a brass gun acquires
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in a short tine in being bored; and with the still nore
i ntense heat (nuch greater than that of boiling water
as | found by experinent) of the nmetallic chips separated

fromit by the borer

"Taki ng a cannon (a brass six-pounder), cast solid,

and rough, as it canme fromthe foundry, and fixing it
horizontally in a machine used for boring, and at the
same time finishing the outside of the cannon by turning,
| caused its extremty to be cut off; and by turning
down the netal in that part, a solid cylinder was

formed, 7 3/4 inches in dianeter and 9 8/ 10 inches |ong;
whi ch, when finished, renmained joined to the rest of the
metal (that which, properly speaking, constituted the
cannon) by a small cylindrical neck, only 2 1/5 inches

in diameter and 3 8/ 10 inches | ong.

"This short cylinder, which was supported in its
hori zontal position, and turned round its axis by
means of the neck by which it remained united to the
cannon, was now bored with the horizontal borer used

i n boring cannon.

"This cylinder being designed for the express purpose

of generating heat by friction, by having a blunt

borer forced against its solid bottomat the sanme tine
that it should be turned round its axis by the force of
horses, in order that the heat accumulated in the cylinder

mght fromtine to tine be nmeasured, a small,
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round hole 0.37 of an inch only in dianeter and 4.2

i nches in depth, for the purpose of introducing a snal
cylindrical mercurial thernoneter, was made in it, on

one side, in a direction perpendicular to the axis of the
cylinder, and ending in the niddle of the solid part of

the nmetal which forned the bottom of the bore.

"At the beginning of the experinent, the tenperature

of the air in the shade, as also in the cylinder, was

just sixty degrees Fahrenheit. At the end of thirty

m nutes, when the cylinder had made 960 revol utions

about its axis, the horses being stopped, a cylindrica
mercury thernoneter, whose bulb was 32/100 of an inch

in diameter and 3 1/4 inches in |length, was introduced

into the hole made to receive it in the side of the cylinder
when the nmercury rose alnost instantly to one

hundred and thirty degrees.

"I'n order, by one decisive experinment, to determ ne

whet her the air of the atnosphere had any part or not

in the generation of the heat, | contrived to repeat the
experiment under circunstances in which it was evidently

i npossible for it to produce any effect whatever.

By nmeans of a piston exactly fitted to the nmouth of the

bore of the cylinder, through the mddle of which piston

the square iron bar, to the end of which the bl unt

steel borer was fixed, passed in a square hole nmade perfectly

air-tight, the excess of the external air, to the
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i nside of the bore of the cylinder, was effectually prevented.
| did not find, however, by this experinent
that the exclusion of the air dimnished in the small est

degree the quantity of heat excited by the friction

"There still remained one doubt, which, though it

appeared to me to be so slight as hardly to deserve any
attention, | was, however, desirous to renpve. The

pi ston which choked the mouth of the bore of the cylinder
in order that it might be air-tight, was fitted into

it with so much nicety, by nmeans of its collars of |eather
and pressed against it with so much force, that,

notwi thstanding its being oiled, it occasioned a considerable
degree of friction when the hollow cylinder was

turned round its axis. WAs not the heat produced, or

at | east sone part of it, occasioned by this friction of
the piston? and, as the external air had free access to
the extremity of the bore, where it canme into contact

with the piston, is it not possible that this air nay have

had some share in the generation of the heat produced?

"A quadrangul ar obl ong deal box, water-tight, being
provided with holes or slits in the mddle of each of its
ends, just large enough to receive, the one the square
iron rod to the end of which the blunt steel borer was
fastened, the other the small cylindrical neck which
joined the hollow cylinder to the cannon; when this

box (which was occasionally closed above by a wooden

cover or lid nmoving on hinges) was put into its place--
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that is to say, when, by neans of the two vertical opening
or slits inits tw ends, the box was fixed to the

machi nery in such a manner that its bottombeing in

the plane of the horizon, its axis coincided with the
axis of the hollow nmetallic cylinder, it is evident,
fromthe description, that the hollow netallic cylinder
woul d occupy the m ddle of the box, w thout touching

it on either side; and that, on pouring water into the
box and filling it to the brim the cylinder would be
conpl etely covered and surrounded on every side by

that fluid. And, further, as the box was held fast by
the strong, square iron rod which passed in a square
hole in the centre of one of its ends, while the round or
cylindrical neck which joined the hollow cylinder to

the end of the cannon could turn round freely on its

axis in the round hole in the centre of the other end of
it, it is evident that the machinery could be put in
notion without the | east danger of forcing the box out

of its place, throwing the water out of it, or deranging

any part of the apparatus.”

Everything being thus ready, the box was filled with
cold water, having been nade water-tight by means of
| eat her collars, and the machinery put in notion.

"The result of this beautiful experinment," says Runford,
"was very striking, and the pleasure it afforded
me anply repaid nme for all the trouble | had had in

contriving and arrangi ng the conplicated machinery
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used in making it. The cylinder, revolving at the rate
of thirty-two tinmes in a mnute, had been in notion
but a short tinme when | perceived, by putting ny

hand into the water and touching the outside of the
cylinder, that heat was generated, and it was not |ong
before the water which surrounded the cylinder began

to be sensibly warm

"At the end of one hour | found, by plunging a thernoneter
into the box, . . . that its tenperature had
been raised no | ess than forty-seven degrees Fahrenheit,
bei ng now one hundred and seven degrees Fahrenheit.
One hour and thirty m nutes after the nmachinery
had been put in notion the heat of the water in the
box was one hundred and forty-two degrees. At the
end of two hours ... it was raised to one hundred
and seventy-ei ght degrees; and at two hours and

thirty minutes it ACTUALLY BO LED

"I't would be difficult to describe the surprise and

astoni shnment expressed in the countenances of the bystanders
on seeing so large a quantity of cold water

heated, and actually nade to boil, wi thout any fire.

Though there was, in fact, nothing that could justly be
considered as a surprise in this event, yet | acknow edge
fairly that it afforded nme a degree of childish

pl easure which, were | anbitious of the reputation of

a GRAVE PHI LOSOPHER, | ought nost certainly rather to

hi de than to discover....'

Get any book for free on: www.Abika.com

258



History of Science 259

Havi ng thus dwelt in detail on these experinents,

Runford conmes now to the all-inportant discussion as

to the significance of them-the subject that had been
the source of so rmuch specul ati on anong the phil osophers--
the question as to what heat really is, and if

there really is any such thing (as nany believed) as an

i gneous fluid, or a sonmething called caloric.

"From whence cane this heat which was continually

given off in this manner, in the foregoing experinents?"
asks Runford. "Was it furnished by the small particles
of netal detached fromthe larger solid masses

on their being rubbed together? This, as we have already

seen, could not possibly have been the case.

"Was it furnished by the air? This could not have
been the case; for, in three of the experinents, the machinery
bei ng kept imersed in water, the access

of the air of the atnosphere was conpletely prevented.

"Was it furnished by the water which surrounded

the machi nery? That this could not have been the

case is evident: first, because this water was continually
RECEI VI NG heat from the machinery, and could not, at

the sane time, be G VING TO and RECEI VI NG HEAT FROM t he
same body; and, secondly, because there was no chem ca

deconposition of any part of this water. Had any

Get any book for free on: www.Abika.com



History of Science 260

such deconposition taken place (which, indeed, could

not reasonably have been expected), one of its conponent
elastic fluids (nost probably hydrogen) nust, at

the sane tinme, have been set at liberty, and, in meking
its escape into the atnosphere, would have been detect ed;
but, though | frequently exam ned the water

to see if any air-bubbles rose up through it, and had
even nmade preparations for catching themif they

shoul d appear, | could perceive none; nor was there

any sign of deconposition of any kind whatever, or

ot her chem cal process, going on in the water

"Is it possible that the heat could have been supplied
by means of the iron bar to the end of which the

bl unt steel borer was fixed? O by the small neck of
gun-netal by which the hollow cylinder was united to
the cannon? These suppositions seem nore inprobable
even than either of the before-nentioned; for heat

was continually going off, or OUI OF THE MACHI NERY, by
both these passages during the whole tinme the experiment

| ast ed.

"And in reasoning on this subject we nmust not forget
to consider that nost remarkable circunstance
that the source of the heat generated by friction in

these experinents appeared evidently to be | NEXHAUSTI BLE

"It is hardly necessary to add that anything which

any | NSULATED body, or system of bodies, can continue
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to furnish WTHOUT LI M TATI ON cannot possibly be a MATERI AL
substance; and it appears to ne to be extrenely

difficult, if not quite inpossible, to form any distinct

i dea of anything capable of being excited and conmmuni cat ed,
in the manner the heat was excited and conmuni cated

in these experinents, except in MOTION. "[1]

THOVAS YOUNG AND THE WAVE THEORY OF LI GHT

But contenporary judgnment, while it listened respectfully
to Runford, was little mnded to accept his
verdict. The cherished beliefs of a generation are not

to be put down with a single blow Were many m nds

have a simlar drift, however, the first blow nmay precipitate

a general conflict; and so it was here. Young
Hunphry Davy had duplicated Runford's experinents,
and reached similar conclusions; and soon others

fell into line. Then, in 1800, Dr. Thomas Young--
"Phenomenon Young" they called himat Canbridge,
because he was reputed to know everything--took up
the cudgels for the vibratory theory of light, and it

began to be clear that the two "inponderabl es," heat
and |ight, nust stand or fall together; but no one as

yet nmade a claimagainst the fluidity of electricity.

Before we take up the details of the assault nade by

Young upon the old doctrine of the materiality of I|ight,
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we nust pause to consider the personality of Young

hi msel f. For it chanced that this Quaker physician

was one of those prodigies who come but fewtines in

a century, and the full list of whomin the records of

hi story could be told on one's thunbs and fingers. His

bi ographers tell us things about himthat read like the
nost patent fairy-tales. As a nmere infant in arnms he

had been able to read fluently. Before his fourth

bi rthday cane he had read the Bible tw ce through, as
well as Watts's Hymms--poor child!--and when seven

or eight he had shown a propensity to absorb | anguages
much as other children absorb nursery tattle and Mt her
Goose rhynes. \When he was fourteen, a young | ady

visiting the household of his tutor patronized the pretty
boy by asking to see a specinmen of his penmanship

The pretty boy conplied readily enough, and nmildly rebuked
his interrogator by rapidly witing sone sentences

for her in fourteen | anguages, including such as,

Ar abi an, Persian, and Ethiopic.

Meanti me | anguages had been but an incident in the
education of the lad. He seens to have entered every
avail able field of thought--nmathematics, physics, botany,
literature, music, painting, |anguages, philosophy,

ar chaeol ogy, and so on to tiresone | engths--and once

he had entered any field he seldomturned aside until he
had reached the confines of the subject as then known
and added sonething new fromthe recesses of his own

genius. He was as versatile as Priestley, as profound
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as Newton hinmself. He had the range of a nere dilettante,
but everywhere the full grasp of the naster. He

took early for his nmotto the saying that what one man
has done, another man may do. Granting that the

other man has the brain of a Thonmas Young, it is a

true notto.

Such, then, was the young Quaker who canme to

London to follow out the humdrumlife of a practitioner of
medi cine in the year 1801. But incidentally the young
physi ci an was prevail ed upon to occupy the interins

of early practice by fulfilling the duties of the chair of
Nat ural Phil osophy at the Royal Institution, which

Count Runford had founded, and of which Davy was

then Professor of Chemi stry--the institution whose

gl ori es have been perpetuated by such names as Faraday
and Tyndall, and which the Briton of to-day

speaks of as the "Pantheon of Science." Here it was

that Thomas Young nade those studies which have

insured hima niche in the tenple of fame not far renoved

fromthat of |saac Newt on.

As early as 1793, when he was only twenty, Young

had begun to Conmuni cate papers to the Royal Society

of London, which were adjudged worthy to be printed

in full in the Philosophical Transactions; so it is not
strange that he should have been asked to deliver the

Bakerian | ecture before that |earned body the very first
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year after he came to London. The lecture was delivered
November 12, 1801. Its subject was "The

Theory of Light and Colors,"” and its readi ng marks

an epoch in physical science; for here was brought forward
for the first tinme convincing proof of that undul atory
theory of light with which every student of

nodern physics is famliar--the theory which holds

that light is not a corporeal entity, but a nere pulsation
in the substance of an all-pervading ether, just as

sound is a pulsation in the air, or in liquids or solids.

Young had, indeed, advocated this theory at an

earlier date, but it was not until 1801 that he hit upon
the idea which enabled himto bring it to anything
approaching a denonstration. It was while pondering

over the fam liar but puzzling phenonena of col ored
rings into which white light is broken when reflected
fromthin filnms--Newton's rings, so called--that an

expl anati on occurred to himwhich at once put the entire
undul atory theory on a new footing. Wth that sagacity
of insight which we call genius, he saw of a sudden

that the phenonena coul d be expl ai ned by supposi ng

that when rays of light fall on a thin glass, part of the
rays being reflected fromthe upper surface, other rays,
reflected fromthe | ower surface, m ght be so retarded
in their course through the glass that the two sets
woul d interfere with one another, the forward pul sation
of one ray corresponding to the backward pul sation

of another, thus quite neutralizing the effect.
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Sone of the conponent pul sations of the |ight being
thus effaced by nmutual interference, the remaining
rays would no longer give the optical effect of white

light; hence the puzzling colors.

Here is Young's exposition of the subject:

O the Colors of Thin Plates

"When a beam of light falls upon two refracting

surfaces, the partial reflections coincide perfectly in
direction; and in this case the interval of retardation
t aken between the surfaces is to their radius as twice

the cosine of the angle of refraction to the radius.

"Let the nmedium between the surfaces be rarer than

the surroundi ng nediuns; then the inpulse reflected

at the second surface, neeting a subsequent undul ation
at the first, will render the particles of the rarer

medi um capabl e of wholly stopping the notion of the

denser and destroying the reflection, while they thensel ves

will be nore strongly propelled than if they had
been at rest, and the transnmtted light will be increased.
So that the colors by reflection will be destroyed, and

those by transm ssion rendered nore vivid, when the
doubl e thickness or intervals of retardation are any
mul ti pl es of the whole breadth of the undul ati ons; and

at internediate thicknesses the effects will be reversed

Get any book for free on: www.Abika.com

265



History of Science 266

according to the Newtoni an observation

"If the same proportions be found to hold good with
respect to thin plates of a denser nedium which is,

i ndeed, not inprobable, it will be necessary to adopt

t he connected denonstrations of Prop. I1V., but, at any
rate, if a thin plate be interposed between a rarer and

a denser nedium the colors by reflection and transni ssion

may be expected to change pl aces.

O the Col ors of Thick Pl ates

"When a beam of |ight passes through a refracting
surface, especially if inperfectly polished, a portion of
it isirregularly scattered, and nmakes the surface visible
in all directions, but npbst conspicuously in directions
not far distant fromthat of the light itself; and if

a reflecting surface be placed parallel to the refracting
surface, this scattered light, as well as the principa
beam w Il be reflected, and there will be also a new

di ssipation of light, at the return of the beam through
the refracting surface. These two portions of scattered
light will coincide in direction; and if the surfaces

be of such a formas to collect the simlar effects, wll
exhibit rings of colors. The interval of retardation is
here the difference between the paths of the principa
beam and of the scattered |light between the two surfaces;

of course, wherever the inclination of the scattered
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light is equal to that of the beam although in

different planes, the interval will vanish and all the
undul ations will conspire. At other inclinations, the
interval will be the difference of the secants fromthe

secant of the inclination, or angle of refraction of the
princi pal beam Fromthese causes, all the colors of

concave mrrors observed by Newton and others are

necessary consequences; and it appears that their production
t hough sonmewhat sinilar, is by no neans as

Newt on i magi ned, identical with the production of

thin plates."[2]

By following up this clew with mathematical precision,
measuring the exact thickness of the plate and

the space between the different rings of color, Young

was able to show mat hematically what nust be the

l ength of pulsation for each of the different colors of the
spectrum He estimated that the undul ati ons of red

light, at the extrene | ower end of the visible spectrum
nmust nunber about thirty-seven thousand six hundred

and forty to the inch, and pass any given spot at a rate
of four hundred and sixty-three nmillions of mllions of
undul ations in a second, while the extreme viol et nunbers
fifty-nine thousand seven hundred and fifty undul ati ons
to the inch, or seven hundred and thirty-five

mllions of mllions to the second.
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The Col ors of Striated Surfaces

Young simlarly exam ned the colors that are produced

by scratches on a snooth surface, in particular

testing the light from"M. Coventry's exquisite mcroneters,"”
whi ch consist of |lines scratched on glass at

measured intervals. These m croscopic tests brought

the sane results as the other experinments. The col ors

were produced at certain definite and nmeasurabl e

angl es, and the theory of interference of undul ations
expl ai ned them perfectly, while, as Young affirned

wi th confidence, no other hypothesis hitherto advanced

woul d explain themat all. Here are his

wor ds:

"Let there be in a given plane two reflecting points

very near each other, and let the plane be so situated

that the reflected i nage of a |umi nous object seen in it

may appear to coincide with the points; then it is obvious
that the length of the incident and reflected ray,

taken together, is equal with respect to both points,
considering them as capable of reflecting in all directions.
Let one of the points be now depressed bel ow

the given plane; then the whole path of the Iight reflected
fromit will be lengthened by a line which is to

the depression of the point as twice the cosine of incidence

to the radius.
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"If, therefore, equal undul ations of given dinensions

be reflected fromtwo points, situated near enough to
appear to the eye but as one, whenever this line is equa
to half the breadth of a whole undulation the reflection
fromthe depressed point will so interfere with the reflection
fromthe fixed point that the progressive notion

of the one will coincide with the retrograde notion

of the other, and they will both be destroyed; but

when this line is equal to the whole breadth of an

undul ation, the effect will be doubled, and when to a
breadth and a hal f, again destroyed; and thus for a

consi derabl e nunber of alternations, and if the reflected
undul ations be of a different kind, they will be
variously affected, according to their proportions to

the various length of the line which is the difference
between the |l engths of their two paths, and which may

be denoni nated the interval of a retardation

"In order that the effect nay be the nore perceptible,

a nunber of pairs of points must be united into

two parallel lines; and if several such pairs of |lines be
pl aced near each other, they will facilitate the
observation. |If one of the lines be nade to revol ve

round the other as an axis, the depression below the
given plane will be as the sine of the inclination; and
while the eye and the | um nous object remain fixed

the difference of the Iength of the paths will vary as

this sine.
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"The best subjects for the experinment are M. Coventry's
exqui site mcronmeters; such of them as consi st

of parallel lines drawn on glass, at a distance of one-
five-hundredth of an inch, are the npbst convenient.

