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treatise, adapted for the perusal of non-mathe-
matical readers. On the completion of this, it was
suggested by the publisher of that work to collect
and reprint them together,—a proposal the more
welcome, as it afforded an opportunity for bring-
ing together several other pieces of a somewhat
similar character, some of which, though not
properly characterized as “ Lectures,” it seemed
desirable to reproduce. More especially, it ap-

peared to the Author an imperative duty to let

no opportunity pass of recalling the attention of the

public to the great question of the proposed aban-
donment of our national system of weights and
measures, and adoption in its stead of the metri-
cal system of the French, with its unit, the metre,
in place of the English yard, which has been so
actively, and, in his opinion, so mischievously
urged en Parliament; the agitation in favour of
which only sleeps for the present, in the view of
allowing the public mind to familiarize itself with
he idea under a Permissive Act,—to be assuredly
brought forward again with renewed activity, and
under a more intense and prolonged pressure (to
be met by a more concentrated and determined

resistance), on no distant occasion.
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piece, “On the Estimation of Skill in Target-

Shooting,” has for one of its objects the correction
of an error in one of the Author's former works,
while, at the same time, calling attention to a
subject generally, and even nationally, interest-

ing.

COLLINGWoOD, Fune 8, 1866
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ABOUT VOLCANUS AND

EARTHQUAKES,

and houses and churches; and closing on them with a
snap, and smashing them to pieces ; and then perhaps
1, and casting them out with a flood of
dirty water from some river or lake that had been

:_EC:.

gulped down with them. Now, all this, and much
more, is literally true, and has happened over and over
again ; and when we have imagined it all, we shall have

formed a tolerably correct notion of some at least of
se ations. And perhaps some may have been
tempted to ask why and how it is that God has per-
r earth to be visited with such destruction.
It can hardly be for the sins of men: for when these
th occur they involve alike the innocent and the
guilty ; and besides, the wolcano and the earthquake

mitted this

were raging on this earth with as much, nay greater
violence, thousands and thousands of years before man
ever set his foot upon it. But perhaps, on the other
hand, it may have occurred to some to ask themselves
whether it is not just possible that these ugly affairs are
sent among us for some beneficent purpose; or at all
events that they may form part and parcel of some great
scheme of providential arrangement which is at work for
yod, and not for ill. A ship sometimes strikes on a
rock, and all on board perish ; a railway train runs into

another, or breaks down, and then wounds and contu-
s are the order of the day; but nobody doubts that
navigation and railway communication are great bless-
None of the great natural provisions for produec-
ing good are exempt in their workings from producing
occasional mischief. Storms disperse and dilute pesti-

_n._




q-eas Ayl o3 umop o s30dArg {235 M op

ML ISEOD UDUSLT YY) U0 sPID IP[UUIS 23 0} [Au
) It

1 SS0I0T papuMxa qnop ou ‘aduc yougm ‘syip
2 N0 1B YOOT sjuaiInd pu sapn ) jo joape
panunuod a Aq ‘wonoq UMO s)t 1540 Ino 31 Suprasds

pue ‘Leme sapmod yeyy Surf

o

f1apaod 0y sasard asep

puns Tsadad oy 1 Bumaneq pue ‘umop 31 Sunes pue
e,

Suuream {31 Sunwoosdae araymfaaa pu ‘pue| ayg sumde

EM  Bas

‘Purj9se0d f1aas Suope pue ‘asaym

-£1342 208 Dp\—wo Supel 43S 20r poyar of S 19110 a1
uo auo ar Aoy ysigm ur fea Y1 pue OS pue SyI0I

A0 JO unjonns 2

1 JO SaUnjEa) J[ENEISIUUN JSOW 15
ur aanpoxd ues 31 safueyo yons jo soues Juop v Jo 22uap
A2 9y} yim pur ‘sou 3 ur uo Suwd sass 11 safueyn

S YIa JEEN Wiaot

2 sa0p A0 Ing ‘aeds danrunad
S InOqe J=s)l uILDouod 1o ,.E.S_._: N1 JO uonEaLd a3
0 joeq of o3 pusard jou saop L3ojpany  iSoj0ad jo

1dound 151y ayy moqe Sunyswos Les pue fea Lw jo
mo s & of jsnwm [ “eap sup YR 01 ‘MON _...;r.:__

IO JO UONEIEY Iy} 3 PO PHOA I

pue ISIXD I1a1]) 10] 22 _;ﬁ

AR PINOAL DAL 10U “ISEaQ]

R I3 [210A N0 n:.n_:;:_ am pue| FEETY a3

‘noddn puwis om punoad Lisa 2

2M0 M olm 0] udrioe

1SEA ® Ul sjuappur (fiessaseu

1sowEe
s Arerodwy pue

Z S[qeproseun jouy ur ae “...:___mu

[e20] st ‘e Ao13 se [mpeasp ‘oyenbipiva sy pue ouws

2
2 OB JO SYI0M L)

DA DY) B MOYS 0 S[qE aq [[BYS T Uiy [ ‘uapy

"3 v__ uappns _.:_.,_ uodn JaIgur pu

Uue uajjo 1210 11 pue U FYY 10q Jng mn:..:_._

pue asodwodssp sBunnys

pue ‘siodea penuag

LAvVa

ANV SONYITIOA LOOAY




AROUT VOLCAROS AND EARTHQUAKES.

constantly hammered by the waves and constantly
crumbling : the beach itself made of the flints outstand-

ing after the softer chalk has been ground down and
washed away ; themselves grinding one another under

the same ceaseless discipline ; first rounded into pebbles,
then worn into sand, and then carried out farther and
farther down the slope, to be replaced by fresh ones
from the same source.

(4.) Well: the same thing is going on everymhere, round
st of Europe, Asia, Africa, and America. Foot
foot or mch by inch, month by month or century by

TiE ETAE

vthing MUST go. ‘Time is as nothing

And what the sea is doing the rivers are
to do. Look at the sand-banks at the mouth

es.  What are they but the materials of our
d out to sea by the streami The Ganges
way from the soil of India, and delivers into
the sea, twice as much solid substance weelfy as is con-
great pyramid of Egypt. The Irawaddy
om Burmah G2 cubic feet of earth in every

seconil of

¢ on an average, and there are 86,400 sec-

y day, and 365 days in every year; and soon
i What has become of all that great
bed of chalk which once covered all the weald of Kent,
and formed a continuous mass from Ramsgate and Dover
to Beechy Head, running inland to Madamscourt Hill and
Seven Oaks? All clean gone, and swept out into the
bosom of the Atlantic, and there forming other chalk-
beds.  Now, geology assures us, on the most conclusive
and unde

iable evidence, that aLL our present land, all
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VOLCANOS AND EARTHQU

buried under Etna, and by his struggles causing the
es that desolated Sicily. But here we have an
Titanic forces on a far mightier scale. One
ved on this occasion was the gigantic
mass of Aconcagia, which overlooks Valparaiso. To
bring home to the mind the conception of such an effort,
we must form a clear idea of what sort of mountain this
is. It is nearly 24,000 feet in height. Chimborazo, the
loftiest of the volcanic cones of the Andes, is lower by

ition of

of the Andes uph

2500 feet ; and yet Etna, with Vesuvius at the top of it,
and another Vesuvius piled on that, wwounld little more than
surpass the midway height of the snow-covered portion of
that cone, whi

the hidden fires of the Andes find vent. On the occa-

ch is one of the many chimneys by which

sion I am speaking of, at least 10,000 square miles of
country were estimated as having been upheaved, and
the upheaval was not confined to the Jand, but extended
far away to sea, which was proved by the soundings off
Valparaiso, and along the coast, having been found con=

ably shallower than they were before the shock.
(7.) Again, in the year 1819, in an earthquake in
t of Cutch, bordering on the Indus,
¢ miles long and sixteen
y raised ten feet above its former
level. The raised portion still stands up above the un-
ised, like a long perpendicular wall, which is known by
e of the® Ullah Bund,” or “God's Wall” And
1 1538, in that convulsion which threw up the
luovo *(New Mountain), a cone of ashes 450
gle night ; the whole coast of Pozzuoli,

in the distr
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ABOUT YOLCANOS AND EARTHQUAKES,

that there is a great cycle of changes going on, in which
the earthquake and volcano act a very conspicuous part,
and that part a restorative and conservalive one; in oppe-
sition to the steadily destructive and levelling action of
the ocean waters.

(10.) How this can happen ; what can be the origin of

such an enormous power thus occasionally exerting

itself, will no doubt seem very marvellous—little short,
indeed, of miraculous intervention—but the mystery,
after all, i1s not guite so great as at first-it seems. We
are permitted to look a little way into these great secrets
of nature ; not far enough, indeed, to clear up every
difficulty, but quite enough to penetrate us with admira-
tion of that wonderful system of counterbalances and
compensations ; that adjustment of causes and conse-
quences, by which, throughout all nature, evils are made
towork their own cure ; life to spring out of death ; and
renovation to tread in the steps and efface the vestiges
of decay.

(11.) The key to the whole affair is to be found in the
central heat of the earth. This is no scientific dream,
no theoretical notion, but a fact established by direct
evidence up to a certain point, and standing out from
plain facts as a matter of unavoidable conclusion, in a
hundred w:

i, it feels eoo/; but when we go into it out
of a wintry frost it is warm. The fact is, that a cellar,
or a well, or any pit of a moderate depth, has always,
day and night, summer and winter, the same degree of
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f VOLCANOS AND EARTHQUAKES

if we had a shaft sunk a mile deep, we should find in the
a heat of 105° which is much hotter than the

hottest summer day ever experienced in England.

(14.) Itis not everywhere, however, that it is worth
while to sink a shaft to any great depth ; but berings for
led Artesian wells) are often made

water (in what are
to enormous depths, and the water always comes up hot ;
and the deeper the boring, the hotter the water. There

&

is a very famous boring of this sort in Paris, at La

-

Grenelle. The water rises from a depth of 1794 feet,
and its t , which is almost
that of the equator. And, again, at Salzwerth, in Oeyn-
hausen, in Germany, in a boring for salt-springs 2144
feet deep, the salt water comes up with a still higher
heat, viz., g1°. Then, again, we have natural hot-water
e, it is true, from depths we have no
means of ascertaining ; but which, from the earliest
recorded times, have always maintained the same heat.
At Bath, for instance, the hottest well is 117° Fahr. On
the Arkansas River, in the United States, is a spring of
ich is scalding hot ; and that out of the neigh-
10od of any volcano.
5.) Now, only consider what sort of a conclusion
s globe of ours is 8ooo miles in

rature is 82° of our scal

springs, which ris

180%; w

sus in. T

meter ; a mile deep on its surface is a mere scratch.

If a man had twenty greatcoats on, and I found under
the first a warmth of 6o0° above the external air, I should

expect to find 60" more under the second, and 60" more

der the third, and so on; and, within all; ne nean, but
1ot iron.  Just so with the outside crust of

a mass of re
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and convincing

what, think you

1is is exactly w

Wi m_:_.. it will sink.
ing, in point of fact.
decper. This seems a paradox ; but it is easily explained.
The whole bed of the sea is in the act of being pressed
down &y the laying on of new solid substance over iis botfom.,
The new bottom then is laid upon the old, and so the
actual bed of the ocean remains at or nearly at the same
istance from the surface water. But what becomes of
the islands? They form part and parcel of the old
bottom ; and Dr Darwin has shown, by the most curious

ABOUT VOLCANOS AND EARTHQUAKES,

they will rise ; if the bed of the sea receive additional

The bottom of the Pacific #r sink-
Not that the Pacific is becoming

proofs, that they are sinding, and Aapve

L

at last take place.
land on the heavy

hat

.1

been sinking for ages, and are only kept above water—by

By the labours of the coral insects,

equal in their bearings.

if there be a

When this happe

which always build up to the surface |
(18.) Tt is impossible but that this increase of pressure
in some places and relief in others must be very un-

So that at some place or other

this solid floating crust must be brought into a state of

weak or a soft part, a crack will
, down goes the

side, and up on the light side. Now

took place in the earthquake which

sed the Ullah Bund in Cutch. T have told you of a
great crack drawn across the country, not far from the
coast line ; the inland country rose ten feet, but much of
the sea-coast, and probably a large tract in the bed of
the Indian Ocean, sank considerably below its former
level.  And just as you see when a crack takes place in
ice, the water oozes up ; so this kind of thing is always,

|
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14 AROUT VOLCANDS AND EARTHOQUAKES,

know what happens when a crack takes place in a high-
pressure steam-boiler, with what violence the contents
escape, and what havoc takes place. Now there is no
doubt that among the minerals of the subterranean
world, there is water in abundance, and sulphur, and
many other vaporizable substances, all kept subdued
1 repressed by the enormous pressure. Let this pres-
sure be relieved, and forth they rush, and the nearer

they approach the surface the more they expand, and
the greater is the explosive force they acquire ; till at
1, after more or fewer preparatory shocks, each
accompanied with progressive weakening of the over-
lying strata, the surface finally breaks up, and forth rushes
the imprisoned power, with all the awful violence of a

volcanic eruption,

(21.) Certainly a volcano does seem to be a very bad
neighbour ; and yet it affords a compensation in the ex-
traordinary richness of the volcanic soil, and the ferlil-
izing quality of the ashes thrown out. The flanks of
Somma (the exterior crater of Vesuvius) are covered
with vineyards producing wonderful wine, and whoever
has visited Naples, will not fail to be astonished at the
productiveness of the volcanized territory as contrasted
with the barrenness of the limestone rocks bordering on
it. There you will see the amazing sight (as an English
farmer would call it) of a triple crop growing at once
on the same soil ; a vineyard, an orchard, and a com-
field all in one. A magnificent wheat crop, five or six
feet high, overhung with clustering grape-vines swinging
from one apple or pear tree to another in the most luxu,
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16 ABOUT VOLCANOS AND EARTHQUAKES.

substance on which it is delivered with the rapidity of
sound in that substance. Perhaps it may be new to many
who hear me to be told that sound is conveyed by water,
by stone, by iron, and indeed by everything, and at a dif-
ferent rate for each. In air it travels at the rate of about
1140 feet per second, or about 13 miles in a minute. In
water much faster, more than four times as fast (4700
feet). Iniron ten times as fast (11,400 feet), or about
130 miles in a minute, so that a blow delivered endways
at one end of an iron rod, r3o miles long, would only
rea > other after the lapse of a minute, and &
pull at one end of an iron wire of that length, would
require 2 minute before it would be felt at the other.
But the substance of the earth through which the shoek
is conveyed is not only far less elastic than iron, but it
does not form a coherent, connected body ; it is full of
interruptions, cracks, loose materials, and all these tend
to deaden and retard the shock : and putting together all
the accounts of all the earthquakes that have been ex-
actly observed, their rate of travel may be taken to vary

from a
but perhaps the low velocities arise from oblique waves.