Each of these |lines appears under a m croscope to consi st
of two or nore finer lines, exactly parallel, and at a

di stance of somewhat nore than a twentieth nore than

the adjacent lines. | placed one of these so as to reflect
the sun's light at an angle of forty-five degrees,

and fixed it in such a manner that while it revol ved
round one of the lines as an axis, | could nmeasure its
angul ar motion; | found that the | ongest red col or
occurred at the inclination 10 1/4 degrees, 20 3/4 degrees,
degrees, and 45 degrees; of

which the sines are as the nunbers 1, 2, 3, and 4. At

all other angles also, when the sun's |ight was reflected
fromthe surface, the color vanished with the inclination

and was equal at equal inclinations on either side.

This experinent affords a very strong confirmation

of the theory. It is inpossible to deduce any explanation
of it fromany hypothesis hitherto advanced;

and | believe it would be difficult to invent any other
that woul d account for it. There is a striking anal ogy
between this separation of colors and the production

of a nusical note by successive echoes from equi di st ant
iron palisades, which | have found to correspond pretty

accurately with the known velocity of sound and the
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di stances of the surfaces.

"It is not inprobable that the colors of the integunents
of some insects, and of some other natural bodies,
exhibiting in different lights the nost beautiful
versatility, may be found to be of this description, and
not to be derived fromthin plates. In sone cases a
single scratch or furrow may produce sinmlar effects,

by the reflection of its opposite edges."[ 3]

This doctrine of interference of undul ati ons was the

absol utely novel part of Young's theory. The all-
conpassi ng geni us of Robert Hooke had, indeed, very

nearly apprehended it nore than a century before, as

Young hinsel f points out, but no one else bad so much

as vaguely conceived it; and even with the sagaci ous

Hooke it was only a happy guess, never distinctly outlined
in his owmm mnd, and utterly ignored by all others.

Young did not know of Hooke's guess until he hinself

had fully fornulated the theory, but he hastened then

to give his predecessor all the credit that could possibly
be adj udged his due by the nmpst disinterested observer.

To Hooke's contenporary, Huygens, who was the

originator of the general doctrine of undulation as the
expl anation of light, Young renders full justice also.

For hinmself he clains only the nmerit of having denonstrated

the theory which these and a few others of his
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predecessors had advocated wi thout full proof.

The foll owing year Dr. Young detail ed before the

Royal Society other experinments, which threw additiona
light on the doctrine of interference; and in 1803

he cited still others, which, he affirned, brought the
doctrine to conplete denonstration. In applying this
denonstration to the general theory of |ight, he nade

the striking suggestion that "the |umniferous ether
pervades the substance of all material bodies with little
or no resistance, as freely, perhaps, as the w nd passes

through a grove of trees." He asserted his belief also
that the chemical rays which Ritter had discovered

beyond the violet end of the visible spectrumare but
still nore rapid undul ati ons of the same character as

t hose which produce light. In his earlier |lecture he

had affirned a |ike affinity between the light rays and
the rays of radiant heat which Herschel detected bel ow
the red end of the spectrum suggesting that "light
differs fromheat only in the frequency of its undul ations
or vibrations--those undul ati ons which are

within certain limts with respect to frequency affecting
the optic nerve and constituting |ight, and those

whi ch are slower and probably stronger constituting

heat only." Fromthe very outset he had recogni zed

the affinity between sound and |ight; indeed, it had

been this affinity that led himon to an appreciation

of the undul atory theory of Iight.

Get any book for free on: www.Abika.com

272



History of Science

But while all these affinities seened so clear to the

great co-ordinating brain of Young, they made no such

i mpression on the mnds of his contenporaries. The
immateriality of |ight had been substantially denonstrated,
but practically no one save its author accepted

the denonstration. Newton's doctrine of the em ssion

of corpuscles was too firmy rooted to be readily dislodged,
and Dr. Young had too many other interests to

continue the assault unceasingly. He occasionally

wrote sonething touching on his theory, nostly papers
contributed to the Quarterly Review and sim | ar periodicals,
anonynously or under pseudonym for he had

conceived the notion that too great conspi cuousness in
fields outside of nedicine would injure his practice as a
physician. His views regarding light (including the

ori ginal papers fromthe Philosophical Transactions of

the Royal Society) were again given publicity in full in

his cel ebrated vol une on natural philosophy, consisting

in part of his lectures before the Royal Institution, published

in 1807; but even then they failed to bring conviction
to the philosophic world. |Indeed, they did not
even arouse a controversial spirit, as his first papers

had done.

ARAGO AND FRESNEL CHAMPI ON THE WAVE THEORY

So it chanced that when, in 1815, a young French
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mlitary engi neer, naned Augustin Jean Fresnel, returning
from the Napol eonic wars, becane interested

in the phenonena of light, and nade sone experinents
concerning diffraction which seened to himto controvert
the accepted notions of the materiality of Iight,

he was quite unaware that his experinments had been
antici pated by a phil osopher across the Channel. He
communi cated his experinments and results to the

French Institute, supposing themto be absolutely

novel . That body referred themto a conmittee, of

whi ch, as good fortune would have it, the dom nating
menber was Dom ni que Francois Arago, a nman as versatile
as Young hinself, and hardly |ess profound, if

perhaps not quite so original. Arago at once recogni zed
the nerit of Fresnel's work, and soon becane a

convert to the theory. He told Fresnel that Young

had antici pated himas regards the general theory, but
that nmuch remnined to be done, and he offered to associate
himself with Fresnel in prosecuting the investigation
Fresnel was not a little dashed to | earn that

his original ideas had been worked out by another

while he was a | ad, but he bowed gracefully to the

situation and went ahead wi th unabated zeal

The chanpi onship of Arago insured the undul atory

theory a hearing before the French Institute, but by no
means sufficed to bring about its general acceptance.
On the contrary, a bitter feud ensued, in which Arago

was opposed by the "Jupiter O ynpus of the Acadeny,"”
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Lapl ace, by the only | ess fanmpus Poi sson, and by

t he younger but hardly | ess able Biot. So bitterly

raged the feud that a life-long friendship between

Arago and Biot was ruptured forever. The opposition
managed to delay the publication of Fresnel's papers,

but Arago continued to fight with his customary enthusi asm
and pertinacity, and at last, in 1823, the

Acadeny yielded, and voted Fresnel into its ranks,

thus inplicitly adnmitting the value of his work.

It is a humliating thought that such controversies as

this nmust mar the progress of scientific truth; but fortunately
the story of the introduction of the undul atory

theory has a nore pleasant side. Three nen, great both

in character and in intellect, were concerned in pressing
its clains--Young, Fresnel, and Arago--and the relations

of these nen forma picture unnmarred by any

of those petty jealousies that so often dimthe lustre

of great nanmes. Fresnel freely acknow edged Young's
priority so soon as his attention was called to it; and
Young appl auded the work of the Frenchman, and

aided with his counsel in the application of the undul atory
theory to the problens of polarization of light,

which still demanded expl anation, and which Fresnel's
fertility of experinental resource and profundity

of mat hematical insight sufficed in the end to

conquer.
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After Fresnel's admission to the Institute in 1823

t he opposition weakened, and gradually the phil osophers
cane to realize the nerits of a theory which

Young had vainly called to their attention a full quarter-
century before. Now, thanks largely to Arago, both

Young and Fresnel received their full need of appreciation
Fresnel was given the Runford medal of the

Royal Society of England in 1825, and chosen one of

the foreign nenbers of the society two years later,

while Young in turn was el ected one of the eight foreign
menbers of the French Academy. As a fitting cul mi nation

of the chapter of felicities between the three

friends, it fell to the Iot of Young, as Foreign Secretary
of the Royal Society, to notify Fresnel of the honors
shown him by England's representative body of scientists;
whi | e Arago, as Perpetual Secretary of the French
Institute, conveyed to Young in the same year the notification
that he had been simlarly honored by the

savants of France.

A few nonths | ater Fresnel was dead, and Young

survived himonly two years. Both died prematurely,

but their great work was done, and the world will renmenber
al ways and link together these two nanmes in

connection with a theory which in its inplications and

i mportance ranks little below the theory of universa

gravitation.
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VII. THE MODERN DEVELOPMENT OF ELECTRICI TY AND MAGNETI SM

GALVANI AND VOLTA

The full inportance of Young's studies of |ight

m ght perhaps have gained earlier recognition

had it not chanced that, at the tine when they were

made, the attention of the philosophic world was turned

with the fixity and fascination of a hypnotic stare

upon another field, which for a tinme brooked no rival.

How could the old, fam liar phenonenon, |ight, interest

any one when the new agent, galvanism was in view?

As well ask one to fix attention on a star while a nmeteorite

bl azes across the sky.

Gal vanism was so called precisely as the Roentgen

ray was christened at a |later day--as a safe nmeans of

beggi ng the question as to the nature of the phenonmena

i nvol ved. The initial fact in galvanismwas the discovery

of Luigi Galvani (1737-1798), a physician of

Bol ogna, in 1791, that by bringing nmetals in contact

with the nerves of a frog's leg violent nuscul ar contractions
are produced. As this sinple little experinent

| ed eventually to the discovery of galvanic electricity

and the invention of the galvanic battery, it

may be regarded as the beginning of nodern electricity.
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The story is told that Galvani was led to his discovery
whil e preparing frogs' legs to make a broth for his
invalid wife. As the story runs, he had renpved the

skins from several frogs' |egs, when, happening to touch
the exposed nuscles with a scal pel which had lain in
close proximity to an electrical machine, violent nuscular
action was produced. Inpressed with this phenonenon,

he began a series of experinments which finally

resulted in his great discovery. But be this story authentic
or not, it is certain that Galvani experinmented

for several years upon frogs' |egs suspended upon wres
and hooks, until he finally constructed his arc of two
different nmetals, which, when arranged so that one was

pl aced in contact with a nerve and the other with a

nmuscl e, produced violent contractions.

These two pieces of netal formthe basic principle of
the nodern galvanic battery, and led directly to Al essandro

Volta's invention of his "voltaic pile,” the i med ate
ancestor of the nodern galvanic battery.

Volta's experiments were carried on at the sane tine

as those of Galvani, and his invention of his pile followed
cl ose upon Gal vani's discovery of the new form

of electricity. Fromthese facts the new formof electricity
was sonetinmes called "gal vanic" and someti nes

"voltaic" electricity, but in recent years the

term "gal vani snf' and "gal vani ¢ current” have al npst

entirely supplanted the use of the termvoltaic.
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It was Volta who made the report of Galvani's wonderfu

di scovery to the Royal Society of London, read

on January 31, 1793. In this letter he describes Galvani's
experinments in detail and refers to themin

glowing terns of praise. He calls it one of the "nopst

beautiful and inportant discoveries,” and regarded it
as the germor foundation upon which other discoveries
were to be made. The prediction proved entirely correct,

Vol ta hinself being the chief discoverer.

Wor ki ng al ong |ines suggested by Gal vani's di scovery,

Vol ta constructed an apparatus nade up of a

nunber of disks of two different kinds of netal, such

as tin and silver, arranged alternately, a piece of sone

noi st, porous substance, |ike paper or felt, being interposed
bet ween each pair of disks. Wth this "pile,"

as it was called, electricity was generated, and by |inking

t oget her several such piles an electric battery could

be forned.

This invention took the world by storm Nothing

like the enthusiasmit created in the philosophic world
had been known since the invention of the Leyden jar
nmore than half a century before. Wthin a few weeks
after Volta's announcenent, batteries made according

to his plan were being experinented with in every

i mportant | aboratory in Europe.
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As the century closed, half the philosophic world

was specul ating as to whet her "gal vanic influence”
were a new i nponderable, or only a formof electricity;
and the other half was eagerly seeking to discover

what new marvel s the battery nmight reveal. The

| east imaginative man could see that here was an

i nvention that would be epoch-nmeki ng, but the nost

vi sionary dreamer could not even vaguely adunbrate

the real neasure of its inportance.

It was evident at once that al most any form of gal vanic
battery, despite inperfections, was a nore satisfactory
i nstrument for generating electricity than the
frictional machine hitherto in use, the advantage |ying
in the fact that the current fromthe galvanic battery
could be controlled practically at will, and that the
apparatus itself was inexpensive and required
conparatively little attention. These advantages were
soon made apparent by the practical application of the

electric current in several fields.

It will be recalled that despite the energetic endeavors
of such phil osophers as Watson, Franklin, Galvani

and many others, the field of practical application of
electricity was very limted at the close of the

ei ghteenth century. The |ightning-rod had come into
general use, to be sure, and its value as an invention

can hardly be overestimted. But while it was the

result of extensive electrical discoveries, and is a npst
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practical instrument, it can hardly be called one that
puts electricity to practical use, but sinply acts as a
means of warding off the evil effects of a natura

mani festation of electricity. The invention, however, had
all the effects of a mechanism which turned electricity
to practical account. But with the advent of the new

kind of electricity the age of practical application began

DAVY AND ELECTRI C LI GHT

Vol ta's announcenment of his pile was scarcely two
nmont hs ol d when two Englishmen, Messrs. Nichol son

and Carlisle, made the discovery that the current from
the gal vanic battery had a deci ded effect upon certain
chem cal s, anmobng ot her things deconposi ng water

into its elenments, hydrogen and oxygen. On May 7,

1800, these investigators arranged the ends of two
brass wires connected with the poles of a voltaic pile,
conposed of alternate silver and zinc plates, so that
the current coming fromthe pile was di scharged
through a small quantity of "New River water." "A

fine stream of m nute bubbles i medi ately began

to flow fromthe point of the ower wire in the tube

whi ch communi cated with the silver," wote N chol son
"and the opposite point of the upper wire becane
tarni shed, first deep orange and then black. . . ." The

product of gas during two hours and a half was two-
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thirtieths of a cubic inch. "It was then m xed with

an equal quantity of comon air," continues N chol son
"and expl oded by the application of a lighted

waxen thread."

Thi s demonstration was the begi nning of the very

i nportant science of electro-chem stry.

The inmportance of this discovery was at once recogni zed
by Sir Hunphry Davy, who began experinmenting

i mediately in this new field. He constructed a

series of batteries in various combinations, with which
he attacked the "fixed alkalies," the conposition of

whi ch was then unknown. Very shortly he was able

to decompose potash into bright metallic globules,
resenbling quicksilver. This new substance he naned
"potassium"™ Then in rapid succession the el enentary
subst ances sodium calcium strontium and nagnesi um

were isol ated

It was soon di scovered, also, that the new electricity,
like the old, possessed heating power under certain
conditions, even to the fusing of pieces of wire. This
observation was probably first made by Frommsdorff,

but it was el aborated by Davy, who constructed a
battery of two thousand cells with which he produced

a bright light from points of carbon--the prototype of
the nodern arc |lanp. He made this denonstration

before the menbers of the Royal Institution in 1810.
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But the practical utility of such a light for illumnating
purposes was still a thing of the future. The expense

of constructing and nmintaining such an el aborate

battery, and the rapid internal destruction of its plates,
together with the constant polarization, rendered its

use in practical illumnation out of the question. It

was not until another nethod of generating electricity

was di scovered that Davy's denonstration could be

turned to practical account.

In Davy's own account of his experinment he says:

"When pieces of charcoal about an inch |ong and

one-sixth of an inch in diameter were brought near each
other (within the thirtieth or fortieth of an inch), a

bri ght spark was produced, and nore than half the

vol une of the charcoal becane ignited to whiteness;

and, by withdraw ng the points fromeach other, a constant
di scharge took place through the heated air, in a

space equal to at |east four inches, producing a nost
brilliant ascending arch of light, broad and conical in
formin the mddle. When any substance was introduced
into this arch, it instantly becane ignited;

platina nelted as readily in it as wax in a comon candl e;
quartz, the sapphire, magnesia, |line, all entered

into fusion; fragnents of dianond and points of charcoa
and plunbago seened to evaporate in it, even

when the connection was made in the receiver of an
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ai r-punp; but there was no evidence of their having
previ ously undergone fusion. When the conmunicati on

bet ween the points positively and negatively electrified
was made in the air rarefied in the receiver of the

ai r-punp, the distance at which the di scharge took

pl ace i ncreased as the exhausti on was made; and when

t he atnosphere in the vessel supported only one-

fourth of an inch of mercury in the baronetrical gauge,
the sparks passed through a space of nearly half an

i nch; and, by withdrawi ng the points from each other

t he di scharge was nmade through six or seven inches,
producing a nost brilliant coruscation of purple |ight;
the charcoal becane intensely ignited, and sone platina
wire attached to it fused with brilliant scintillations
and fell in large gl obules upon the plate of the punp.
Al l the phenonmena of chenical deconposition were

produced with intense rapidity by this conbination."[1]

But this experinent denonstrated another thing

besi des the possibility of producing electric Iight and
chem cal deconposition, this being the heating power
capabl e of being produced by the electric current.

Thus Davy's experinent of fusing substances laid the
foundati on of the nodern electric furnaces, which are
of paranmpunt inportance in several great commercia

i ndustri es.

While sone of the results obtained with Davy's

batteries were practically as satisfactory as could be
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obtained with nodern cell batteries, the batteries

t hensel ves were anything but satisfactory. They were
expensive, required constant care and attention, and,
what was nore inportant from an experinmental standpoint
at least, were not constant in their action except

for a very limted period of time, the current soon

“runni ng down." Nunerous experinmenters, therefore,

set about devising a satisfactory battery, and

when, in 1836, John Frederick Daniell produced the

cell that bears his nane, his invention was epoch-

meking in the history of electrical progress. The

Royal Society considered it of sufficient inportance

to bestow the Copley nmedal upon the inventor, whose

device is the direct parent of all nodern galvanic cells.
Fromthe time of the advent of the Daniell cell experinments
in electricity were rendered conparatively

easy. In the nean while, however, another great discovery

was made.

ELECTRI CI TY AND MAGNETI SM

For many years there had been a grow ng suspicion
amounting in many instances to belief in the close

rel ati onshi p existing between electricity and magneti sm
Before the winter of 1815, however, it was a belief

that was surnised but not denmonstrated. But in that

year it occurred to Jean Christian Oersted, of Dennark,
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to pass a current of electricity through a wire
hel d parallel with, but not quite touching, a suspended
magneti c needle. The needle was instantly deflected

and swung out of its position.

"The first experinents in connection with the subject
which | am undertaking to explain," wote Qersted,
"were made during the course of |ectures which

| held last winter on electricity and magneti sm From
those experinents it appeared that the nagnetic needl e
could be nmoved fromits position by neans of a galvanic
battery--one with a closed galvanic circuit.

Si nce, however, those experinents were nade with an
apparatus of small power, | undertook to repeat and

increase themwith a | arge gal vanic battery.

"Let us suppose that the two opposite ends of the

gal vani c apparatus are joined by a nmetal wire. This

I shall always call the conductor for the sake of brevity.
Pl ace a rectilinear piece of this conductor in a horizonta
position over an ordinary nmagnetic needle so that

it is parallel to it. The magnetic needle will be set in
notion and will deviate towards the west under that

part of the conductor which cones fromthe negative

pole of the galvanic battery. If the wire is not nore

than four-fifths of an inch distant fromthe m ddl e of
this needle, this deviation will be about forty-five degrees.
At a greater distance the angle of deviation

becones | ess. Moreover, the deviation varies according
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to the strength of the battery. The conductor can
be noved towards the east or west, so long as it renmins
parallel to the needle, wthout producing any

other result than to make the deviation snaller

"The conductor can consist of several conbined

wires or metal coils. The nature of the netal does not
alter the result except, perhaps, to make it greater or
| ess. W& have used wires of platinum gold, silver,
brass, and iron, and coils of lead, tin, and quicksilver
with the same result. If the conductor is interrupted
by water, all effect is not cut off, unless the stretch

of water is several inches |ong.

"The conductor works on the nagnetic needl e
t hrough gl ass, netals, wood, water, and resin, through

clay vessels and through stone, for when we placed a

glass plate, a netal plate, or a board between the conductor

and the needle the effect was not cut off; even
the three together seenmed hardly to weaken the effect,

and the sane was the case with an earthen vessel, even

when it was full of water. Qur experinments al so denonstrated

that the said effects were not altered when
we used a mmgnetic needle which was in a brass case

full of water.

"When the conductor is placed in a horizontal plane

under the magnetic needle all the effects we have descri bed
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take place in precisely the same way, but in
the opposite direction to what took place when the

conductor was in a horizontal plane above the needle.

"If the conductor is moved in a horizontal plane so
that it gradually makes ever-increasing angles with the
magneti c nmeridian, the deviation of the magnetic

needl e fromthe nmagnetic nmeridian is increased when

the wire is turned towards the place of the needle; it
decreases, on the other hand, when it is turned away

fromthat place.

"A needl e of brass which is hung in the sane way as

the magnetic needle is not set in notion by the influence
of the conductor. A needle of glass or rubber |ikew se
remai ns static under simlar experinments. Hence

the electrical conductor affects only the magnetic

parts of a substance. That the electrical current is

not confined to the conducting wire, but is conparatively

wi dely diffused in the surrounding space, is

sufficiently denonstrated fromthe foregoing observations."[2]

The effect of Cersted' s denpnstration is al npst
i nconprehensible. By it was shown the close relationship

bet ween magneti sm and electricity. It showed

the way to the establishment of the science of el ectrodynanics

al though it was by the French savant

Andre Marie Anpere (1775-1836) that the science was
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actually created, and this within the space of one week
after hearing of Cersted s experinent in deflecting the
needl e. Anpere first received the news of Qersted's
experinment on Septenber 11, 1820, and on the 18th

of the sanme nonth he announced to the Acadeny the
fundanmental principles of the science of electro-dynam cs--
seven days of rapid progress perhaps unequall ed

in the history of science.

Anpere's distingui shed countryman, Arago, a few

mont hs | ater, gave the finishing touches to Cersted's

and Anpere's di scoveries, by denpnstrating conclusively
that electricity not only influenced a nagnet,

but actually produced magneti sm under proper circunstances
--a conplenental fact nobst essential in

practical mechanics

Some four years after Arago's discovery, Sturgeon

made the first "electro-magnet” by wi nding a soft

iron core with wire through which a current of electricity
was passed. This study of el ectro-magnets

was taken up by Professor Joseph Henry, of Al bany,

New Yor k, who succeeded in nmaki ng magnets of enornous
lifting power by winding the iron core with severa

coils of wire. One of these magnets, excited by

a single galvanic cell of |less than half a square foot

of surface, and containing only half a pint of dilute

acids, sustained a weight of six hundred and fifty
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pounds.

Thus by Cersted's great discovery of the intimte

rel ati onship of magnetismand electricity, with further
el aborations and di scoveries by Anpere, Volta, and
Henry, and with the invention of Daniell's cell, the
way was laid for putting electricity to practical use.
Soon followed the invention and perfection of the

el ectro-magnetic tel egraph and a host of other but

little less inportant devices.

FARADAY AND ELECTRO- MAGNETI C | NDUCTI ON

Wth these great discoveries and inventions at hand,
electricity becane no longer a toy or a "plaything for

phi | osophers," but of enornous and grow ng inportance
commercially. Still, electricity generated by

chenical action, even in a very perfect cell, was both
feebl e and expensive, and, withal, only applicable in a
conparatively limted field. Another inportant scientific
di scovery was necessary before such things as

electric traction and electric lighting on a |arge scale

were to beconme possible; but that discovery was soon

made by Sir M chael Faraday.

Faraday, the son of a blacksmth and a bookbi nder
by trade, had interested Sir Hunphry Davy by his

adm rabl e notes on four of Davy's lectures, which he
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had been able to attend. Although advised by the

great scientist to "stick to his bookbinding" rather

than enter the field of science, Faraday becane, at
twenty-two years of age, Davy's assistant in the Roya
Institution. There, for several years, he devoted al

his spare hours to scientific investigations and experinents,

perfecting hinself in scientific technique.

A few years | ater he becane interested, |ike all the
scientists of the time, in Arago's experiment of rotating
a copper disk underneath a suspended conpass-

needl e. When this disk was rotated rapidly, the needle
was defl ected, or even rotated about its axis, in a manner
qui te inexplicable. Faraday at once conceived the

i dea that the cause of this rotation was due to electricity,
i nduced in the revolving disk--not only conceived

it, but put his belief in witing. For several years,
however, he was unable to denonstrate the truth of

hi s assunption, although he made repeated experinents

to prove it. But in 1831 he began a series of

experinments that established forever the fact of

el ectro-magneti c i nduction.

In his fanmous paper, read before the Royal Society
in 1831, Faraday describes the method by which he first
denonstrated el ectro-nmagnetic induction, and then expl ai ned

t he phenomenon of Arago's revolving disk.
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"About twenty-six feet of copper wire, one-twentieth

of an inch in diameter, were wound round a cyli nder

of wood as a helix," he said, "the different spires of
whi ch were prevented fromtouching by a thin interposed
twine. This helix was covered with calico, and

then a second wire applied in the same manner. In this
way twelve helices were "superposed, each containing

an average length of wire of twenty-seven feet, and al
in the same direction. The first, third, fifth, seventh,
ninth, and el eventh of these helices were connected at
their extremties end to end so as to formone helix;
the others were connected in a simlar manner; and

thus two principal helices were produced, closely interposed,
havi ng the sane direction, not touching anywhere,

and each contai ning one hundred and fifty-five

feet in length of wire.

One of these helices was connected with a gal vanonet er
the other with a voltaic battery of ten pairs

of plates four inches square, with doubl e coppers

and well charged; yet not the slightest sensible

defl ection of the gal vanoneter needl e could be observed.

"A simlar conpound helix, consisting of six |engths
of copper and six of soft iron wire, was constructed.
The resulting iron helix contained two hundred and

ei ght feet; but whether the current fromthe trough
was passed through the copper or the iron helix, no

ef fect upon the other could be perceived at the gal vanoneter.
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"I'n these and many siml|ar experinments no difference
in action of any kind appeared between iron and

ot her netal s.

"Two hundred and three feet of copper wire in one

| ength were passed round a | arge bl ock of wood; other

two hundred and three feet of simlar wire were interposed
as a spiral between the turns of the first, and

metallic contact everywhere prevented by tw ne. One

of these helices was connected with a gal vanoneter and

the other with a battery of a hundred pairs of plates

four inches square, with doubl e coppers and wel

charged. When the contact was nade, there was a

sudden and very slight effect at the gal vanoneter, and
there was also a simlar slight effect when the contact
with the battery was broken. But whilst the voltaic
current was continuing to pass through the one heli X,

no gal vanometri cal appearances of any effect |ike induction
upon the other helix could be perceived, although

the active power of the battery was proved to

be great by its heating the whole of its own helix, and

by the brilliancy of the discharge when nmade through

char coal

"Repetition of the experinments with a battery of

one hundred and twenty pairs of plates produced no

other effects; but it was ascertained, both at this and

Get any book for free on: www.Abika.com



History of Science

at the former tine, that the slight deflection of the
needl e occurring at the nonent of conpleting the connection
was always in one direction, and that the

equal Iy slight deflection produced when the contact

was broken was in the other direction; and, also, that

t hese effects occurred when the first helices were used.

"The results which | had by this tine obtained with
magnets led ne to believe that the battery current

through one wire did, in reality, induce a sinmilar current
t hrough the other wire, but that it continued for

an instant only, and partook nore of the nature of the

el ectrical wave passed through fromthe shock of a

common Leyden jar than of that froma voltaic battery,
and, therefore, mght magnetize a steel needle although

it scarcely affected the gal vanoneter.

"This expectation was confirned; for on substituting

a small hollow helix, formed round a gl ass tube, for the
gal vanoneter, introducing a steel needle, making contact
as before between the battery and the inducing

wire, and then renoving the needl e before the battery

contact was broken, it was found magneti zed.

"When the battery contact was first made, then an
unmagneti zed needl e introduced, and lastly the battery
contact broken, the needl e was found magnetized to

an equal degree apparently with the first; but the poles

were of the contrary Kkinds."[ 3]
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To Faraday these experinents explained the phenonenon

of Arago's rotating disk, the disk inducing the

current fromthe magnet, and, in reacting, deflecting

the needle. To prove this, he constructed a disk that

revol ved between the poles of an el ectro-nmagnet, connecting
the axis and the edge of the disk with a gal vanoneter.

". . . Adisk of copper, twelve inches in

di aneter, fixed upon a brass axis," he says, "was

mounted in frames so as to be revolved either vertically

or horizontally, its edge being at the sane tinme introduced
nore or | ess between the magnetic poles. The

edge of the plate was well anal gamated for the purpose

of obtaining good but novable contact; a part round

the axis was also prepared in a simlar manner.

"Conductors or collectors of copper and | ead were
constructed so as to conme in contact with the edge of the
copper disk, or with other forns of plates hereafter to
be descri bed. These conductors we're about four inches

I ong, one-third of an inch w de, and one-fifth of an inch
thi ck; one end of each was slightly grooved, to all ow

of nore exact adaptation to the sonmewhat convex edge

of the plates, and then amal gamat ed. Copper wires,

one-si xteenth of an inch in thickness, attached in the
ordi nary manner by convolutions to the other ends of

t hese conductors, passed away to the gal vanoneter.
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"All these arrangenents being nade, the copper

di sk was adjusted, the small magnetic pol es being

about one-half an inch apart, and the edge of the plate
i nserted about half their wi dth between them One

of the gal vanonmeter wires was passed twice or thrice

| oosely round the brass axis of the plate, and the other
attached to a conductor, which itself was retained by
the hand in contact with the anmal ganated edge of the
disk at the part i mediately between the nmagnetic

pol es. Under these circunstances all was qui escent,

and the gal vanoneter exhibited no effect. But the

i nstant the plate noved the gal vanonmeter was influenced,
and by revolving the plate quickly the needle

could be deflected ninety degrees or nore."[4]

This rotating disk was really a dynanp electric

machine in mniature, the first ever constructed, but

whose direct descendants are the ordi nary dynanos.

Moder n dynanos range in power fromlittle machines
operating machinery requiring only fractions of a horsepower
to great dynanpbs operating street-car |ines and

lighting cities; but all are built on the sane principle

as Faraday's rotating disk. By this discovery the use

of electricity as a practical and econom cal notive

power becane possi bl e.

STORAGE BATTERI ES
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When t he discoveries of Faraday of el ectro-magnetic

i nducti on had nade possible the neans of easily generating
el ectricity, the next natural step was to find a

means of storing it or accunulating it. This, however,
proved no easy matter, and as yet a practical storage

or secondary battery that is neither too cunbersone,

too fragile, nor too weak in its action has not been
invented. If a satisfactory storage battery could be

made, it is obvious that its revolutionary effects could
scarcely be overestimated. In the single field of aeronautics,
it would probably solve the question of aeria

navi gation. Little wonder, then, that inventors have

sought so eagerly for the invention of satisfactory storage
batteries. As early as 1803 Ritter had attenpted

to make such a secondary battery. In 1843 Grove

also attenpted it. But it was not until 1859, when

Gaston Pl anche produced his invention, that anything

like a reasonably satisfactory storage battery

was made. Pl anche di scovered that sheets of |ead

i mersed in dilute sul phuric acid were very satisfactory
for the production of polarization effects. He

constructed a battery of sheets of lead i mersed in

sul phuric acid, and, after charging these for severa

hours fromthe cells of an ordinary Bunsen battery,

was able to get currents of great strength and consi derable
duration. This battery, however, fromits construction

of | ead, was necessarily heavy and cunbersone.
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Faure inproved it somewhat by coating the

| ead plates with red-lead, thus increasing the capacity

of the cell. Faure's invention gave a fresh inpetus

to inventors, and shortly after the market was filled
with storage batteries of various kinds, nmost of them

nodi fications of Planche's or Faure's. The ardor of

ent husi astic inventors soon flagged, however, for al

these storage batteries proved of little practical account
in the end, as conpared with other known

nmet hods of generating power.