{z3.) The way, then, that we may conceive an earth-
ke to travel is this,—I shall take the case which 18
most common, when the motion of the ground to-and-
fro is horizontal. Abw far each particular spot on the
surface of the ground is actually pushed from its place
there is no way of ascertaining, since all the surrounding
objects receive the same impulse almost at the same in-
stant of time, but there are many indications that it is

low as 12 or 13 miles a minute to jo or 8o:
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18 ABOUT VOLCANDOS AND EARTHQUAKES

just what was seen to happen in Messina in the great
Calabrian earthquake. As the shock ran along the
ground, the houses of the Faro were seen to topple
down in succession ; beginning at one end and running
on to the other, as if 4 succession of mines had been
sprung. In the earthquake in Cutch, a sentinel standing
at one end of a long straight line of wall, saw the wall
bow forward and recover itself ; not all at once, but with
a swell like a wave running all along it with immense
rapidity. In this case it is evident that the earthquake
wave must have had its front oblique to the direction of
the wall (just as an obliquely-held ruler runs along the
edge of a page of paper while it advances, like a wave of
the sea, perpendicularly to its own length).

(25.) In reference to extinct volcanos, I may just
mention that any one who wishes to see some of the
finest specimens in Europe may do so by making a
couple of days’ railway travel to Clermont, in the depart-
ment of the Puy de Dome in France. There he will
find a magnificent series of volcanic cones, fields of ashes,
streams of lavas, and basaltic terraces or platforms,
proving the volcanic action to have been continued for
countless ages before the present surface of the earth
was formed ; and all so clear that he who runs may read
their lesson. There can there be seen a configuration
of surface quite resembling what telescopes show in the
most voleanic districts of the moon. Let not my hearers
be startled : half the moon's face is covered with unmis-
takable craters of extinct volcanos.

(26.) Many of the lavas of Auvergne and the Puy de
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ABOUT VOLCANOS AN

I EARTHQUAKES,

around us, and of which these furious outbreaks, after all,
are but minute, and for the moment unbalanced sur-
pluses in the great account. The energy requisite to
overthrow a mountain is as a drop in the ocean com-
pared with that which helds it in its place, and makes it
a mountain.  Chemistry tells us that the forces con-
stantly in action to maintain a single grain of water in
its habitual state ; when only partially and sparingly let
loose in the form of electricity, would manifest them-
selves as a powerful flash of lightning.® And we learn
from optical science that in even the smallest element of
every material body, nay, even in what we call empty
space, there are forces in perpetual action to which even
such energies sink into insignificance. Yet, amid all
this, nature holds her even course ; the flowers blossom ;
animals enjoy their brief span of existence ; and man has
leisure and opportunity to contemplate and adore, secure
of the watchful care which provides for his well-being
at every instant that he is permitted to remain an earth.

ON THE HISTORY OF EARTHQUAKES AND VOLCANOS.

(28.) The first great earthquake of which any very
distinct knowledge has reached us is that which oecurred
in the year 63 after our Saviour, which produced great
destruction in the neighbourhood of Vesuvius, and
shattered the cities of Pompeii and Herculaneum upon
the Bay of Naples, though it did not destroy them,
This earthquake is chiefly remarkable as having been
# Famday : ** Experimental Researches in Electricity,” § 853.

o
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ABOUT VOLCANOS AND EARTHOQUAKES

itself lowered down upon the surrounding country,
involving land and sea in profound darkness, pierced by
flashes of fire more vivid than lightning. These, with
the volumes of ashes that began to encumber the soil,
and which covered the sea with floating pumice-stone ;
the constant heaving of the ground ; and the sudden
recoil of the sea, form a picture which is wonderfully
well described by the Younger Pliny. His uncle, ani-
mated by an eager desire to know what was going on,
and to afford aid to the inhabitants of the towns, made
sail for the nearest point of the coast and landed ; but
was instantly enveloped in the dense sulphurecus vapour
that swept down from the mountain, and perished
miserably.

(29.) It does not seem that any /eoa flowed on that
occasion. Pompeii was buried under the ashes; Her-
culaneum by a torrent of mud, probably the contents of
the erater, ejected at the first explosion. This was most
fortunate. We owe to it the preservation of some of
the most wonderful remains of antiquity. For it is not
yet much more than a century ago that, in digging a
well at Portici near Naples, the Theatre of Herculaneum
was discovered, some sixty feet under ground,—then
houses, baths, statues, and, most interesting of all, a
library, full of books ; and those books still legible, and
among them the writings of some ancient authors which
had never before been met with, but which have now
been read, copied, and published, while hundreds and
hundreds, T am sorry to say, still remain unopened.
Pompeii was not buried so deep; the walls of some of
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24 ABOUT VOLCANOS AND EARTHQUAKES.

of St Januarius should be brought out and shown to the
mountain ; and when this was done, all the uproar
ceased on the instant, and Vesuvius became as quiet
as a lamb !

(33-) He did not continue so, however, and it would
have been well for Naples if the good Saint's head could
have been permanently fixed in some conspicuous place
in sight of the hill—for from that time till the year 1779
it never was quiet. In the spring of that year it began
to pour out lava; and on one occasion, when Sir Wil-
liam Hamilton approached too near, the running stream
was on the point of surrounding him ; and the sulphure-
ous vapour cut off his retreat, so that his only mode of
escape was to walk across the lava, which, to his aston-
ishment, and, no doubt, to his great joy, he found
accompanied with no difficulty, and with no more incon-
venience than what proceeded from the radiation of heat

on his legs and feet from the scoriz and cinders with

which the external crust of the lava was loaded ; and

w w

1 in great measure intercepted and confined the
glowing heat of the ignited mass below.

(34.) In such cases, and when cooled down to a
certain point, the motion of the lava-stream 1s slow and
ng ; rather rolling over itself than flowing like a
river ; the top becoming the bottom, owing to the tough-
ness of the half-congealéd crust. When it 1ssues, how-
ever, from any accessible vent, it is described as perfectly
liquid, of an intense white heat, and spouting or welling
forth with extreme rapidity. So Sir Humphry Davy
described it in an eruption at which he was present ;

——
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ABOUT VOLCANOS AND EARTHQUAKES.

o'clock,” he says, on Sunday the 8th of August, ** there
ort, which shook the houses at Portici
and its neighbourhood to such a degree, as to alarm the
inhabitants and drive them out into the streets. Many
windows were broken, and as I have since seen, walls
cracked by the concussion of the air from that explosion.
. ... In one instant a fountain of liquid transparent
fire began to rise, and gradually increasing, amived
at so amazing a height, as to strike every one who
beheld it with the most awful astonishment. I shall
scarcely be credited when I assure you that, to
the best of my judgment, the height of this stupen-
dous column of fire could not be less than three
times that of Vesuvius itself ; which, you know, rises
perpendicularly near 3joo feet above the level of
the sea (The height by my own measurement in
1824 is 3920 feet). *“Puffs of smoke, as black as can
possibly be imagined, succeeded one another hastily,
and accompanied the red-hot, transparent, and liquid
lava, interrupting its splendid brightness here and there
by patches of the darkest hue. Within these puffs of
smoke, at the very moment of their emission from the
crater, I could perceive a bright but pale electrical fire
playing about in zigzag lines. The liquid lava, mixed
with scorize and stones, after having mounted, I verily

Vesuvius, covered its whole cone, part of that of Somma,
and the valley between them. The falling matter being
nearly as vivid and inflamed as that which was continu-

ally issuing fresh from the crater, formed with it one

believe at least 10,000 feet, falling perpendicularly on .
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28 ABOUT VOLCANOS AND EARTHQUAKES.