Three net hods of generating electricity are in genera
use: static or frictional electricity is generated by
"plate" or "static" machines; galvanic, generated by
batteri es based on Volta's discovery; and induced, or
faradi c, generated either by chem cal or nechanica
action. There is still another kind, therno-electricity,
that may be generated in a nost sinple manner. In

1821 Seebecle, of Berlin, discovered that when a

circuit was forned of two wires of different netals, if
there be a difference in tenperature at the juncture of
these two nmetals an electrical current will be established.
In this way heat may be transnmitted directly

into the energy of the current without the interposition
of the steam engine. Batteries constructed in

this way are of |ow resistance, however, although by
arrangi ng several of themin "series," currents of

consi derabl e strength can be generated. As yet, however,

they are of little practical inportance.
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About the mddle of the century C erk-Maxwel

advanced the idea that |ight waves were really electro-
magnetic waves. |If this were true and |ight proved

to be sinply one formof electrical energy, then the

same woul d be true of radiant heat. Maxwell advanced

this theory, but failed to substantiate it by

experinmental confirmation. But Dr. Heinrich Hertz,

a few years later, by a series of experinments, denonstrated
the correctness of Maxwell's surm ses. What

are now called "Hertzian waves" are waves apparently

i dentical with |ight waves, but of nmuch |ower pitch or
period. In his experinents Hertz showed that, under

proper conditions, electric sparks between polished balls
were attended by ether waves of the sane nature as those
of light, but of a pitch of several mllions of vibrations
per second. These waves could be dealt with as if they
were |ight waves--reflected, refracted, and pol ari zed.

These are the waves that are utilized in wreless tel egraphy.

ROENTGEN RAYS, OR X- RAYS

In Decenber of 1895 word cane out of Gernmany of

a scientific discovery that startled the world. It cane
first as a runor, little credited; then as a pronounced
report; at last as a denonstration. It told of a new

mani festati on of energy, in virtue of which the interior
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of opaque objects is made visible to human eyes. One

had only to look into a tube containing a screen of a
certain conposition, and directed towards a peculiar

el ectrical apparatus, to acquire clairvoyant vision nore
wonder ful than the discredited second-sight of the

medi um Coins within a purse, nails driven into wood,
spectacles within a | eather case, becane clearly visible
when subjected to the influence of this magic tube; and
when a human hand was hel d before the tube, its bones
stood revealed in weird sinplicity, as if the living, palpitating
fl esh about them were but the shadowy substance

of a ghost.

Not only could the human eye see these astounding
revel ati ons, but the inpartial evidence of inaninmate
chem cals could be brought forward to prove that the

m nd harbored no illusion. The photographic filmrecorded
the things that the eye m ght see, and ghostly

pi ctures gal ore soon gave a quietus to the doubts of the
nost sceptical. Wthin a nonth of the announcenent

of Professor Roentgen's experinents comment

upon the "X-ray" and the "new photography" had

beconme a part of the current gossip of all Christendom

It is hardly necessary to say that such a revol utionary
thing as the discovery of a process whereby opaque

obj ects becane transparent, or translucent, was not

achieved at a single bound with no internedi ate di scoveries.

In 1859 the German physicist Julius Plucker
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(1801-1868) noticed that when there was an electrica

di scharge through an exhausted tube at a | ow pressure,
on the surrounding walls of the tube near the negative
pol e, or cathode, appeared a greeni sh phosphorescence.
Thi s di scovery was soon being investigated by a nunber
of other scientists, anong others Hittorf, Goldstein
and Professor (now Sir WIliam Crookes. The

expl anations given of this phenonmenon by Professor
Crookes concern us here nore particularly, inasnuch

as his views did not accord exactly with those held by
the other two scientists, and as his researches were nore
directly concerned in the discovery of the Roentgen
rays. He held that the heat and phosphorescence
produced in a | ow pressure tube were caused by streans
of particles, projected fromthe cathode with great
velocity, striking the sides of the glass tube. The
conposition of the glass seened to enter into this
phosphorescence al so, for while | ead gl ass produced

bl ue phosphorescence, soda gl ass produced a yell ow sh
green. The conposition of the glass seened to be
changed by a | ong-continued pelting of these particles,
t he phosphorescence after a time losing its initia
brilliancy, caused by the glass beconing "tired," as
Prof essor Crookes said. Thus when sone opaque substance,
such as iron, is placed between the cathode and

the sides of the glass tube so that it casts a shadow in
a certain spot on the glass for sone little tinme, it is

found on renoving the opaque substance or changi ng
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its position that the area of glass at first covered by
t he shadow now responded to the rays in a different

manner from the surroundi ng gl ass.

The peculiar ray's, now known as the cathode rays,

not only cast a shadow, but are deflected by a magnet,

so that the position of the phosphorescence on the sides

of the tube may be altered by the proximty of a powerfu
magnet. Fromthis it would seemthat the rays

are conposed of particles charged with negative electricity,
and Professor J. J. Thonson has nodified the

experinment of Perrin to show that negative electricity

is actually associated with the rays. There is reason

for believing, therefore, that the cathode rays are rapidly
nmovi ng charges of negative electricity. It is possible,

al so, to determine the velocity at which these particles
are noving by measuring the deflection produced

by the magnetic field.

From the fact that opaque substances cast a shadow

in these rays it was thought at first that all solids were
absol utely opaque to them Hertz, however, discovered

that a small anount of phosphorescence occurred

on the glass even when such opaque substances as

gol d-leaf or alum niumfoil were interposed between

the cathode and the sides of the tube. Shortly afterwards
Lenard di scovered that the cathode rays can be

made to pass fromthe inside of a discharge tube to the

outside air. For convenience these rays outside the
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tube have since been known as "Lenard rays."

In the closing days of Decenber, 1895, Professor

W | hel m Konrad Roentgen, of Wirzburg, announced

that he had nade the discovery of the remarkabl e effect
arising fromthe cathode rays to which reference

was made above. He found that if a plate covered

wi th a phosphorescent substance is placed near a discharge
tube exhausted so highly that the cathode rays

produced a green phosphorescence, this plate is nmade
to glow in a peculiar manner. The rays producing

this glow were not the cathode rays, although
apparently arising fromthem and are what have since

been called the Roentgen rays, or X-rays.

Roent gen found that a shadow is thrown upon the

screen by substances held between it and the exhausted
tube, the character of the shadow dependi ng upon the
density of the substance. Thus netals are al nost

conpl etely opaque to the rays; such substances as

bone much | ess so, and ordinary flesh hardly so at all

If a coin were held in the hand that had been interposed
between the tube and the screen the picture

formed showed the coin as a bl ack shadow, and the

bones of the hand, while casting a distinct shadow,
showed distinctly lighter; while the soft tissues produced
scarcely any shadow at all. The val ue of such

a discovery was obvious fromthe first; and was stil
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further enhanced by the di scovery made shortly that,

phot ogr aphi c

pl ates are affected by the rays, thus

making it possible to make pernmanent phot ographic

records of pi

subst ances.

VWhat adds nat

ctures through what we know as opaque

erially to the practical value of

Roentgen's di scovery is the fact that the apparatus for

producing the X-rays is now so sinple and relatively

i nexpensi ve t

hat it is within the reach even of amateur

scientists. It consists essentially of an induction coi

attached either to cells or a street-current plug for generating

the electricity, a focus tube, and a phosphorescence

screen. These focus tubes are nmade in various

shapes, but perhaps the nost popular are in the form

of a glass gl

wat er - bottl e,

obe, not unlike an ordinary small-sized

this tube being closed and exhaust ed,

and having the two poles (anode and cat hode) seal ed

into the glass walls, but protruding at either end for

attachnment to the conducting wires fromthe induction

coil. This tube may be nounted on a stand at a

hei ght conveni ent for mani pul ati on. The phosphorescence

screen is usually a plate covered with sone

pl ati no-cyan

conveni ent si

de and nmounted in the end of a box of

ze, the opposite end of which is so shaped

that it fits the contour of the face, shutting out the

light and al

owi ng the eyes of the observer to focalize

on the screen at the end. For nmking observations

t he operator

has simply to turn on the current of electricity
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and apply the screen to his eyes, pointing it
towards the glowi ng tube, when the shadow of any
subst ance i nterposed between the tube and the screen

wi || appear upon the phosphorescence plate.

The wonderful shadow pictures produced on the
phosphorescence screen, or the photographic plate,

woul d seemto conme from sone peculiar formof |ight,

but the exact nature of these rays is still an open question.
Whet her the Roentgen rays are really a form of

light--that is, a formof "electro-magnetic disturbance

propagated through ether," is not fully determ ned.
Numer ous experi nents have been undertaken to deterni ne
this, but as yet no proof has been found that

the rays are a formof light, although there appears to
be nothing in their properties inconsistent with their
bei ng so. For the nonment nost investigators are content
to adnmit that the term X-ray virtually begs the

question as to the intimte nature of the form of energy

i nvol ved.

VII1. THE CONSERVATI ON OF ENERGY

As we have seen, it was in 1831 that Faraday opened

up the field of magneto-electricity. Reversing

the experinents of his predecessors, who had found
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that electric currents may generate nmagnetism he

showed that magnets have power under certain circunstances
to generate electricity; he proved, indeed,

the interconvertibility of electricity and nmagneti sm

Then he showed that all bodies are nore or |ess subject

to the influence of magnetism and that even |ight

may be affected by nagnetismas to its phenonena of

pol ari zation. He satisfied hinself conpletely of the

true identity of all the various forns of electricity, and
of the convertibility of electricity and chemnical action
Thus he linked together |ight, chemical affinity, magnetism
and electricity. And, noreover, he knew ful

wel | that no one of these can be produced in indefinite
supply from another. "Nowhere," he says, "is there

a pure creation or production of power w thout a corresponding

exhaustion of sonething to supply it."

When Faraday wote those words in 1840 he was

treading on the very heels of a greater generalization
than any which he actually formul ated; nay, he had it
fairly within his reach. He saw a great truth without
fully realizing its inmport; it was left for others,
approaching the sane truth al ong another path, to point

out its full significance.

The great generalization which Faraday so narrowy
mssed is the truth which since then has become faniliar
as the doctrine of the conservation of energy--the

law that in transform ng energy fromone condition to
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anot her we can never secure nore than an equival ent
quantity; that, in short, "to create or annihilate energy
is as inpossible as to create or annihilate matter;
and that all the phenonena of the material universe

consist in transformations of energy al one."” Sone phil osophers
think this the greatest generalization ever

conceived by the mind of man. Be that as it may, it is

surely one of the great intellectual |andmarks of the

ni neteenth century. It stands apart, so stupendous

and so far-reaching in its inplications that the generation
which first saw the | aw devel oped could little appreciate

it; only now, through the vista of half a century,

do we begin to see it in its true proportions.

A vast generalization such as this is never a nmushroom
growth, nor does it usually spring full grown from

the m nd of any single man. Al ways a nunber of

m nds are very near a truth before any one mind fully
grasps it. Pre-eminently true is this of the doctrine of
the conservation of energy. Not Faraday al one, but

hal f a dozen different nen had an inkling of it before
it gained full expression; indeed, every man who advocat ed
the undul atory theory of light and heat was

verging towards the goal. The doctrine of Young and
Fresnel was as a highway | eading surely on to the

wi de plain of conservation. The phenonena of el ectro-
magneti sm furni shed anot her such hi ghway. But there

was yet another road which led just as surely and
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even nore readily to the same goal. This was the

road furni shed by the phenomena of heat, and the

men who travelled it were destined to outstrip their
fell ow-workers; though, as we have seen, wayfarers on
ot her roads were within hailing distance when the

| eaders passed the nark.

In order to do even approximte justice to the nen
who entered into the great achievenent, we nust recal
that just at the close of the eighteenth century Count
Runford and Hunmphry Davy i ndependently showed

that | abor may be transformed into heat; and correctly
interpreted this fact as neaning the transformati on of
nmol ar into nolecular notion. We can hardly doubt

that each of these nmen of genius realized--vaguely, at
any rate--that there nust be a cl ose correspondence
bet ween t he anpunt of the nolar and the nol ecul ar

noti ons; hence that each of themwas in sight of the

| aw of the nechani cal equival ent of heat. But neither
of them quite grasped or explicitly stated what each
nmust vaguely have seen; and for just a quarter of a
century no one el se even cane abreast their |ine of

t hought, let alone passing it.

But then, in 1824, a French phil osopher, Sadi Carnot,
caught step with the great Englishnmen, and took a

I ong | eap ahead by explicitly stating his belief that a
definite quantity of work could be transfornmed into a

definite quantity of heat, no nore, no |less. Carnot did
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not, indeed, reach the clear view of his predecessors as
to the nature of heat, for he still thought it a form of
"i mponderabl e" fluid; but he reasoned none the |ess
clearly as to its nutual convertibility with nechanica
wor k. But inportant as his concl usions seem now

that we | ook back upon themwi th clearer vision, they
made no i npressi on whatever upon his contenporaries.
Carnot's work in this |ine was an isol ated phenonenon

of historical interest, but it did not enter into the
schenme of the conpleted narrative in any such way as

did the work of Runford and Davy.

The man who really took up the broken thread where
Runford and Davy had dropped it, and wove it into

a conpleted texture, came upon the scene in 1840.
Hi s home was in Manchester, England; his occupation
that of a manufacturer. He was a friend and

pupil of the great Dr. Dalton. H s nanme was Janes
Prescott Joul e. When posterity has done its fina
juggling with the names of the nineteenth century,

it is not unlikely that the name of this Manchester
phi |l osopher will be a household word, |ike the nanes

of Aristotle, Copernicus, and Newt on.

For Joule's work it was, done in the fifth decade of
the century, which denonstrated beyond all cavil that
there is a precise and absol ute equi val ence between

nechani cal work and heat; that whatever the form of
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mani f estati on of nolar notion, it can generate a definite
and neasurabl e amount of heat, and no nore.

Joul e found, for exanple, that at the sea-level in
Manchester a pound wei ght falling through seven

hundred and seventy-two feet could generate enough

heat to raise the tenperature of a pound of water one
degree Fahrenheit. There was not hi ng haphazard,

not hi ng accidental, about this; it bore the stanp of

unal terable law. And Joul e hinself saw, what others in
time were made to see, that this truth is nmerely a
particul ar case within a nore general law. [|f heat cannot
be in any sense created, but only nade manifest as a
transformati on of another kind of notion, then nust

not the same thing be true of all those other forns of
"force"--light, electricity, magneti sm-which had

been shown to be so closely associated, so nutually
convertible, with heat? Al anal ogy seened to urge the
truth of this inference; all experinent tended to confirm
it. The |l aw of the nechanical equival ent of heat

then became the main corner-stone of the greater |aw

of the conservation of energy.

But while this citation is fresh in mnd, we mnmust turn
our attention with all haste to a country across the
Channel --to Denmark, in short--and |learn that even

as Joule experinmented with the transformati on of heat,
a phil osopher of Copenhagen, Col ding by nanme, had

hit upon the sane idea, and carried it far towards a

denonstration. And then, w thout pausing, we nust
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shift yet again, this time to Germany, and consider the
wor k of three other men, who i ndependently were on

the track of the sane truth, and two of whom it nust
be admitted, reached it earlier than either Joule or
Colding, if neither brought it to quite so clear a
denonstration. The names of these three CGermans are
Mohr, Mayer, and Helmholtz. Their share in establishing
the great doctrine of conservation nust now

claimour attention.

As to Karl Friedrich Mohr, it may be said that his
statement of the doctrine preceded that of any of his
fell ows, yet that otherwi se it was perhaps | east inportant.
In 1837 this thoughtful German had grasped

the main truth, and given it expression in an article
published in the Zeitschrift fur Physik, etc. But the
article attracted no attention whatever, even from
Mohr's own countrynmen. Still, Mhr's title to rank

as one who independently conceived the great truth,
and perhaps conceived it before any other man

in the world saw it as clearly, even though he

did not denpnstrate its validity, is not to be disputed.

It was just five years later, in 1842, that Dr. Julius
Robert Mayer, practising physician in the little German
town of Heil bronn, published a paper in Liebig's
Annal en on "The Forces of Inorganic Nature," in

whi ch not nmerely the nechanical theory of heat, but
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the entire doctrine of the conservation of energy, is explicitly

if briefly stated. Two years earlier Dr. Mayer,

while surgeon to a Dutch India vessel cruising in the
tropics, had observed that the venous bl ood of a

pati ent seened redder than venous bl ood usually is
observed to be in tenperate climtes. He pondered

over this seenmingly insignificant fact, and at |ast reached
t he concl usion that the cause nust be the |esser

anount of oxidation required to keep up the body
tenperature in the tropics. Led by this reflection to
consi der the body as a machi ne dependent on outside
forces for its capacity to act, he passed on into a nove
real m of thought, which brought himat |last to i ndependent
di scovery of the mechanical theory of heat,

and to the first full and conprehensive appreciation

of the great |aw of conservation. Blood-letting, the
noder n physician holds, was a practice of very doubtful
benefit, as a rule, to the subject; but once, at |east,

it led to marvellous results. No straw is go small that

it may not point the receptive mnd of genius to new

and wonderful truths.

MAYER S PAPER OF 1842

The paper in which Mayer first gave expression to
his revolutionary ideas bore the title of "The Forces

of I norganic Nature," and was published in 1842. It
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is one of the gems of scientific literature, and fortunately

it is not too long to be quoted in its entirety.

Seldomif ever was a great revolutionary doctrine expounded

in briefer conpass:

"What are we to understand by 'forces'? and how

are different forces related to each other? The term
force conveys for the nost part the idea of sonething
unknown, unsearchabl e, and hypothetical; while the
termmatter, on the other hand, inplies the possession

by the object in question, of such definite properties as
wei ght and extension. An attenpt, therefore, to render
the idea of force equally exact with that of matter

is one which should be wel coned by all those who desire
to have their views of nature clear and unencunbered

by hypot hesi s.

"Forces are causes; and accordingly we may nmake

full application in relation to them of the principle
causa aequat effectum |If the cause ¢ has the effect e,
then ¢ = e; if, inits turn, e is the cause of a second
effect of f, we have e = f, and soon: ¢c =e =f ... =c.
In a series of causes and effects, a termor a part of a
termcan never, as is apparent fromthe nature of an
equation, become equal to nothing. This first property

of all causes we call their indestructibility.

"If the given cause ¢ has produced an effect e equa
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toitself, it has in that very act ceased to be--c has becone
e. If, after the production of e, c still remined

in the whole or in part, there nmust be still further
effects corresponding to this renmining cause: the tota
effect of ¢ would thus be > e, which would be contrary
to the supposition ¢ = e. Accordingly, since c becones
e, and e becones f, etc., we nust regard these

vari ous magnitudes as different forns under which

one and the sanme object nakes its appearance. This
capability of assum ng various forns is the second
essential property of all causes. Taking both properties
together, we nmmy say, causes an | NDESTRUCTI BLE

gquantitatively, and quantitatively CONVERTIBLE obj ects.

"There occur in nature two causes which apparently
never pass one into the other," said Mayer. "The

first class consists of such causes as possess the properties
of weight and inpenetrability. These are ki nds

of matter. The other class is conposed of causes

which are wanting in the properties just mentioned--

nanmely, forces, called al so i nponderables, fromthe

negati ve property that has been indicated. Forces are

t heref ore | NDESTRUCTI BLE, CONVERTI BLE, | MPONDERABLE OBJECTS.

"As an exanpl e of causes and effects, take matter:
expl osive gas, H+ O and water, HO are rel ated

to each other as cause and effect; therefore H+ O =
HO. But if H+ O becones HO, heat, cal., nakes its

appearance as well as water; this heat nust |ikew se
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have a cause, x, and we have therefore H+ O+ X =

HO + cal. It mght be asked, however, whether H+ O

is really = HO and x = cal., and not perhaps H+ O =

cal., and x = HO whence the above equation could

equal |y be deduced; and so in nmany other cases. The

phl ogi stic chemi sts recogni zed the equation between

cal. and x, or phlogiston as they called it, and in so doing
made a great step in advance; but they involved

thenmsel ves again in a system of mnistakes by putting

x in place of O In this way they obtained H =

HO + Xx.

"Chemistry teaches us that nmatter, as a cause, has

matter for its effect; but we may say with equal justification
that to force as a cause corresponds force as

effect. Since c = e, and e = ¢, it is natural to call one
termof an equation a force, and the other an effect of

force, or phenonenon, and to attach different notions

to the expression force and phenomenon. In brief,

then, if the cause is matter, the effect is matter; if the

cause is a force, the effect is also a force

"The cause that brings about the raising of a

weight is a force. The effect of the raised weight is,
therefore, also a force; or, expressed in a nore genera
form SEPARATION I N SPACE OF PONDERABLE OBJECTS IS A
FORCE; and since this force causes the fall of bodies, we

call it FALLING FORCE. Falling force and fall, or, still nore
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generally, falling force and notion, are forces related
to each other as cause and effect--forces convertible
into each other--two different forns of one and the

same object. For exanple, a weight resting on the

ground is not a force: it is neither the cause of npotion
nor of the Iifting of another weight. It becones so,
however, in proportion as it is raised above the ground.
The cause--that is, the distance between a wei ght and
the earth, and the effect, or the quantity of notion
produced, bear to each other, as shown by nechanics,

a constant relation.

"Gravity being regarded as the cause of the falling

of bodies, a gravitating force is spoken of; and thus the

i deas of PROPERTY and of FORCE are confounded w th each
other. Precisely that which is the essential attribute

of every force--that is, the UNION of indestructibility
with convertibility--is wanting in every property:

between a property and a force, between gravity and

notion, it is therefore inpossible to establish the equation
required for a rightly conceived causal relation

If gravity be called a force, a cause is supposed which
produces effects without itself dimnishing, and incorrect
conceptions of the causal connections of things

are thereby fostered. In order that a body may fall, it

is just as necessary that it be lifted up as that it should
be heavy or possess gravity. The fall of bodies,

t herefore, ought not to be ascribed to their gravity

al one. The problem of nmechanics is to develop the

Get any book for free on: www.Abika.com



History of Science

equati ons which subsist between falling force and
nmotion, nmotion and falling force, and between different
notions. Here is a case in point: The magnitude

of the falling force v is directly proportiona

(the earth's radi us being assuned--o00) to the magnitude
of the mass m and the height d, to which it is
raised--that is, v = nd. If the height d =1, to

which the mass mis raised, is transformed into the
final velocity ¢ =1 of this mass, we have also v = nt;
but fromthe known rel ations existing between d and c,

it results that, for other values of d or of c, the neasure

of the force v is nt squared; accordingly v = nd = ntsquar ed.

| aw of the conservation of vis viva is thus found to
be based on the general |aw of the indestructibility of

causes.

“I'n many cases we see notion cease w thout having
caused another nmotion or the lifting of a weight. But

a force once in existence cannot be annihilated--it can
only change its form And the question therefore

ari ses, what other forms is force, which we have becone
acquainted with as falling force and noti on,

capabl e of assum ng? Experience alone can |lead us to

a conclusion on this point. That we may experi nent

to advantage, we nust select inplenments which, besides
causing a real cessation of notion, are as little as
possible altered by the objects to be exam ned. For

exanple, if we rub together two netal plates, we see
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noti on di sappear, and heat, on the other hand, nmake

its appearance, and there remains to be determ ned only
whet her MOTION is the cause of heat. In order to reach

a decision on this point, we nust discuss the question
whet her, in the numberl ess cases in which the expenditure
of notion is acconpani ed by the appearance of

heat, the motion has not some other effect than the
producti on of heat, and the heat some other cause

than the notion.

"A serious attenpt to ascertain the effects of ceasing
noti on has never been made. Wthout wishing to

exclude a priori the hypothesis which it my be possible
to establish, therefore, we observe only that, as a
rule, this effect cannot be supposed to be an alteration
in the state of aggregation of the noved (that is,
rubbing, etc.) bodies. If we assume that a certain
quantity of motion v is expended in the conversion of

a rubbing substance minto n, we nust then have

m+ v - n, and nh = m+ v; and when n is reconverted

into m v nust appear again in some form or other

By the friction of two netallic plates continued for a
very long time, we can gradually cause the cessation

of an i mense quantity of novenent; but would it

ever occur to us to look for even the smallest trace of
the force which has di sappeared in the netallic dust
that we could collect, and to try to regain it thence?

We repeat, the notion cannot have been anni hil ated,;
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and contrary, or positive and negative, nptions cannot
be regarded as = o any nobre than contrary notions
can conme out of nothing, or a weight can raise

itsel f.

"Wthout the recognition of a causal relation between
notion and heat, it is just as difficult to explain

the production of heat as it is to give any account of
the notion that disappears. The heat cannot be derived
fromthe dimnution of the volunme of the rubbing
substances. It is well known that two pieces of ice

may be nelted by rubbing themtogether in vacuo; but

I et any one try to convert ice into water by pressure,
however enornmous. The author has found that water
undergoes a rise of tenperature when shaken violently.
The water so heated (fromtwelve to thirteen degrees
centigrade) has a greater bulk after being shaken than
it had before. Whence now cones this quantity of

heat, which by repeated shaking may be called into

exi stence in the sanme apparatus as often as we please?
The vibratory hypothesis of heat is an approach towards
the doctrine of heat being the effect of notion

but it does not favor the adm ssion of this causal relation
inits full generality. It rather lays the chief

stress on restless oscillations.

"If it be considered as now established that in many

cases no other effect of notion can be traced except
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heat, and that no other cause than notion can be found
for the heat that is produced, we prefer the assunption
that heat proceeds fromnotion to the assunption

of a cause without effect and of an effect without

a cause. Just as the chem st, instead of allow ng
oxygen and hydrogen to di sappear without further

i nvestigation, and water to be produced in sone

i nexpl i cabl e manner, establishes a connection between
oxygen and hydrogen on the one hand, and water on

t he ot her.

"W nmay conceive the natural connection existing
between falling force, notion, and heat as foll ows:

We know t hat heat nmekes its appearance when the
separate particles of a body approach nearer to each

ot her; condensati on produces heat. And what applies

to the smallest particles of matter, and the snall est
intervals between them nust also apply to large

masses and to measurabl e distances. The falling of a
weight is a dimnution of the bulk of the earth, and
nmust therefore without doubt be related to the quantity
of heat thereby devel oped; this quantity of heat

nmust be proportional to the greatness of the weight

and its distance fromthe ground. Fromthis point of
view we are easily led to the equations between falling

force, notion, and heat that have al ready been di scussed.

"But just as little as the connection between falling

force and notion authorizes the conclusion that the
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essence of falling force is notion, can such a concl usion
be adopted in the case of heat. W are, on the contrary,
rather inclined to infer that, before it can

becorme heat, notion nmust cease to exist as notion

whet her sinple, or vibratory, as in the case of |ight

and radi ant heat, etc.

"If falling force and notion are equival ent to heat,

heat nmust also naturally be equivalent to notion and
falling force. Just as heat appears as an EFFECT of the
di m nution of bulk and of the cessation of notion, so

al so does heat di sappear as a CAUSE when its effects are
produced in the shape of nption, expansion, or raising

of wei ght.

“In water-nmlls the continual dimnution in bulk

whi ch the earth undergoes, owing to the fall of the
water, gives rise to notion, which afterwards di sappears
again, calling forth unceasingly a great quantity

of heat; and, inversely, the steamengi ne serves to
deconpose heat again into notion or the raising of

wei ghts. A loconotive with its train may be conpared

to a distilling apparatus; the heat applied under

t he boil er passes off as notion, and this is deposited

again as heat at the axles of the wheels."

Mayer then closes his paper with the foll ow ng deduction:

"The solution of the equations subsisting between
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falling force and notion requires that the space

fallen through in a given time--e. g., the first second--
shoul d be experinentally determned. In |like manner,

the solution of the equations subsisting between falling
force and nmotion on the one hand and heat on the

other requires an answer to the question, How great

is the quantity of heat which corresponds to a given
quantity of motion or falling force? For instance,

we nust ascertain how high a given weight requires to

be raised above the ground in order that its falling
force maybe equivalent to the raising of the tenperature
of an equal weight of water from O degrees to 1 degrees
centigrade. The attenpt to show that such an

equation is the expression of a physical truth may

be regarded as the substance of the foregoing remarks.

"By applying the principles that have been set forth
to the relations subsisting between the tenperature

and the volune of gases, we find that the sinking of a
mercury colum by which a gas is conmpressed is equival ent
to the quantity of heat set free by the conpression

and hence it follows, the ratio between the capacity
for heat of air under constant pressure and its capacity
under constant vol ume being taken as = 1.421
that the warm ng of a given weight of water from

0 degrees to 1 degrees centigrade corresponds to the fall of
equa
wei ght from the hei ght of about three hundred and

sixty-five netres. If we conpare with this result the
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wor ki ng of our best steam engines, we see how small a
part only of the heat applied under the boiler is really
transforned into notion or the raising of weights; and
this may serve as justification for the attenpts at the
profitabl e production of notion by some other nethod
than the expenditure of the chemical difference between
carbon and oxygen--nore particularly by the
transformation into notion of electricity obtained by

chem cal neans."[ 1]

MAYER AND HELMHOLTZ

Here, then, was this obscure German physician, |eading
the humdrumlife of a village practitioner, yet
seei ng such visions as no human being in the world had

ever seen before.

The great principle he had di scovered becane the

dom nating thought of his life, and filled all his |eisure
hours. He applied it far and wide, anmid all the phenonena
of the inorganic and organic worlds. It taught

hi mthat both vegetabl es and ani mal s are machi nes,

bound by the sane |aws that hold sway over inorganic
matter, transform ng energy, but creating nothing.

Then his mind reached out into space and net a universe
made up of questions. Each star that blinked

down at himas he rode in answer to a night-call seened
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an interrogation-point asking, How do | exist? Wy

have | not |ong since burned out if your theory of
conservation be true? No one had hitherto even tried

to answer that question; few had so nmuch as realized
that it demanded an answer. But the Heil bronn physician
under st ood the question and found an answer.

Hi s neteoric hypothesis, published in 1848, gave for the
first tine a tenable explanation of the persistent |ight

and heat of our sun and the nyriad other suns--an

expl anation to which we shall recur in another connection

Al this time our isolated philosopher, his brain aflane
with the glow of creative thought, was quite unaware
that any one else in the world was working al ong the
same lines. And the outside world was equally heedl ess
of the work of the Heil bronn physician. There

was no friend to inspire enthusiasmand gi ve courage,

no kindred spirit to react on this masterful but |onely
mnd. And this is the nore remarkabl e because there

are few other cases where a master-originator in science
has come upon the scene except as the pupil or friend

of sone other master-originator. Of the nmen we have
noticed in the present connection, Young was the friend
and confrere of Davy; Davy, the protege of Runford,
Faraday, the pupil of Davy; Fresnel, the co-worker

with Arago; Colding, the confrere of Qersted; Joul e,

the pupil of Dalton. But Mayer is an isolated
phenonenon--one of the | one nmountain-peak intellects of

the century. That estimate may be exaggerat ed
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whi ch has called himthe Galileo of the nineteenth
century, but surely no | ukewarm prai se can do him

justice.

Yet for a long time his work attracted no attention

what ever. I n 1847, when another Gernman physician

Her mann von Hel mholtz, one of the npbst nassive and
towering intellects of any age, had been independently

Il ed to conprehension of the doctrine of the conservation
of energy and published his treatise on the subject, he
had hardly heard of his countryman Mayer. When he

did hear of him however, he hastened to renounce al
claimto the doctrine of conservation, though the

world at large gives himcredit of independent even

t hough subsequent di scovery.

JOULE' S PAPER OF 1843

Meantime, in England, Joule was going on from one
experinmental denonstration to another, oblivious of his
German conpetitors and alnost as little noticed by his

own countrynmen. He read his first paper before the

chemical section of the British Association for the
Advancenent of Science in 1843, and no one heeded it in

the least. It is well worth our while, however, to

consider it at length. It bears the title, "On the Calorific

Ef fects of Magneto-Electricity, and the Mechanica

Get any book for free on: www.Abika.com



History of Science 326

Val ue of Heat." The full text, as published in the

Report of the British Association, is as follows:

"Al t hough it has been | ong known that fine platinum
wire can be ignited by magneto-electricity, it

still remained a matter of doubt whether heat was
evolved by the COLS in which the magneto-electricity
was generated; and it seened i ndeed not unreasonabl e
to suppose that COLD was produced there in order to
make up for the heat evolved by the other part of the
circuit. The author therefore has endeavored to clear
up this uncertainty by experinment. H s apparatus

consi sted of a small conpound el ectro-nmagnet, i mrersed
in water, revolving between the poles of a powerfu
stationary magnet. The magneto-electricity devel oped
in the coils of the revolving el ectro-magnet

was neasured by an accurate gal vanoneter; and the
tenperature of the water was taken before and after
each experinment by a very delicate thernoneter.