cloud of smoke and minute ashes; a horrid clashing
noise was heard in the air; and presently fell a deluge
of stones and large scorize, some of which scoriz were
of the diameter of seven or eight feet, and must have
weighed more than one hundred pounds before they
were broken by their falls, as some of the fragments
of them which I picked up in the streets still weighed
upwards of sixty pounds. When these large vitrified
masses either struck against each other in the air or fell

on the ground they broke in many pieces, and covered a

large space around them with vivid sparks of fire, which
communicated their heat to everything that was combus-
tible. In an instant the town and country about it was
on fire in many parts ; for in the vineyards there were
several straw-huts, which had been erected for the watchs
men of the grapes, all of which were bumt. A great
magazine of woot the heart of the town was all in a
blaze : and had there been much wind, the flames must
have spread universally, and all the inhabitants would
have infallibly been burnt in their houses, for it was im-
possible for them to stir out. Some who attempted it
with pillows, tables, chairs, tops of wine casks, etc., on
their heads, were either knocked down or driven back to
their close quarters, under arches and in the cellars of the
houses. Many were wounded, but only two persons
have died of the wounds they received from this dread=
ful voleanic shower. ‘To add to the horror of the scene,
incessant volcanic lightning was writhing about the black
cloud that surrounded them, and the sulphureous smell and
heat would scarcely allow them to draw their breath.”
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30 ABOUT VOLCANOS AND EARTHQUAKES.

me on the spot by an eye-witness—the Old Man of the
Mountain, Mario Gemellaro—the side of Aitma was
reut by a great fissure or crack, beginning near the top,
and throwing out jets of lava from openings fourteen or
fifteen in number all the way down, so as to form a row
of fiery fountains rising from different levels, and all
ascending nearly to the same height: thereby proving
them all to have originated in the great internal cistern
as it were, the crater being filled up to the top level.

(30.) From the summit of Atna extends a view of
extraordinary magnificence. The whole of Sicily lies at
your feet, and far beyond it are seen a string of lesser
voleanos; the Lipari Islands, between Sicily and the
Italian coast; one of which, Stromboli, is always in
eruption, unceasingly throwing up ashes, smoke, and
_E:m__ fire.

(41.) But I must not linger on the summit of JEtna.
We will now take a flight thence, all across Europe, to
Iceland—a wonderful land of frost and fire. It is full of
volcanos, one of which, Hecra, has been twenty-two
times in eruption within the last 8co years. Besides
Hecla, there are five others, from which in the same
period twenty eruptions have burst forth, making about
one every twenty years. The most formidable of these
was that which happened in 1783, a year also memor-
able as that of the terrible earthquake in Calabria. In
May of that year, a bluish fog was observed over the
mountain called Skaptar Jokul, and the neighbourhood
was shaken by earthquakes. After a while a great pillar
of smoke was observed to ascend from it, which dark-
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ABOUT VOLCANOS AND EARTHQUAKES.

mile in diameter), was somehow connected with the
electric excitement of the upper atmosphere produced
by this enormous discharge of smoke and ashes. The
destruction of life in Iceland was frightful: gooc men,
11,000 cattle, 28,000 horses, and 190,000 sheep per-
ished ; mostly by suffocation. The lava ejected has
been computed to have amounted in volume to more
than twenty cubic miles.

{42.) We shall now proceed to still more remote re-

gions, and deseribe, in as few words as may be, two im-
mense eruptions,—one in Mexico, in the year 1559 ; the

other in the island of Sumbawa in the Eastern Archi-
pelago, in 1813,

(43.) I ought to mention, by way of preliminary, that
almost the whole line of coast of South and Central
America, from Mexico southwards as far as Valparaiso—
that is to say, nearly the whole chain of the Andes—is
one mass of voleanos. In Mexico and Central America
there are two and twenty, and in Quito, Peru, and Chili,
six and, twenty more, in activity ; and nearly as many
more extinct ones, any one of which may at any moment
break out afresh. This does not prevent the country
from being inhabited, fertile, and well cultivated. Well:
in a district of Mexico celebrated for the growth of the
finest cotton, between two streams called Cuitimba and
San Pedro, which furnished water for irrigation, lay the
farm and homestead of Don Pedro de Jurullo, one of
the richest and most fertile properties in that country.
He was a thriving man, and lived in comfort as a large
proprietor, little expecting the mischief that was to be-
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ATOUT YOLCANOS AND EARTHQUAKES

ments of rock. - The roofs of houses at the town or vil-
lage of Queretaro, upwards of r4o miles distant, were

d with the ashes. The two rivers have again
appeared, issuing at some distance from among the
hornitos, but no longer as sources of wealth and fertility,
for they are scalding hot, or at least were so when Baron
Humboldt visited them several years after the event.
The sround even then retained a violent heat, and the
hornitos were pouring forth columns of steam twenty
or thirty feet high, with a rumbling noise like that of
a steam-boiler.

{44.) The Island of Sumbawa is one of that curious
line of islands which links on Australia to the south-
eastern corner of Asia. It forms, with one or two

ic islands, a prolongation of Java, at that
in 18135, a British possession, and under the go-
sent of Sir Stamford Raffles, to whom we owe the

-count of the eruption, and who took a great deal

15 to ascertain all the particulars. Java itself, I
d observe, is one rockery of volcanos, and so are
adjoining islands in that long crescent-shaped

= 1 refer to.

(4.} On the Tsland of Sumbawa is the volcano of

Tomboro, which broke out into eruption on the sth of
April in that year; and I can hardly do better than
ote the account of it in Sir Stamford Raffles’ own

WOrds -—

{46.) “Almost every ome,” 5ays this writer, *is ac-
quainted with the intermitting convulsions of Etna and
Vesuvius as they appear in the descriptions of the poet,
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ARBOUT VOLCANOS AND EARTHQUAKES.

an hour. No explosions were heard till the whirlwind
had ceased at about eleven p.a.  From midnight till the
evening of the rith, they continued without intermis-

sion ; after that time their violence moderated, and they

were heard only at intervals; but the explosions did not
cease entirely until the 15th of July. OFfall the villages
Tempo, containing about forty inhabit-
ants, is the only one remnaining. In Pekaté no vestige

round Tomboro,

of a house is left ; twenty-six of the people, who were at
Sumbawa at the time, are the whole of the population
who have escaped. From the best inquiries, there were
certainly not fewer than 12,000 individuals in Tomboro
and Pekaié at the time of the eruption, of whom five or
six survive. ‘The trees and herbage of every description,
along the whole of the north and west of the peninsula,
have been completely destroyed, with the exception of a
high point of land near the spot where the village of
Tomboro stood. At Sang'ir, it is added, the famine
occasioned by this event was so extreme, that one of
the rajah’s own daughters died of starvation.”