The influence of the tenperature of the surrounding

at nospheric air was guarded agai nst by covering the
revolving tube with flannel, etc., and by the adoption
of a system of interpolation. By an extensive series
of experinments with the above apparatus the author
succeeded in proving that heat is evolved by the coils
of the nagneto-electrical nmachine, as well as by any
other part of the circuit, in proportion to the resistance
to conduction of the wire and the square of the

current; the magneto havi ng, under conparable
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ci rcunst ances, the sanme calorific power as the voltaic

electricity.

"Professor Jacobi, of St. Petersburg, bad shown that

the notion of an el ectro-magnetic machi ne generates
magnet o-el ectricity in opposition to the voltaic current
of the battery. The author had observed the

same phenonenon on arranging his apparatus as an

el ectro-magneti ¢ machi ne; but had found that no additiona
heat was evol ved on account of the conflict of

forces in the coil of the electro-magnet, and that the
heat evolved by the coil remmi ned, as before, proportiona
to the square of the current. Again, by turning

the machine contrary to the direction of the attractive
forces, so as to increase the intensity of the voltaic current
by the assistance of the magneto-electricity, he

found that the evolution of heat was still proportiona

to the square of the current. The author discovered,
therefore, that the heat evolved by the voltaic current
is invariably proportional to the square of the current,
however the intensity of the current nmay be varied

by magnetic i nduction. But Dr. Faraday has shown

that the chemical effects of the current are sinply as
its quantity. Therefore he concluded that in the electro-
magnetic engine a part of the heat due to the

chemi cal actions of the battery is lost by the circuit,
and converted into mechani cal power; and that when

the el ectro-magnetic engine is turned CONTRARY to the
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direction of the attractive forces, a greater quantity

of heat is evolved by the circuit than is due to the

chem cal reactions of the battery, the over-plus quantity
bei ng produced by the conversion of the nechanica

force exerted in turning the machine. By a dynamponetrica
apparatus attached to his nachine, the

aut hor has ascertained that, in all the above cases, a
gquantity of heat, capable of increasing the tenperature
of a pound of water by one degree of Fahrenheit's

scale, is equal to the nmechanical force capable of raising
a wei ght of about eight hundred and thirty pounds

to the height of one foot."[2]

JOULE OR MAYER?

Two years later Joule wi shed to read another paper

but the chairman hinted that tine was linmted, and
asked himto confine hinself to a brief verbal synopsis
of the results of his experinents. Had the chairman

but known it, he was curtailing a paper vastly nore

i mportant than all the other papers of the neeting put
t oget her. However, the synopsis was given, and one

man was there to hear it who had the genius to appreciate
its inmportance. This was WIIliam Thonson, the

present Lord Kelvin, now known to all the world as
anong the greatest of natural philosophers, but then
only a novitiate in science. He came to Joule's aid,

started rolling the ball of controversy, and subsequently
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associated hinmself with the Manchester experinenter

in pursuing his investigations.

But nmeantinme the acknow edged | eaders of British

sci ence viewed the new doctri ne askance. Faraday,
Brewster, Herschel--those were the great names in
physics at that day, and no one of themcould quite
accept the new views regardi ng energy. For severa

years no ol der physicist, speaking with recognized
authority, came forward in support of the doctrine of
conservation. This culmnating thought of the first

hal f of the nineteenth century cane silently into the
wor | d, unheral ded and unopposed. The fifth decade

of the century had seen it el aborated and substantially
denonstrated in at least three different countries, yet
even the | eaders of thought did not so much as know

of its existence. In 1853 Whewel |, the historian of the
i nductive sciences, published a second edition of his
hi story, and, as Huxley has pointed out, he did not so
much as refer to the revol utioni zi ng thought which even

then was a full decade ol d.

By this tine, however, the battle was brew ng. The

ri sing generation saw the inportance of a | aw which

their elders could not appreciate, and soon it was noi sed
abroad that there were nore than one clainmant to the
honor of discovery. Chiefly through the efforts of

Prof essor Tyndall, the work of Mayer becanme known
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to the British public, and a npst regrettable controversy
ensued between the partisans of Mayer and those

of Joule--a bitter controversy, in which Davy's contention
that science knows no country was not always

regarded, and which left its scars upon the hearts and

m nds of the great men whose personal interests were

i nvol ved.

And so to this day the question who is the chief discoverer
of the |aw of the conservation of energy is not
suscepti bl e of a categorical answer that would satisfy al
phil osophers. It is generally held that the first choice
lies between Joule and Mayer. Professor Tyndall has
expressed the belief that in future each of these nen
will be equally remenbered in connection with this

wor k. But history gives us no warrant for such a hope.
Posterity in the long run demands al ways that its heroes
shal |l stand al one. Wo renmenbers now t hat

Robert Hooke contested with Newton the discovery

of the doctrine of universal gravitation? The judgment

of posterity is unjust, but it is inexorable. And

so we can |little doubt that a century from now one

name will be nentioned as that of the originator of the
great doctrine of the conservation of energy. The man
whose name is thus renenbered will perhaps be spoken

of as the Galileo, the Newton, of the nineteenth century;
but whether the name thus dignified by the fina

verdict of history will be that of Colding, Mbhr, Myer,

Hel mhol tz, or Joule, is not as, yet decided.
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LORD KELVI N AND THE DI SSI PATI ON OF ENERGY

The gradual perneation of the field by the great
doctrine of conservation sinply repeated the history

of the introduction of every novel and revol utionary

t hought. Necessarily the el der generation, to whom

all forns of energy were inponderable fluids, mnmust pass
away before the new conception could claimthe field.
Even the word energy, though Young had introduced

it in 1807, did not cone into general use till sonme tine
after the mddle of the century. To the generality of
phi | osophers (the word physicist was even less in favor
at this time) the various forns of energy were stil
subtile fluids, and never was idea relinquished with
greater unwillingness than this. The experinents of

Young and Fresnel had convinced a | arge nunber of

phi |l osophers that light is a vibration and not a substance;

but so great an authority as Biot clung to the

old em ssion idea to the end of his |life, in 1862, and held

a follow ng.

Meanti me, however, the conpany of brilliant young
men who had just served their apprenticeship when the
doctrine of conservation canme upon the scene had
grown into authoritative positions, and were battling

actively for the new ideas. Confirmatory evidence
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that energy is a nolecular notion and not an

"i mponderabl e" form of matter accunul ated day by day.
The experinments of two Frenchnen, Hippolyte L

Fi zeau and Leon Foucault, served finally to convince
the last lingering sceptics that light is an undul ation;
and by inplication brought heat into the sanme category,
since Janes David Forbes, the Scotch physicist,

had shown in 1837 that radiant heat conforns to the
sanme | aws of polarization and double refraction that
govern light. But, for that matter, the experinents
that had established the mechanical equival ent of heat
hardly left roomfor doubt as to the immteriality

of this "inponderable." Doubters had indeed, expressed
scepticismas to the validity of Joule's experinents,
but the further researches, experinental and

mat hemati cal, of such workers as Thonson (Lord Kel vin),
Ranki ne, and Tyndall in Great Britain, of Helnmholtz
and Clausius in Germany, and of Regnault in

France, dealing with various manifestations of heat,

pl aced the evidence beyond the reach of criticism

Qut of these studies, just at the nmiddle of the century,
to which the experinments of Mayer and Joul e had

| ed, grew the new science of thernmo-dynam cs. Qut of
them also grewin the m nd of one of the investigators
a new generalization, only second in inportance to the
doctrine of conservation itself. Professor WIIliam
Thomson (Lord Kelvin) in his studies in thernodynam cs

was early inpressed with the fact that
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whereas all the nmolar notion devel oped through | abor
or gravity could be converted into heat, the process is
not fully reversible. Heat can, indeed, be converted
into nolar notion or work, but in the process a certain
anount of the heat is radiated into space and |lost. The

same thing happens whenever any other form of energy

is converted into nolar nmotion. Indeed, every transmutation

of energy, of whatever character, seens conplicated
by a tendency to devel op heat, part of which

is lost. This observation | ed Professor Thonson to his

doctrine of the dissipation of energy, which he fornul ated

before the Royal Society of Edi nburgh in 1852,

and published also in the Philosophical Magazine the
sanme year, the title borne being, "On a Universa
Tendency in Nature to the Dissipation of Mechanica

Energy. "

From the principle here expressed Professor Thonmson

drew the startling conclusion that, "since any restoration

of this nmechani cal energy w thout nore than

an equival ent dissipation is inpossible," the universe,
as known to us, must be in the condition of a machine
gradual ly running down; and in particular that the
world we live on has been within a finite tine unfit for
human habitation, and nust again becone so within a
finite future. This thought seens such a conmonpl ace

to-day that it is difficult to realize how startling

it appeared half a century ago. A generation trained, as
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ours has been, in the doctrines of the conservation and
di ssi pation of energy as the very al phabet of physica
science can but ill appreciate the nental attitude of a
generation which for the nost part had not even

t hought it problematical whether the sun could continue
to give out heat and light forever. But those

advance thi nkers who had grasped the inport of the
doctrine of conservation could at once appreciate the
force of Thonson's doctrine of dissipation, and realize

the conpl enentary character of the two conceptions.

Here and there a thinker |ike Rankine did, indeed,
attenpt to fancy conditions under which the energy | ost
t hrough di ssipation nmight be restored to availability,
but no such effort has net with success, and in tinme
Prof essor Thonson's generalization and his concl usi ons
as to the consequences of the law involved cane to be

uni versal ly accept ed.

The introduction of the new views regarding the nature

of energy followed, as | have said, the course of

every other growh of new ideas. Young and i nmmginative

men coul d accept the new point of view, older philosophers,
their m nds channelled by preconceptions,

could not get into the new groove. So strikingly true

is this in the particular case now before us that it is

worth while to note the ages at the tine of the revolutionary
experinments of the nmen whose work has been

menti oned as entering into the scheme of evolution of
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the idea that energy is nmerely a manifestation of matter
in nmotion. Such a list will tell the story better

than a volune of commentary.

Qbserve, then, that Davy made his epochal experinment

of nelting ice by friction when he was a youth of
twenty. Young was no ol der when he nmade his first
communi cation to the Royal Society, and was in his
twenty-seventh year when he first actively espoused
the undul atory theory. Fresnel was twenty-six when

he made his first inportant discoveries in the sane
field; and Arago, who at once became his chanpion,

was then but two years his senior, though for a decade
he had been so fanous that one involuntarily thinks of

hi m as belonging to an el der generation

Forbes was under thirty when he di scovered the polarization

of heat, which pointed the way to Mohr, then

thirty-one, to the nechanical equivalent. Joule was
twenty-two in 1840, when his great work was begun;

and Mayer, whose di scoveries date fromthe sane year,

was then twenty-six, which was al so the age of Hel nholtz
when he published his independent discovery of

the sane law. WIIliam Thonson was a youth just past

his majority when he cane to the aid of Joule before

the British Society, and but seven years ol der when he
formul ated his own doctrine of the dissipation of energy.

And Cl ausi us and Ranki ne, who are usually nentioned
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with Thonson as the great devel opers of thernop-dynam cs
were both far advanced with their novel studies

before they were thirty. Wth such a list in mnd, we
may well agree with the father of inductive science
that "the man who is young in years nmay be old in

hours. "

Yet we must not forget that the shield has a reverse
side. For was not the greatest of observing astronomers,
Herschel , past thirty-five before he ever saw a

tel escope, and past fifty before he discovered the heat
rays of the spectrun? And had not Faraday reached

mddle |life before he turned his attention especially to
electricity? Clearly, then, to make this phrase conplete,
Bacon shoul d have added that "the man who is

old in years nmay be young in imagination." Here,

however, even nore appropriate than in the other case
--nmore's the pity--would have been the application

of his qualifying clause: "but that happeneth rarely."

THE FI NAL UNI FI CATI ON

There are only a few great generalizations as yet

t hought out in any single field of science. Naturally,

then, after a great generalization has found definitive
expression, there is a period of lull before another forward
nmove. In the case of the doctrines of energy, the

lull has lasted half a century. Throughout this period,
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it is true, a nultitude of workers have been delving in
the field, and to the casual observer it mght seemas if
their activity had been boundl ess, while the practica
applications of their ideas--as exenplified, for exanple,
in the tel ephone, phonograph, electric light, and so on
--have been little |l ess than revolutionary. Yet the

nost conpetent of living authorities, Lord Kelvin,

could assert in 1895 that in fifty years he had | earned

not hi ng new regardi ng the nature of energy.

This, however, nust not be interpreted as neaning

that the world has stood still during these two generations.

It means rather that the rank and file have been
nmovi ng forward along the road the | eaders had al ready
travelled. Only a few nen in the world had the range

of thought regarding the new doctrine of energy that
Lord Kelvin had at the niddle of the century. The

few | eaders then saw clearly enough that if one form of
energy is in reality merely an undul ation or vibration
anong the particles of "ponderable"” matter or of ether
all other manifestations of energy nust be of the sane
nature. But the rank and file were not even within
sight of this truth for a long tine after they had partly

grasped the nmeani ng of the doctrine of conservation

When, late in the fifties, that marvell ous young Scot chman

James Cl erk-Maxwel |, fornulating in other words

an idea of Faraday's, expressed his belief that electricity

and magnetism are but manifestations of various
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conditions of stress and notion in the ethereal medium
(electricity a displacement of strain, magnetisma whir
in the ether), the idea met with no i medi ate popul arity.
And even less cordial was the reception given the

same thinker's theory, put forward in 1863, that the

et hereal undul ati ons produci ng the phenonmenon we cal
light differ in no respect except in their wave-Ilength

fromthe pul sations of el ectro-nmagnetism

At about the sanme time Helmholtz fornul ated a

somewhat simlar electro-magnetic theory of |ight; but

even the weight of this conbined authority could not

gi ve the doctrine vogue until very recently, when the
experiments of Heinrich Hertz, the pupil of Helnholtz,

have shown that a condition of electrical strain may be
devel oped into a wave system by recurrent interruptions

of the electric state in the generator, and that

such waves travel through the ether with the rapidity

of light. Since then the el ectro-magnetic theory of

I ight has been enthusiastically referred to as the greatest
generalization of the century; but the sober thinker

nmust see that it is really only what Hertz hinself

called it--one pier beneath the great arch of conservation.
It is an interesting detail of the architecture,

but the part cannot equal the size of the whole.

More than that, this particular pier is as yet by no
nmeans a very firmone. It has, indeed, been denonstrated

that waves of el ectro-nmagneti sm pass through
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space with the speed of light, but as yet no one has
devel oped el ectric waves even renotely approxi mati ng

the shortness of the visual rays. The npbst that can
positively be asserted, therefore, is that all the known
forms of radiant energy-heat, light, electro-nmagnetism -
travel through space at the same rate of speed,

and consist of traverse vibrations--"lateral quivers,"
as Fresnel said of light--known to differ in |ength,

and not positively known to differ otherw se. It has,

i ndeed, been suggested that the newest form of radiant

energy, the fampus X-ray of Professor Roentgen's discovery,

is a longitudinal vibration, but this is a nere
surm se. Be that as it may, there is no one now to

question that all forms of radiant energy, whatever

their exact affinities, consist essentially of undul atory

mot i ons of one uni form nedi um

A full century of experinment, calculation, and controversy

has thus sufficed to correlate the "inponderabl e
fluids" of our forebears, and reduce themall to

mani f estati ons of notion anobng particles of matter.
At first glinpse that seens an enornous change of
view. And yet, when closely considered, that change
in thought is not so radical as the change in phrase
m ght seemto inply. For the nineteenth-century

physi cist, in displacing the "inponderable fluids" of
many ki nds--one each for light, heat, electricity,

magneti sm-has been obliged to substitute for them one
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al |l -pervading fluid, whose various quivers, waves, ripples,

whirls or strains produce the manifestations

which in popular parlance are terned forns of force

This all-pervading fluid the physicist terms the ether

and he thinks of it as having no weight. In effect,

then, the physicist has di spossessed the nmany inponderabl es
in favor of a single inponderabl e--though the

word i nponder abl e has been bani shed from his vocabul ary.

In this view the ether--which, considered as

a recogni zed scientific verity, is essentially a nineteenth-
century discovery--is about the nost interesting thing

in the universe. Sonething nore as to its properties,

real or assumed, we shall have occasion to exam ne as

we turn to the obverse side of physics, which denmands

our attention in the next chapter

| X. THE ETHER AND PONDERABLE MATTER

"Whatever difficulties we may have in formng

a consistent idea of the constitution of the

ether, there can be no doubt that the interplanetary
and interstellar spaces are not enpty, but are occupied
by a material substance or body which is certainly the
| argest and probably the nobst uniform body of which

we have any know edge."

Such was the verdict pronounced some thirty years
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ago by Janes Cl erk-Maxwell, one of the very greatest
of nineteenth-century physicists, regarding the

exi stence of an all-pervading plenumin the universe,
in which every particle of tangible natter is

i mersed. And this verdict may be said to express

the attitude of the entire phil osophical world of our
day. Wthout exception, the authoritative physicists
of our tine accept this plenumas a verity, and reason
about it with sonething of the same confidence they
mani f est in speaking of "ponderable" matter or of,
energy. It is true there are those anong them who are
di sposed to deny that this all-pervading plenumnerits
the nane of matter. But that it is a sonething, and

a vastly inportant something at that, all are agreed.
Wthout it, they allege, we should know nothi ng of
light, of radiant heat, of electricity or magnetism
without it there would probably be no such thing as
gravitation; nay, they even hint that without this
strange sonet hing, ether, there would be no such
thing as matter in the universe. If these contentions
of the nodern physicist are justified, then this

i ntangi bl e ether is inconparably the nost inportant
as well as the "largest and nobst uniform substance or
body" in the universe. Its discovery may well be

| ooked upon as one of the npbst inportant feats of the

ni net eenth century.

For a discovery of that century it surely is, in the
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sense that all the known evidences of its existence were
gathered in that epoch. True dreaners of all ages

have, for netaphysical reasons, imagined the existence
of intangible fluids in space--they had, indeed, peopled
space several tines over with different kinds of

et hers, as Maxwel | remarks--but such vague dream ngs

no nore constituted the discovery of the nodern

et her than the dream of sone pre-Col unbi an vi sionary
that land mght |ie beyond the unknown waters constituted
t he discovery of America. In justice it nust

be adm tted that Huyghens, the seventeenth-century
originator of the undulatory theory of |ight, caught a
glinpse of the true ether; but his contenporaries and
sonme ei ght generations of his successors were utterly
deaf to his clains; so he bears practically the sane
relation to the nineteenth-century discoverers of ether

that the Norseman bears to Col unbus.

The true Col unbus of the ether was Thomas Young.

Hi s di scovery was consunmmated in the early days of

the nineteenth century, when he brought forward the

first, conclusive proofs of the undulatory theory of |ight.
To say that |ight consists of undulations is to postulate
somet hing that undul ates; and this sonmething could

not be air, for air exists only in infinitesinml quantity,
at all, in the interstellar spaces, through which |ight
freely penetrates. But if not air, what then? Wy,

clearly, sonething nmore intangible than air; sonething

supersensi ble, evading all direct efforts to detect it, yet
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exi sting everywhere in seenm ngly vacant space, and al so

i nterpenetrating the substance of all transparent |iquids
and solids, if not, indeed, of all tangi ble substances.
Thi s intangi bl e sonet hing Young rechristened

the Lum niferous Ether.

In the early days of his discovery Young thought of

t he undul ati ons whi ch produce |ight and radi ant heat as
bei ng | ongi tudi nal --a forward and backward pul sati on,
corresponding to the pul sations of sound--and as such

pul sati ons can be transmitted by a fluid mediumw th

the properties of ordinary fluids, he was justified in
thinking of the ether as being like a fluid in its properties,
except for its extrenme intangibility. But about

1818 the experinents of Fresnel and Arago with polarization
of light nade it seem very doubtful whether the

theory of longitudinal vibrations is sufficient, and it

was suggested by Young, and independently conceived

and denonstrated by Fresnel, that the [um niferous
undul ati ons are not |ongitudinal, but transverse; and

all the nmore recent experinents have tended to confirm
this view But it happens that ordinary fl uids--

gases and liquids--cannot transmt l|ateral vibrations;

only rigid bodies are capable of such a vibration. So it
became necessary to assunme that the |um niferous ether

is a body possessing elastic rigidity--a famliar property

of tangible solids, but one quite unknown anmong fl uids.
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The idea of transverse vibrations carried with it another

puzzl e.

Wy does not the ether,

when set

aquiver with the vibration which gives us the sensation

we call light, have produced

qui vers, setting out at
path of the original quiver?
seem not to exist,
corner; how explain their
thi nk of but one way:
must fill

i nconpressible. It

they must assune that the ether

in its substance subordi nate

right angles fromthe

Such perpendi cul ar vibrations

el se we m ght see around a

absence? The physicist could

is

all space--at any rate, al

space wi th which human know edge deal s--perfectly full

These properties of the ether,

elastic rigidity,

but difficulties of thought appear when we refl ect

anot her

nanmely, frictionlessness. By
i nconpr essi bl e body pervades
particle of tangible matter

the novenents of this matter
This is undoubtedly the npst

of the alleged properties of

qual ity which the ether

i nconpressibility and

are quite conceivable by thensel ves;

upon
clearly nust possess--
hypot hesis this rigid,

al

space, inbeddi ng every

yet it seens not to retard
in the slightest degree.
difficult to conprehend

the ether. The physici st

explains it as due to the perfect elasticity of the ether

in virtue of which it cl oses

in behind a nmoving particle

with a push exactly counterbal ancing the stress required

to penetrate it in front.

To a person unaccustoned to think of seem ngly

solid matter

as really conposed of particles relatively
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wi de apart, it is hard to understand the cl ai mthat

et her penetrates the substance of solids--of glass, for
exanpl e--and, to use Young's expression, which we

have previously quoted, noves anmong them as freely

as the wind noves through a grove of trees. This

t hought, however, presents few difficulties to the nmnd
accustoned to phil osophical speculation. But the
guestion early arose in the mnd of Fresnel whether

the ether is not considerably affected by contact with
the particles of solids. Sone of his experinents |ed
himto believe that a portion of the ether which penetrates
anong the nol ecul es of tangible matter is held

captive, so to speak, and nade to nobve along with

these particles. He spoke of such portions of the ether
as "bound" ether, in contradistinction to the great
mass of "free" ether. Half a century after Fresnel's
deat h, when the ether hypothesis had becone an accepted
tenet of science, experinments were undertaken

by Fizeau in France, and by C erk-Maxwel |l in Engl and,
to ascertain whether any portion of ether is

really thus bound to particles of matter; but the results
of the experinments were negative, and the question

is still undeterm ned.

While the undulatory theory of light was still fighting
its way, another kind of evidence favoring the existence
of an ether was put forward by M chael Faraday, who,

in the course of his experiments in electrical and magnetic
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i nduction, was led nore and nore to perceive definite
lines or channels of force in the nedium subject to

el ectro-magnetic i nfluence. Faraday's mnd, |ike that

of Newton and many ot her phil osophers, rejected the

i dea of action at a distance, and he felt convinced that
t he phenonena of nmagneti sm and of electric induction
told strongly for the existence of an invisible plenum
everywhere in space, which mght very probably be

the sane plenumthat carries the undul ati ons of |ight

and radi ant heat.

Then, about the nmiddle of the century, cane that fina
revol ution of thought regarding the nature of energy

whi ch we have already outlined in the preceding chapter,
and with that the case for ether was considered to

be fully established. The idea that energy is nerely a
"nmode of notion" (to adopt Tyndall's famliar phrase),
combi ned with the universal rejection of the notion of
action at a distance, made the acceptance of a plenum

t hroughout space a necessity of thought--so, at any
rate, it has seened to nost physicists of recent decades.
The proof that all known forms of radiant energy

nmove through space at the sane rate of speed is

regarded as practically a denonstration that but one

pl enum -one ether--is concerned in their transm ssion.
It has, indeed, been tentatively suggested, by Professor
J. Oiver Lodge, that there may be two ethers,
representing the two opposite kinds of electricity, but

even the author of this hypothesis would hardly claim
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for it a high degree of probability.

The npst recent specul ations regarding the properties

of the ether have departed but little fromthe early

i deas of Young and Fresnel. It is assunmed on all sides
that the ether is a continuous, inconpressible body,
possessing rigidity and elasticity. Lord Kelvin has

even cal cul ated the probable density of this ether, and
its coefficient of rigidity. As m ght be supposed, it is
all but infinitely tenuous as conpared with any tangible
solid, and its rigidity is but infinitesinml as conpared
with that of steel. In a word, it conbines properties

of tangible matter in a way not known in any tangible
substance. Therefore we cannot possibly conceive its
true condition correctly. The nearest approxi mation,
according to Lord Kelvin, is furnished by a nmould of
transparent jelly. It is a crude, inaccurate anal ogy, of
course, the density and resistance of jelly in particular
being utterly different fromthose of the ether; but the
qui vers that run through the jelly when it is shaken

and the elastic tension under which it is placed when
its mass is twi sted about, furnish sonme analogy to the
quivers and strains in the ether, which are held to constitute

radi ant energy, magnetism and electricity.

The great physicists of the day being at one regarding

the exi stence of this all-pervading ether, it would

be a mani fest presunption for any one standi ng w thout
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the pale to challenge so firmy rooted a belief.

And, indeed, in any event, there seens little ground on
which to base such a challenge. Yet it may not be altogether
am ss to reflect that the physicist of to-day is

no nmore certain of his ether than was his predecessor

of the eighteenth century of the existence of certain

al | eged substances which he call ed phl ogiston, caloric,
corpuscles of light, and magnetic and electric fluids.

It would be but the repetition of history should it

chance that before the close of another century the

et her should have taken its place along with these di scarded
creations of the scientific imagination of earlier
generations. The phil osopher of to-day feels very sure

that an ether exists; but when he says there is "no
doubt™ of its existence he speaks incautiously, and
steps beyond the bounds of denobnstration. He does

not KNOWt hat action cannot take place at a distance;

he does not KNOWthat enpty space itself may not perform

the functions which he ascribes to his space-filling

et her.

Meanti me, however, the ether, be it substance or be

it only dreamstuff, is serving an admirable purpose in
furnishing a fulcrumfor nodern physics. Not al one

to the student of energy has it proved inval uable, but to
the student of matter itself as well. Qut of its hypothetica
m stiness has been reared the nost tenable

theory of the constitution of ponderable matter which

has yet been suggested--or, at any rate, the one that
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will stand as the definitive nineteenth-century guess at
this "riddle of the ages.” | nean, of course, the vortex
theory of atons--that profound and fascinating doctrine
whi ch suggests that matter, in all its multiform

phases, is neither nore nor |less than ether in notion

The author of this wonderful conception is Lord Kelvin.
The idea was born in his mnd of a happy union

of mat hematical cal cul ations with concrete experinents.
The mat hemati cal cal cul ati ons were |argely

the work of Hermann von Hel mhol tz, who, about the

year 1858, had undertaken to solve some uni que problens
in vortex notions. Helmholtz found that a vortex

whirl, once established in a frictionless nedium

must go on, theoretically, unchanged forever. In a
limted medi um such a whirl may be V-shaped, with

its ends at the surface of the nmedium W nmay imtate
such a vortex by drawing the bow of a spoon

qui ckly through a cup of water. But in a limtless
medi um t he vortex whirl nust always be a closed ring,
which nay take the sinple formof a hoop or circle, or
whi ch nmay be indefinitely contorted, |ooped, or, so to

speak, knotted. Whether sinple or contorted, this

endl ess chain of whirling matter (the particles revolving

about the axis of the |loop as the particles of a string
revol ve when the string is rolled between the fingers)
must, in a frictionless medium retain its formand

whirl on with undi m ni shed speed forever.
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VWil e these theoretical calculations of Hel mholtz

were fresh in his mnd, Lord Kelvin (then Sir WIlliam
Thonmson) was shown by Professor P. G Tait, of Edinburgh
an apparatus constructed for the purpose of

creating vortex rings in air. The apparatus, which

any one may duplicate, consisted sinply of a box with

a hole bored in one side, and a piece of canvas stretched
across the opposite side in |ieu of boards. Funes of

chl oride of ammoni a are generated within the box,

nmerely to render the air visible. By tapping with the
band on the canvas side of the box, vortex rings of the
clouded air are driven out, precisely simlar in appearance
to those snoke-rings which sone expert tobacco-

snmokers can produce by tapping on their cheeks, or to
those | arger ones which we sonetinmes see bl own out

fromthe funnel of a | oconptive.

The advantage of Professor Tait's apparatus is its
manageabl eness and the certainty with which the desired
result can be produced. Before Lord Kelvin's interested
observation it threw out rings of various sizes,

whi ch noved strai ght across the roomat varying rates

of speed, according to the initial inpulse, and which behaved

very strangely when coming in contact with one

another. If, for exanple, a rapidly noving ring overtook
anot her nmoving in the sane path, the one in advance
seenmed to pause, and to spread out its periphery

like an el astic band, while the pursuer seened to contract,
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till it actually slid through the orifice of the other
after which each ring resuned its original size, and
continued its course as if nothing had happened. Wen,

on the other hand, two rings noving in slightly different
di rections canme near each other, they seened to

have an attraction for each other; yet if they inpinged,

t hey bounded away, quivering |like elastic solids. If

an effort were made to grasp or to cut one of these rings,
the subtle thing shrank fromthe contact, and slipped

away as if it were alive

And all the while the body which thus conducted

itself consisted sinply of a whirl in the air, made visible,
but not otherw se influenced, by snoky funes.

Presently the friction of the surrounding air wore the

ring away, and it faded into the general atnosphere--

of ten, however, not until it had persisted for many seconds,
and passed clear across a large room Clearly, if

there were no friction, the ring's inertia nust make it a
permanent structure. Only the frictionless nedi um

was |acking to fulfil all the conditions of Helnmholtz's

i ndestructible vortices. And at once Lord Kel vin bethought
himof the frictionless nmedi um which physicists

had now begun to accept--the all-pervading ether

What if vortex rings were started in this ether, nust

they not have the properties which the vortex rings

in air had exhibited--inertia, attraction, elasticity?

And are not these the properties of ordinary tangible
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matter? Is it not probable, then, that what we cal
matter consists nerely of aggregations of infinitesinal

vortex rings in the ether?

Thus the vortex theory of atons took formin Lord
Kelvin's mnd, and its expression gave the world what
many phil osophers of our time regard as the nost

pl ausi bl e conception of the constitution of matter
hitherto fornmulated. It is only a theory, to be sure;

its author would be the | ast person to claimfinality for
it. "It is only a dream"™ Lord Kelvin said to ne, in
referring to it not long ago. But it has a basis in

mat hemati cal cal cul ati on and i n anal ogi cal experi nent
such as no other theory of matter can lay claimto, and
it has a unifying or nonistic tendency that makes it,

for the philosophical mnd, little | ess than fascinating.
True or false, it is the definitive theory of matter of the

twentieth century.

Quite aside fromthe question of the exact constitution

of the ultimate particles of matter, questions as to

the distribution of such particles, their mutual relations,
properties, and actions, cane in for a full share

of attention during the nineteenth century, though the
foundati ons for the nodern specul ati ons were furnished

in a previous epoch. The npst popul ar ei ghteent h-

century speculation as to the ultinmate constitution of
matter was that of the learned Italian priest, Roger

Joseph Boscovich, published in 1758, in his Theoria
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Phi | osophi ae Naturalis. "In this theory," according

to an early commentator, "the whole mass of which

the bodi es of the universe are conposed is supposed to
consi st of an exceedingly great yet finite nunber of
simpl e, indivisible, inextended atons. These atons

are endued by the Creator with REPULSI VE and ATTRACTI VE
forces, which vary according to the distance. At very
smal | distances the particles of matter repel each other
and this repul sive force increases beyond all limts as
t he di stances are dimnished, and will consequently
forever prevent actual contact. Wen the particles

of matter are renoved to sensible distances, the repulsive is
exchanged for an attractive force, which decreases
ininverse ratio with the squares of the distances,

and extends beyond the spheres of the npbst renote

conets."”

This conception of the atomas a nere centre of force
was hardly such as could satisfy any mind other than

t he metaphysical. No one made a conspi cuous attenpt

to i nprove upon the idea, however, till just at

the close of the century, when Hunphry Davy was | ed,

in the course of his studies of heat, to speculate as to
t he changes that occur in the intinmate substance of
matter under altered conditions of tenperature. Davy,

as we have seen, regarded heat as a mani festation of
notion among the particles of matter. As all bodies

with which we come in contact have sone tenperature,
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Davy inferred that the intimate particles of every substance
must be perpetually in a state of vibration.

Such vibrations, he believed, produced the "repul sive
force" which (in comopn with Boscovich) he adnitted

as holding the particles of natter at a di stance from

one another. To heat a substance neans nerely to

increase the rate of vibration of its particles; thus also,
plainly, increasing the repul sive forces and expandi ng

the bulk of the nass as a whole. If the degree of heat
applied be sufficient, the repul sive force nay becone
strong enough quite to overcone the attractive force,

and the particles will separate and tend to fly away

fromone another, the solid then becom ng a gas.