{47.) 1 have seen it computed that the guantity of
ashes and lava vomited forth in this awful eruption
would have formed three mountains the size of Mont

lane, the highest of the Alps ; and if spread over the
surface of Germany, would have covered the whole of
it two feet deep! The ashes did actually cover the
whole island of Tombock, more than’ roo miles distant,

to that depth, and 44,000 persons there perished by
starvation, from the total destruction of all vegetation.
{48.) The mountain Kirauiah in the island of Owyhee,
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UT VOLCAKOS AND EARTHQUAKES

at once, at twenty minutes before ten A.ML, 4 noise was
heard like the rumbling of carriages under ground ; 1t

increased rapidly and became a succession of deafening
ons like the loudest cannmon. Then a shock,

s described by one writing from the spot,

st but the tenth part of a minute ; and down

bling palaces, churches, theatres, and every

large public edifice, and about a third or a fourth part of
the dwelling-houses. Tore shocks followed in rapid

on, and in six minutes from the commencement
sons were crushed in the ruins! THere are
the simple but expressive words of one J. Latham, who
writes to his uncle in London. # I was on the river
with one of my customers going to a village three miles
off  Presently the boat made a noise as if on the shore
or landing, though then in the middle of the water. I
asked my companion if he knew what was the matter.
He stared at me, and looking at Lisbon, we saw the
houses falling, which made him say, * God bless us, it is
an earthquake !’ About four or five minutes after, the
boat made a noise as before ; and we saw the houses
Jle down on both sides of the river.” They then
landed and made for a hill ; whence they beheld the sea
(which had at first receded and laid a great tract dry)
come rolling in, in a vast mountain wave fifty or sixty
feet on the land, and sweeping all before it. Three
thousand people had taken refuge on a new stone quay
or jetty just completed at great expense. In an instant
it was turned topsy-turvy; and the whole quay, and
cvery person on it, with all the vessels moored to i,
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ABOUT VOLCANOS AND EARTHQUAKES.

was struck upwards from below with such force as to un-
iip and split up the main-mast.

(50.) Evidences of a similar sudden and upward ex-
T_cmmf..,.. action are of frequent occurrence among the
extinct volcanos of Auvergne and the Vivarais, where in
many instances the perforation of the granitic beds which
form the basis or substratum of the whole country ap-

to have been effected at a single blow, accom-

FOUE rocks—much in the same way as a bullet will
ss through a pane of glass without starring or shatter-
r it.  In such cases it would seem as if water in a
uid state had suddenly been let in through a fissure

upon a most intensely heated and molten mass beneath,

prog ¢ a violent but local explosion, so instantaneous
as to break its way through the overlying rocks, without

g time for them to bend or crumple, and so dis-
place the surrounding masses.

(s1.) The same kind of upward bounding movement
took place at Riobamba in Quito in the great earth-
quake of ruary 4, 1797, which was connected with
an eruption of the volcano of Tunguragua. That earth-
quake extended in its greatest intensity over an oval
space of 120 miles from south to mnorth, and 6o from

st to west, within which space every town and village
was levelled with the ground ; but the total extent of
surface shaken was upwards of 500 miles in one direc-
tion (from Puna to Popayan), and 400 in the other.
Quero, Riobamba, and several other towns, were buried
under fallen mountains, and in a very few minutes




e 7} ST} Ul PaPI0IaL S1UIUIAONU PUE SIUIPIIDE
- i 4! F B

ayi-jo-no pue snopudes a1y jo pus ou st g, (-

jo ued jeasd v pue ‘uayeys sem vussa EIS
SSOUIIE UsAD pPUE 'PIIDape SEAM BUQE[RD JO I[0UM L
suop afewep qonw pur uayeys L[SNOLAS 2IdM B
snIpes sojiu £Jusads JO SUC UINM puE ‘§ooys IsIy
£q smnur s pafonsap sem oS4 pue umo}

J_..-.._.J_nu ( i
ufp of O JO SUMO) 21} Iapun aq o3
POUID; JUI0 BN, JUS[OIA M YOI Jo gb
N2y 2124 sxooys 181 ‘gl ur pue ‘ssuo jeasd auam 108
I yoo syooys 66 *souesur 1oy *Egly avak
aarty 0 pies aq ALew 1 10§
pmoys 1 ¢ Eglr Lmeniqag jo 3& 2 uo
ddey yomgam jeyy st paodsar uo sayenb
2 paquosap £[enusiswnong jsou a1 jo su() (-£5)

sfay atay

F_.J..:.__ JOU PINOS A3Y) JBY] 20USOIA YOns M Inoty ue jo

menb e jo eadn 10) Apaydnuajuun uayeys Suiaq

U0 SIA[ISWAY] MOIY} pue “saiof

azam Loy “puepduog

amu uo  Suiarn  uaym

UOISEIDO JUO U0 sale 1P[equIn gy sYo0ys

Jo uonEmp Ayl ueyl AIBUWPIOBNXS oW jou 51 sayenb
- uBdLAWY Inog asayy jo Louanbayy ayy, (*zE)

15 19130 213 w0 |1y € jo adops 5y} 1A0 PaIageds

PUE ‘IJALI B SS0ID® PIss0] UIS( DATY O] PUnoj aIam

‘

sasdion jo 1aqunu jeaid ® ‘oyenbyuea i 1Bye I9A
w0y ‘equieqony 1y -pafonssp aiam suosiad coofof

FSANYAOHLAVE ONY SONVITOA LNOAY




ABOUT YOLCANODS AND EARTHOQUAK

earthquake. The ground undulated like a ship at sea.
People became actually sea-sick, and to give an idea of
the undulation (just as it happens at sea), the scud of
the clouds before the wind seemed to be fitfully arrested
ing movement when it took place in the
same direction, and to redouble its speed in the reverse
movement. At Oppido many houses were swallowed
up bodily.  Loose objects were tossed up several yards
into the air. The flagstones in some places were found
after a severe shock all turned bottom upwards. Great
fissures opened in the earth, and at Terra Nova a mass
of rock 200 feet high and 4o0 in diameter travelled four

during the pi

miles down a ravine. All landmarks were removed, and
the land itself, in some instances, with trees and hedges
growing on it, carried bodily away and set down in
another place. Altogether about 40,000 people perished
by the earthquakes, and some 20,000 more of the epide-
mic diseases produced by want and the effiuvia of the
dead bodies.

(55.) Volcanos occasionally break forth at the bottom
of the sea, and, when this is the case, the result is usually
the production of a new island. This, in many cases,
disappears soon after its formation, being composed of
loose and incoherent materials, which easily yield to the
destructive power of the waves. Such was the case with
the Island of Sabrina, thrown up, in 1811, off St
Michaels, in the Azores, which disappeared almost as

soon as formed, and in that of Pantellaria, on the

Sicilian coast, which resisted longer, but was gradually
washed into a sheal, and at length has, we believe, com-
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44 ABOUT VOLCANOS AND EARTHOQUAKES.

starch by the contraction or shrinkage, and consequent
splitting, of the material in drying ; and resulting in those
picturesque and singular landscape-features called basaltic
colonnades : when brought up to day by sudden or
gradual upheaval, and broken into cliffs and terraces by
the action of waves, torrents, or weather. Those grand
specimens of such colonnades which Britain possesses
in the Giant's Causeway of Antrim, and the cave of
Fingal in Staffa, for instance, are no doubt extreme out-
standing portions of such a vast submarine lava-flood
which at some inconceivably remote epoch occupied the
whole intermediate space ; affording the same kind of
evidence of a former connexion of the coasts of Scotland
and Ireland as do the opposing chalk cliffs of Dover and

Boulogne of the ancient connexion of France with

o s

Here and there a small basaltic island, such
as that of Rathlin, remains to attest this former conti-
nuity, and to recall to the contemplative mind that sub-
lime anta m between sudden violence and persever-
ing effort, which the study of geology impresses in every
form of repetition.

(57-) There exists a very general impression that earth-
quakes are preceded and ushered in by some kind of
preternatural, and, as it were, expectant calm in the
elements ; as if to make the confusion and desolation
they create the more impressive. The records of such

ations which we possess, however strik g some par-
ticular cases of this kind may appear, by no means bear
out this as a general fact, or go to indicate any particular
phase of weather as preferentially accompanying their




yorpa ‘aoejms syywa I jo Suu apoys a1 sBuuq Lns

53090 JO SIY aniaf ronpiaiany B2 siawoad Jega
Jo ST, o 10!

10 { juswas Poreaage] Du:m_bu_.— 0} Spual ais JEY]

nq ,ﬁ._._.ﬁ_...::___.. OU AT PIHOMS ‘pag IU} JO pa] 241 U0 pue
02 a1 uo ayie Ay noe oy 10]) TajRW e yradns

ayy seaed 01 10 27 01 SPIE YOTM JEU) 30U 51 “I5ED juasaxd

[ jo ued aanoage ayg, .:Qw.nmu.:rcco

1 ur ‘asioj

puE urens jo A[F1EWaj|E 21E1S € 0Jul DBUNS S U I JO

su .m...:.:_ AU saop J.:u jo ﬁ:aa Ul “aL0jaI}

u pue uns 3y) jo uonse Ay, ‘uoneueid
X3 JO SpIOM M2} T paau Avun asnED PauoOnuUIW-}Se] AL,

"UOEIAC ) JAD Y} Uo 81 110] mr_mmon—,mc 213 uaamlaq

oUT[Eq Y} USYM JINIEL] JO JUBISUL I IUIULNGP O}

aoigns [ Lmaa £

P SO uEGD JUIWOont a3 10§ ‘EAETED

asay) [E—Ysmo syuea a3 jo uontod pres Iy uo

UOOWI PUE UNS DY) JO UOHOE [EPN i) uaaa ‘Aeu fided

oy dn Swdeay ‘spum npamod pue pIanuNUOI-Fuof

£q papre ‘apn | Aensnun ue { pur] Y} INA0 11 Jux

-A31[21 puE ‘zas oy Iaao awn e 10§ aunssaud sudydsow

-pe Sunenunide ‘UONENIONY [EJUIAWOITY Jesan)  Youq

g |oumeD 23 & 10 YoIa 3ouno Jse| Iyl s .__,__,_Qm.:. 15Ip

o aeaq ued Lo wnunxew 9 03 Swseasour A

-npead ‘sjutod 0rea0 e BIROS DY) Ul UIENS JO 31ES B Ul

m;_::q 1 ‘amnssaxd 30 juawadedsip ) ..xm.é uiduo a2y}
2 Mota 93 03 Suipioody  'A0UALINDI0

JO uayey W

I3 JO SIWTY Y U0 IDIUIN[UL Sunuunap B SUISIDIENND

o, 102410 1910 10 um._.ﬁ_,_zcEE jo mu._:._u._._d_.:on.

UMDY 12ADMOL] J:u.ﬂ,..:,ﬁ jou sa0p ST, "20UALINDD0

SaDUE)

MV SONVIIOA LOAOAV

SHHEVOOHLAVE




ABOUT V CANOS AND EARTHQUAKES,

at any instant has-the acting luminary on its horison, into

a state of strain ; and the whole area over which it is
nearly vertical, into one of compression. We leave this
point to be further followed out, but we cannot forbear
remarking, that the great volcanic chains of the world
have, in point of fact, a direction which this cause of dis-
i Id tend rather to favour than to contravene,
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48 THE SUN.

and so on: describing, or trying to describe, the horrors
of that desolation which would ensue. ‘They are as-
sembled and piled on one another in this powerful
poem with the hamd of a master of the horrible ; and
in the end everybody goes mad, fights with everybody
else, and dies of starvation.

(2.) But there would not be time for fighting or star-
vation. In three days from the extinction of the sun
there would, in all probability, not be a vestige of ani-
mal or vegetable life on the globe ; unless it were among

deep-sea fishes and the subterranean inhabitants of the

nestone caves.  The first forty-eight hours would
suffice to precipitate every atom of moisture from the
air in deluges of rain and piles of snow, and from that
moment would set in a universal frost such as Siberia
or the highest peak of the Himalayas never felt—a tem-
perature of between two and three hundred degrees
below the zero of our thermometers. This is no fanciful
guess-work.  Professor Tyndall has quite recently shown
that it is entirely to the moisture existing in the air
that our atmosphere owes its power of confining, and
cherishing as it were the heat which is always endea-
vouring to radiate away from the earth’s surface into
space. Pure air is perfecfly transparent to terrestrial
heat—so that but for the moisture present in the atmo-
sphere, every night would place the earth's surface as it
were in contact with that intense cold which we are
certain exists in empty space: a degree of cold which
from several different and quite independent lines of in-
quiry we are sure is not less than 230 degrees of Fah-




T
om uata yaya o jred £19ad ur { asmaatun 2[qIsIA Iy Jo

11

"._._._.....__.T 2 SOUIMIE JE

I} JO SUONE[SADI I2]SEA 1S

ay Aq ssaua(pi] ojur papeap fEmoe jng Suefesenxe
jou Luo jou readde 4oy ‘way Ieay swy 351y Ay 10)

oA as0yl 01 waas fewm Loy se pra ‘pue f suswaels

2SI JO JUTTLATIIND JSOUT DY JO JWOS JO UINIY AN Ve
JDUIDS WIDPOUT Ul
oy

om Funpou st a1k

08 e _.:.mr: QY] JO mos a1

© wayy uo wied o3 Supus

v s1axeay Aur Jo amos
aIep T Y] °
IS B JO ]SISUOD

uontodoad maw

Ul SNOWIoOUWa 05 Sjuamaje)s o

=

uns 213 noqe Aes o3 Suof we [ Jeqy powIsd
3 i sEatang (C€)

Tew 3q SN ‘2191 WAy} 995 2M S8 OnS

-U0D MOU 20 S f;:

FEIT NS =

ITUE Y21UM UL SJRUI]D 24 _..a.b._..c_
apds ur ‘wnjeg pue sdnf ospe
aweau 1) jo uds ur ‘Ao
spdiounad spqissiupe wo uMoys
[ “walqns sEpawut ne wol) Lese

‘puey IO Y3 U0 IIyM

3] I8 Qoo 2103 jo jrey

urm o dn ayewr [as £30xd Lewn am ey

za] J8 ammjeradms Suipoq &
eoad e ur pue

“nodea 1ou are sapnu araydsowie ou se LI

oL
Ay} JO JEY JITP A I3A0 Jqnop ou ‘s)sixs 35015 B YIng

il 1 2aow Lue
A 10 [RUNUE

ON  CI[EIS JEY) JO 0132 B[} MO[(] I9]IMOULISL] §JIAUIL

udem SUIoq Ul INOY UE 10§ JAT] P[NO2 J1 ©

‘e

| UB JOF ISOI) T YINS JEEA pInod 2]

HAS AHL




THE SUN.

come to measure in figures either the magnitude or
the minuteness of its mechanisms, we find our arith-
metic almost breaking down in the attempt, and num-
bers of ten or twenty places of figures, as it were tossed
about like dust, and turning up on every occasion.