Not nmuch attention was paid to these very suggestive

i deas of Davy, because they were founded on the

i dea that heat is nerely a notion, which the scientific
world then repudi ated; but half a century |ater, when

the new theories of energy had nmade their way, there

came a revival of practically the sane ideas of the particles
of matter (nolecules they were now call ed)

whi ch Davy had advocated. Then it was that C ausius

in Germany and Cl erk-Maxwel |l in England took up

the investigation of what came to be known as the

ki netic theory of gases--the now famliar conception

that all the phenonena of gases are due to the helter-
skelter flight of the showers of wi dely separated nol ecul es
of which they are conposed. The specific idea

that the pressure or "spring” of gases is due to such
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nmol ecul ar i npacts was due to Daniel Bournelli, who
advanced it early in the eighteenth century. The idea,
then little noticed, had been revived about a century
later by WIIliam Herapath, and again with sonme success
by J. J. Waterston, of Bombay, about 1846; but it

gai ned no distinct footing until taken in hand by

Clausius in 1857 and by Cl erk-Maxwell in 1859.

The considerations that |ed C erk-Muxwell to take
up the conputations may be stated in his own words,
as fornmulated in a paper "On the Mitions and Col lisions

of Perfectly Elastic Spheres."

"So many of the properties of matter, especially

when in the gaseous form" he says, "can be deduced
fromthe hypothesis that their mnute parts are in

rapid notion, the velocity increasing with the tenperature,
that the precise nature of this notion becones

a subject of rational curiosity. Daniel Bournelli

Her apath, Joule, Kronig, Cl ausius, etc., have

shown that the relations between pressure, tenperature,

and density in a perfect gas can be expl ai ned by

supposing the particles to nove with uniformvelocities

in straight lines, striking against the sides of the containing
vessel and thus producing pressure. It is not

necessary to suppose each particle to travel to any

great distance in the sane straight line; for the effect

in producing pressure will be the same if the particles
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stri ke agai nst each other; so that the straight |ine
descri bed may be very short. M C ausius has determ ned
the nean length of path in terns of the average

of the particles, and the di stance between the centres
of two particles when the collision takes place. W

have at present no nmeans of ascertaining either of these
di stances; but certain phenonena, such as the interna
friction of gases, the conduction of heat through a gas,
and the diffusion of one gas through another, seemto
indicate the possibility of determining accurately the
mean | ength of path which a particle describes between
two successive collisions. In order to lay the
foundati on of such investigations on strict mechanica
principles, | shall denonstrate the |aws of notion of

an indefinite nunber of small, hard, and perfectly

el astic spheres acting on one another only during inpact.
If the properties of such a system of bodies are

found to correspond to those of gases, an inportant

physi cal analogy will be established, which my |ead

to nmore accurate know edge of the properties of matter.
If experinments on gases are inconsistent with the hypothesis
of these propositions, then our theory, though
consistent with itself, is proved to be incapabl e of
expl ai ni ng the phenonena of gases. In either case it is

necessary to follow out these consequences of the hypothesis.

"I nstead of saying that the particles are hard,
spherical, and elastic, we may, if we please, say the

particles are centres of force, of which the action is
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i nsensi bl e except at a certain very small distance,
when it suddenly appears as a repul sive force of very
great intensity. It is evident that either assunption
will lead to the sane results. For the sake of avoiding
the repetition of a | ong phrase about these repul sive
bodi es, | shall proceed upon the assunption of perfectly
el astic spherical bodies. If we suppose those

aggregat e mol ecul es whi ch nove together to have a
boundi ng surface which is not spherical, then the
rotatory notion of the systemw |l close up a certain
proportion of the whole vis viva, as has been shown by
Clausius, and in this way we nmay account for the val ue
of the specific heat being greater than on the nore

si npl e hypot hesi s. "[ 1]

The el aborate investigations of C erk-Muxwell served

not nmerely to substantiate the doctrine, but threw a

fl ood of light upon the entire subject of nolecular dynanics
Soon the physicists cane to feel as certain of

the exi stence of these showers of flying nol ecul es making

up a gas as if they could actually see and watch their

i ndi vi dual actions. Through study of the viscosity of
gases--that is to say, of the degree of frictional opposition
they show to an object noving through them or

to another current of gas--an idea was gained, with the

aid of mathematics, of the rate of speed at which the

particles of the gas are nmoving, and the nunber of collisions
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whi ch each particle must experience in a given

time, and of the length of the average free path traversed
by the nol ecul e between col lisions, These neasurements were
confirmed by study of the rate of diffusion

at which different gases m x together, and al so by

the rate of diffusion of heat through a gas, both these
phenonmena being chiefly due to the helter-skelter flight

of the nol ecul es.

It is sufficiently astonishing to be told that such
measurenents as these have been nmade at all, but the
astoni shnment grows when one hears the results. It appears
from Cl erk- Maxwel | ' s cal cul ations that the nean

free path, or distance traversed by the nol ecul es between
collisions in ordinary air, is about one-half-mllionth of
an inch; while the speed of the nolecules is such that
each one experiences about eight billions of collisions
per second! It would be hard, perhaps, to cite an
illustration showi ng the refinements of nodern physics
better than this; unless, indeed, one other result that
followed directly fromthese cal cul ati ons be consi dered
such--the feat, nanely, of neasuring the size of the

nol ecul es thensel ves. Clausius was the first to point

out how this m ght be done froma know edge of the

Il ength of free path; and the cal cul ati ons were nmade by
Loschm dt in Germany and by Lord Kelvin in England,

i ndependent|y.

The work is purely mathematical, of course, but the
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results are regarded as unassail abl e; indeed, Lord Kelvin
speaks of them as being absolutely denonstrative

within certain limts of accuracy. This does not nean,
however, that they show the exact di nensions of the

nol ecul e; it neans an estimate of the linmts of size

wi thin which the actual size of the nolecule may lie.
These limts, Lord Kelvin estimtes, are about the one-
ten-millionth of a centimetre for the nmaxi rum and the
one-one-hundred-nmillionth of a centinetre for the

m ni mum Such figures convey no particul ar meani ng

to our blunt senses, but Lord Kelvin has given a

tangible illustration that aids the imgination to at

| east a vague conprehensi on of the unthinkable small ness
of the nolecule. He estimates that if a ball, say

of water or glass, about "as large as a football, were to
be magnified up to the size of the earth, each constituent
nol ecul e being nagnified in the sane proportion,

the magni fied structure would be nore coarse-grained

than a heap of shot, but probably |ess coarse-grained

than a heap of footballs."

Several other nmethods have been enployed to estinmate

the size of nolecules. One of these is based upon

t he phenomena of contact electricity; another upon the
wave-theory of |ight; and another upon capillary attraction,
as shown in the tense filmof a soap-bubble!

No one of these nmethods gives results nore definite

than that due to the kinetic theory of gases, just outlined;
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but the inportant thing is that the results obtained

by these different nmethods (all of them due to

Lord Kelvin) agree with one another in fixing the

di mensi ons of the nolecule at somewhere about the

limts already nentioned. We may feel very sure indeed,
therefore, that the nolecules of matter are not the

unext ended, form ess points which Boscovich and his

foll owers of the eighteenth century thought them But

all this, it must be borne in mind, refers to the nol ecul e,
not to the ultimte particle of matter, about which we
shal |l have nore to say in another connection. Curiously
enough, we shall find that the |latest theories as

to the final termof the series are not so very far afield
fromthe dream ngs of the eighteenth-century phil osophers;
the electron of J. J. Thonpson shows nany

poi nts of resenblance to the form ess centre of Boscovich

What ever the exact form of the nolecule, its outline

is subject to incessant variation; for nothing in nolecular
science is regarded as nore firmy established than

that the nolecule, under all ordinary circunstances,

isin a state of intense but variable vibration. The
entire energy of a nolecule of gas, for exanple, is not
measured by its nmomentum but by this plus its energy

of vibration and rotation, due to the collisions already
referred to. Clausius has even estimated the

relative inmportance of these two quantities, show ng

that the translational nmotion of a nolecule of gas accounts

for only three-fifths of its kinetic energy. The
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total energy of the nolecule (which we call "heat")

i ncl udes al so another factor--nanely, potential energy,
or energy of position, due to the work that has been
done on expanding, in overcon ng external pressure,

and internal attraction between the nol ecul es thensel ves.
This potential energy (which will be recovered

when the gas contracts) is the "latent heat" of Black
which so long puzzl ed the philosophers. It is latent in
the sane sense that the energy of a ball thrown into

the air is latent at the nonent when the ball poises at

its greatest height before beginning to fall

It thus appears that a variety of notions, real and
potential, enter into the production of the condition

we termheat. It is, however, chiefly the translationa
notion which is neasurable as tenperature; and this,

t oo, which nost obviously determ nes the physica

state of the substance that the nol ecules collectively
conmpose--whether, that is to say, it shall appear to

our blunt perceptions as a gas, a liquid, or a solid. In
the gaseous state, as we have seen, the translationa
notion of the nolecules is relatively enornous, the

nmol ecul es being widely separated. It does not foll ow,

as we fornerly supposed, that this is evidence of a repul sive
power acting between the nol ecul es. The physicists

of to-day, headed by Lord Kelvin, decline to

recogni ze any such power. They hold that the nol ecul es

of a gas fly in straight lines by virtue of their inertia,
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qui te independently of one another, except at

times of collision, fromwhich they rebound by virtue of
their elasticity; or on an approach to collision, in which
|atter case, coming within the range of nutual attraction
two nol ecul es may circle about each other, as a

comet circles about the sun, then rush apart again, as

the conet rushes fromthe sun

It is obvious that the |length of the nean free path of
the nol ecul es of a gas may be increased indefinitely by
decreasing the number of the nol ecules thenselves in a
circunscribed space. It has been shown by Professors

Tait and Dewar that a vacuum may be produced artificially
of such a degree of rarefaction that the nean

free path of the remaining nolecules is nmeasurable in

i nches. The calculation is based on experinments made

with the radi ometer of Professor Crookes, an instrunent
which in itself is held to denponstrate the truth of

the kinetic theory of gases. Such an attenuated gas

as this is considered by Professor Crookes as constituting
a fourth state of matter, which he terns ultra-

gaseous.

If, on the other hand, a gas is subjected to pressure,

its nol ecul es are crowded cl oser together, and the

length of their nmean free path is thus |essened. U tinmately,
the pressure being sufficient, the nolecules are
practically in continuous contact. Meantinme the enornmously

i ncreased nunber of collisions has set the nol ecul es
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nmore and nore actively vibrating, and the tenperature

of the gas has increased, as, indeed, necessarily

results in accordance with the | aw of the conservation

of energy. No amount of pressure, therefore, can

suffice by itself to reduce the gas to a liquid state. It
is believed that even at the centre of the sun, where the
pressure is al nost inconceivably great, all matter is to
be regarded as really gaseous, though the nol ecul es

nmust be so packed together that the consistency is

probably nore like that of a solid.

I f, however, coincidently with the application of
pressure, opportunity be given for the excess of heat

to be dissipated to a col der surroundi ng nedium the

nmol ecul es, giving off their excess of energy, becone
relatively quiescent, and at a certain stage the gas becones
a liquid. The exact point at which this transfornmation
occurs, however, differs enornmously for

di fferent substances. In the case of water, for exanple,
it is a tenperature nore than four hundred degrees
above zero, centigrade; while for atnospheric air

it is one hundred and ninety-four degrees centigrade

bel ow zero, or nore than a hundred and fifty degrees

bel ow t he point at which nmercury freezes.

Be it high or low, the tenperature above which any

substance is always a gas, regardl ess of pressure, is

called the critical tenperature, or absolute boiling-
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poi nt, of that substance. It does not follow however,
that bel ow this point the substance is necessarily a
liquid. This is a matter that will be determ ned by
external conditions of pressure. Even far bel ow the
critical tenperature the nol ecul es have an enornous
degree of activity, and tend to fly asunder, maintaining
what appears to be a gaseous, but what technically is
call ed a vaporous, condition--the distinction being that
pressure al one suffices to reduce the vapor to the liquid
state. Thus water nay change fromthe gaseous to

the liquid state at four hundred degrees above zero,

but under conditions of ordinary atnospheric pressure

it does not do so until the tenperature is |lowered three
hundred degrees further. Bel ow four hundred degrees,
however, it is technically a vapor, not a gas; but

the sole difference, it will be understood, is in the degree

of nolecular activity.

It thus appeared that the preval ence of water in a

vaporous and liquid rather than in a "permanently"

gaseous condition here on the globe is a nere incident

of telluric evolution. Equally incidental is the fact

that the air we breathe is "permanentl|ly" gaseous and

not liquid or solid, as it might be were the earth's surface
tenperature to be lowered to a degree which, in

the larger view, may be regarded as trifling. Between

the atnospheric tenperature in tropical and in arctic
regions there is often a variation of nore than one hundred

degrees; were the tenperature reduced another
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hundred, the point would be reached at which oxygen
gas becones a vapor, and under increased pressure
woul d be a liquid. Thirty-seven degrees nore woul d

bring us to the critical tenperature of nitrogen.

Nor is this a nmere theoretical assunption; it is a
determ nation of experinmental science, quite independent
of theory. The physicist in the |aboratory has

produced artificial conditions of tenperature enabling
himto change the state of the npbst persistent gases.
Sonme fifty years since, when the kinetic theory was in
its infancy, Faraday |iquefied carbonic-acid gas, anopng
ot hers, and the experinents thus inaugurated have

been extended by nunerous nore recent investigators,
notably by Cailletet in Switzerland, by Pictet in France,
and by Dr. Thomas. Andrews and Professor Janes Dewar

in England. In the course of these experinents

not only has air been liquefied, but hydrogen al so, the
nost subtle of gases; and it has been nade nore and
nore apparent that gas and liquid are, as Andrews | ong
ago asserted, "only distant stages of a long series of

conti nuous physical changes." O course, if the tenperature
be lowered still further, the liquid becones a
solid; and this change al so has been effected in the case

of sone of the nobst "permanent" gases, including air

The degree of cold--that is, of absence of heat--

t hus produced is enornous, relatively to anything of
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whi ch we have experience in nature here at the earth
now, yet the nolecules of solidified air, for exanple, are
not absolutely quiescent. In other words, they stil
have a tenperature, though so very low. But it is
clearly conceivabl e that a stage m ght be reached at
whi ch the nol ecul es became absol utely qui escent, as
regards either translational or vibratory notion. Such
a heatless condition has been approached, but as yet
not quite attained, in |aboratory experinents. It is
called the absolute zero of tenperature, and is
estimated to be equivalent to two hundred and seventy-
three degrees Centigrade bel ow the freezing-point of

wat er, or ordinary zero.

A tenperature (or absence of tenperature) closely
approximating this is believed to obtain in the etherea
ocean of interplanetary and interstellar space, which
transmts, but is thought not to absorb, radiant energy.
We here on the earth's surface are protected
fromexposure to this cold, which woul d deprive every
organic thing of life alnbst instantaneously, solely by
the thin bl anket of atnobsphere with which the globe is
coated. It would seemas if this atnosphere, exposed

to such a tenperature at its surface, must there be

i ncessantly liquefied, and thus fall back like rain to be
di ssolved into gas again while it still is many mles
above the earth's surface. This may be the reason why
its scurrying nmol ecul es have not | ong ago wandered

off into space and left the world w thout protection.
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But whet her or not such |iquefaction of the air now
occurs in our outer atnosphere, there can be no question
as to what nust occur in its entire depth were we
permanently shut off fromthe heating influence of the
sun, as the astrononers threaten that we may be in a
future age. Each nol ecule, not al one of the atnobsphere,
but of the entire earth's substance, is kept

aqui ver by the energy which it receives, or has received,
directly or indirectly, fromthe sun. Left to itself, each
mol ecul e woul d wear out its energy and fritter it off
into the space about it, ultimately running conpletely
down, as surely as any hunman-nmade nmachi ne whose

power is not fromtime to tine restored. If, then, it
shall come to pass in sone future age that the sun's

rays fail us, the tenperature of the gl obe nust gradually
sink towards the absolute zero. That is to say,

the nol ecul es of gas which now fly about at such

i nconcei vabl e speed nust drop hel pless to the earth;
liquids nmust in turn becone solids; and solids thensel ves,
their nol ecular quivers utterly stilled, nay perhaps

take on properties the nature of which we cannot

surm se.

Yet even then, according to the current hypothesis,
the heatless nolecule will still be a thing instinct with
life. Its vortex whirl will still go on, uninfluenced by

t he dyi ng-out of those subordi nate quivers that produced
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the transitory effect which we call tenperature

For those transitory thrills, though determ ning the
physical state of matter as measured by our crude

organs of sense, were no nore than non-essential incidents;
but the vortex whirl is the essence of matter

itself. Sone estinmates as to the exact character of

this intranol ecul ar notion, together with recent theories
as to the actual structure of the nmolecule, wll

claimour attention in a |later volume. W shall also

have occasion in another connection to nmake fuller

inquiry as to the phenonena of |ow tenperature.
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