(4) To come then to our subject. The first and
most important office the sun has to perform in our
system is to keep it together, to keep its members from
parting company, from seceding, and running off into
outer darkness, out of the reach of the genial influence
of his beams. Were "the sun simply extingmished, the
planets would all continue to circulate round it as they
do at present, only in cold and darkness; but were it
annihilated, each would from that moment set forth
on a journey into infinite space in the direction in
which it happened then to be moving; and wander

=3

on, centuries after centuries, lost in that awful abyss

which separates us from the stars, and without making

any sensible approach even to the nearest of them in
many hundreds or even thousands of years. The power
by which the sun is enabled to perform this office—to
gather the planets round its hearth and to keep them
there—is the same in kind (though very difierent in
intensity) with that which when a stone is thrown up
into the air draws it down again to the earth. As to
the manner in which this is effected by the weight of
the stone, or its tendency to fall straight down, acting
to turn or draw it out of its rightlined course oblique
to the surface, and oblige it to move in a curve,—with
the explanation of that we have here nothing to do.
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THE SU

the ancient Greek philosophers there was a lively dispute
as to the real size of the sun. One maintained that it
i 3 > as it looks to be," a thoroughly
out of a difficulty. All the best

n, however, clearly saw that it must

body. One of them (Anaxagoras) went

of saying that it might be as large as all Greece,
he got laughed at. But he was outbid by

-1

Anaximander, who said it was twenty-eight times as large

the earth. What would Anaximander or the scoffer of

, could he have known what we now
know, that, seen from the same distahce as the sun, the
territory of Greece would have been absolutely invisible;

earth, if laid upon it, would not

n one thirteen-thousandth part of its ap-

less in proportion, that is to say, than a

ingle letter in the broad expanse of type which meets

: reader's eye when a closely-printed volume with a

I and small type lies open before him.

notice is not to put before my
except in one single instance, any connected

(6.) My object in

g and deduction ; or to show how, from

principles of abstract science combined with observa-
tion, the results I have to state have been obtained
‘This would lead me a great deal too far, and would re-

quire not one but a whole series of such lectures, WhatI

s iginal type and page of **Good Words™ were here re-
ferred t chich this lecture first appeared in print : each page of
bout 6000 letters.  ‘The pages which now lie open

of the reader contain, together, only about 2600,
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THE SUN.

nother ; the one in the northern hemisphere, the other
in the southem, viz., at Hammerfest in Norway, and at
the Cape of Good Hope, both very nearly on the same
meridian, so that the sun, or the moon, or any other
heavenly body attains its greatest altitude above the hori-
, passes the
dian of each) very nearly at the same time. Suppos-
then that this, its meridian altitude, is carefully ob-
served at each of these two stations on the same day; it
is easy to find, by computation, the angles included be-
tween each of the two lines of direction in which it was
seen from the two places, and their common line of
junction; so that taking this latter line for the base of a
triangle, of which the two sides are the distances of the
objéct from either place, those two sides can thence be

zon of each (or as astronomers express

calculated by the very same process of computation which
is employed in geographical surveying to find the distance
il from observations at the ends of a measured

Now, the distance between Hammerfest and the

in a straight line is nearly 6300 miles, and owing

to the situations of the two places in latitude, the triangle

ion is always what a land surveyor would call a
avourable one for calculation: so that, with so long a base,
we may reasonably expect to arrive at a considerably
exact E...Cﬂ.__r.__mhc of its sides,—after which a little addi

leulation will readily enable us to conclude the
distance of the object observed from the earth’s centre.

(8.) When the moon is the object observed, this ex-
pectation is found to be justified. The triangle in ques-
tion, though a long one, is not extravagantly so. Its
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length., The necessary observations were made at the

time of the last “t in 1769, and will no doubt be
repeated on the next o on of the same kind, in 1874.%
(10.) From the distance of the sun so obtained, and
from its apparent size (or, as astronomers call it, its
r diameter), measured very nicely by delicate
instruments called micrometers, the real diameter of the
sun has been calculated at 882,000 miles, which I sup-
pose may be taken as exact to a few odd thousands.
(11.) Now, only let us pause a little, and consider
nong what sort of magnitudes we are landed. It runs
glibly over the tongue to talk of a distance of 95,000,000
of miles, and a globe of 880,000 miles in diameter, but
such numbers hardly convey any distinct notion to
the mind. . Let us see what kind of conception we can
get of them in other ways. And first then, as to the
distance. By railway, at an average rate of 40 miles an
hour one might travel round the world in 26 days and
ghts. At the same rate it would take 270 years and
more to get to the sun. ~ The ball of an Armstrong roo-
pounder leaves the gun with a speed of about 400 yards
PET SECOor at the same rate of transit it would
re than thirteen years and a quarter in its journey
sun ; and the sound of the explosion (sup-
the interval with the same
speed that sound travels in our air), would not arrive
ocity of sound, or of any

till half a year later. The v

stated is that which results from this 3.%.3
ined in Lecture V.,
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THE SUN.

represented by a fourpenny-piece, and a distance of a
thousand miles by a line of less than one-twelfth of an
inch in length. A circle concentric with it, representing
on the same scale the size of the moon's orbit about the
=arth, would have for its diameter only thirty-nine inches
and a quarter, or very little more than half the sun's
Imagine, now, if you can, a globe concentric with this
earth on which we stand ; large enough not only to fill
the whole orbit of the moon, but to project beyond it on
all sides into space almost as far again on the outside!
A spangle, representing the moon, placed on the circum-
ference of its orbit so represented, would require to be
only a sixth part of an inch in diameter.

(14.) It is nothing to have the size of a giant without
the strength of one. ‘The sun retains the planets in their
several orbits by a powerful mechanical force, Jprecisely
as the hand of a slinger retains the stone which he whirls
round till the proper moment comes for letting it go.
The stone pulls at the string one way, the controlling
hand at the centre of its circle the other. Were the
string too weak, it would break, and the stone, prema-
turely released, would fly off in a tangential direction. Ifa
mechanist were told the weight of the stone (say a pound),
the length of the string (say a yard, including the motion
of tl ), and the number of turns made by the stone
in a certain time (say sixty in a minute, or one in a

second), he would be able to tell _:._un._.mﬁmu. what o:mr. to
be the strength of the string s0 as fust st fo break; that
is to say, what weight it ought at least to be able to lift
without breaking. In the case I have mentioned, it
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power of gravitation, that its intensity—the energy of its

pull—is less and less as the distance of the thing pulled
is greater: and #hat in a higher proportion. At double
the distance, the force of the pull is not halved, but
quartered : at triple, it is not a third part, but a ninth.
There are mountains in the world five miles high ; that
is to say, whose summits are five miles farther from the
centre of the earth than the sea-level. If a ton of lead
were carried up to the top of such a mountain, though
it would still balance another ton, or zz40 weights of a
pound each on the scales, then and there ; yet it would
not require so great an effort, such an exertion of mus-
cular force, to raise and sustain it by five pounds and a
half. Now, fancy it removed to a height of 94,900,000
miles from the earth’s surface, and estimating by the
same rule its apparent weight, you will find, if you make
the calculation, that it would not require more m,m.c: to sus-
in it from falling, than would suffice to lift one thirty-
seve in from the surface of the earth.
(19.) This, then, one thirty-seventh part of a grain, is
the force which the earth, placed where the sun is, would
exert on our lump of lead. But we have seen that to
retain such a lump in such an orbit requires a pull of &
Ib. 6 oz 51 grs. Of course, then, the earth, so placed,
would be quite inadequate to retain it from flying off.
To do this would require as many earths to pull it as
there are thirty-seventh parts of a grain in 1 Ib. 6 oz
: : that is to say, by an easy sum in arithmetic,
356,029 ; or in round numbers, 360,000, Now, this is
valent to saying, that to do the work which the sun
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upright there, than he could here on earth with twenty-
nine men on his shoulders. He would be squeezed as
flat as a H::.:.“an _u.f. his own weight.

(z0.) Giant Size and Giant Strength are ugly <qualities
without beneficence. But the sun is the almoner of the
Almighty, the delegated dispenser to us of light and
warmth, as well as the centre of attraction ; and as such,
the immediate source of all our comforts, and indeed
of the very possibility of our existence on earth. Ewen
the very coals which we burn, owe their origin to the
sun’s influence, being all of vegetable materials, the re-
mains of vast forests which have been buried and pre-
served in that form for the use of man, millions of ages
before he was placed on the earth ; and which, but for
the solar light and heat, would have had no existence.*
Indeed, the theory of heat which is now gaining ground
would almost go to prove that it is the actual identical
heat which the sun put into the coal, while in the form
of living vegetation, that comes out again when it is
burnt as coal in our grates and furnaces; so that, after
all, Swiit's idea of extracting sunbeams out of cucumbers,
which he attributes to his Laputan philosophers, may
not be so very absurd.t

e on Astronomy, by the anthor of this paper, in
et Cyclops published in _m.uu. Stevenson

neer) has more recently drawn atiention to this

sre 5o at least than some of his other Laputan speculations ;

1ct.

+ Not m:
such as calc r o gunpowder: or moving vast locomotive

S hich feats have, in & somewhat altered
form of expiession, been aceomplished (as in the explosion of potas-
sium when laid on ice, and the movement of a ship by electro-mag-
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64 THE SUN.

all be equally well warmed and lighted,—and, then, that
is only in one plane! But there is the whole sphere of
space above and below, unoccupied ; at any single point
of which if an earth were placed at the same distance,
it would receive the same amount of light and heat
Take all the planets together, great and small ; the light
and heat they receive is only one 224 millionth part of
the whole quantity thrown out by the sun. All the rest
escapes into free space, and is lost among the stars; or
does there some other work that we know nothing about
Of the small fraction thus utilized in our system, the

earth takes for its share only one 1oth part, or less than

one 2oco millionth part of the whole ,_E__._:u..

Eu.uzc..,___s_..:,__...r,.nm:::_,::_.::mn_%n_.:s.s.muw
fact to start with, let see what amount of heaf the
carth does receive from the spn.  The earth is a globe;
and therefore, taken on an average, it is constantly re-
ceiving as much, both of light and heat, as a flat circle
8coo miles in diameter, held perpendicularly to receive
it. Now, that section is 50,000,000 square miles, so that
there falls at every instant on the whole earth 50,000,000
times as much heat as falls on a square mile of the hottest

ert under the equator at noonday with a vertical sun
and with not a cloud in the sky—and in fact nearly a
third more ; for more than a quarter of the sun's heat is
absorbed 1 e air in the clearest weather, and never
reaches the ground. Now, we all know that in those
countries it is much hotter than we like to keep our
rooms by fires. I have seen the thermometer four inches

deep in the sand in South Africa rise to 150° Fahrenheit:
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66 THE SUN.

of the sun's surface is equal to that which would be pro-
duced by burning on that square yard six tons of coal
per hour, and keeping up constantly to that rate of con-
sumption—which, if used to the greatest advantage, would
keep a 63,000 horse steam-engine at work.—And this,
mind, on each individual square yard of that enormous
surface which is 12,000 times that of the whole surface
of the earth !

(26.) Let me say something now of the /igh? of the sun.
The means we have of measuring the intensity of light
are not nearly so exact as in the case of heat—but this at
least we know—that the most intense lights we can pro-
duce artificially, are as nothing compared swrface for sur-
firce with the sun.—The most brilliant and beautiful light
which can be artificially produced is that of a ball of
quicklime kept violently hot by a flame of mixed ignited
oxygen and hydrogen gases playing on its surface. Such
a ball, if brought near enough to appear of the same size
as the sun does, can no more be looked at without hurt
than the sun—but if it be held between the eye and the
sun, and Aotk so enfeebled by a dark glass as to allow. of
their being looked at together—it appears as a black
spot on the sun or as the black outline of the moon in

an eclipse, seen thrown upon it. It has been ascertained

by experiments which T cannot now describe, that the
brishtness, the intrinsic splendour, of the surface of such
a lime-ball is only one 146th part of that of the sun's
surface. That is to say, that the sun gives out as much
light as 146 balls of quicklime each the size of the sun, and
each heated pver ail its surface in the way I have de-
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68 THE SUK.

ference.” Every ray of light which comes from the sun is
not a simple but a compound #hing. Here, again, I must
explain. The air we breathe is not a simple but a com-
pound #hing. It is separable at least into four distinct

L=

birigs, as different from one another as any four things
you can name. Well, then, so of a ray or beam of the
sun ; it may be separated, split, subdivided, not into four,
but into many hundreds, nay, thousands, of perfectly dis-
tinct rays or things, or rather of three distinct sorts or
species of rays; of which one sort affects the eyes as
lig one the sense of {eeling and the thermometer as
heat ; and one the chemical composition of everything
it falls upon; and which produces all the effects of photo-

graphy. Each of these three classes (and I believe there
are several more, indeed I have proved the existence ot
one more) consists of absolutely innumerable specres or
sorts ; every one of which is separated from every other

stinct as that which
separates Kent and Sussex on a map. A ray of light is

by a boundary line, as sharp and as

a world in miniature, and if T were to set down all that

experiment has revealed to us of its nature and constitu-

tion, it would take more volumes than there are pages
in the manuscript of this lecture.

(29.) When the sun’s light is allowed to pass through

Il hole in a dark place, the course of the ray or

m may be traced through the air (by reason of the

small fine dust that is always floating in it), as a straight

line or thread of light of the same apparent size, or very

nearly so, from the hole to the opposite wall. But if in

e of such a beam, be held at any point the edge
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il THE SUN.

where they fell. The shot would fall in one place, the
wheat in another, the sand in another, the chaff in
another, and the feathers anywhere—nowhere ; but none
of them in the straight direction in which they were
originally tossed. All would be dezdated ; and if you
marked the places of each sort, you would find them all
arranged in a certain order—that of their relative light-
ness—in a line on the ground, oblique to the line of their
projection. You would have separated and assorted
them, and formed a specfrumr, so to speak, on the
ground ; or a picture of what had taken place in the
process ; which would in effect have becn the perfor-
mance of a mechanical amalysis of the contents of your
basket.

(30.) Bearing always in mind that it is an illustration
of a series of facts, not a theoretical explanation of a
natural process, which is here intended ; I will now pro-
ceed to observe that the analogy of this case to that of
the prismatic analysis of a sunbeam may be pursued still
further. If the original contents of the basket had been
all of one material, such as sand, consisting of a mixture
of particles of every gradation of coarseness and fineness ;
from small H_nm._u_cr. down to m:suu:umzn dust ; the trace
upon the ground, the sand spectrum, however long,
would be uninterrupted : the coarsest particles Iying at
one end ; the finest at the other ; and every intermediate
size in every intermediate place. On the other hand, in
the case first supposed, and supposing the shot to differ

dnder se in respect of size within certain limits ; the wheat
grains again within certain other ; the sand within other;
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THE SUN.

also by differences in the material of which they con-
sisted.

(31.) Every observer who has examined the spectrum
with more care than the last, has added to the number
of these lines. Dr Wollaston first noticed two or three
of the meost conspicuous. Fraunhofer registered and
fixed the places of some thirty or forty more ; and later
observers have mapped down with all the precision of a
geographical survey, not less than two thousand of them,
The knowledge of them, and the precise measurement of
their distances from one another, has proved most valu-
able in a great many lines of scientific enquiry, and most
particularly in Optics and Chemistry ; and, quite recently,
has been the means of revealing facts respecting the con-
stitution of the sun itself, which one would have supposed
it impossible for man ever to have become acquainted
with. One word more on these lines—for we must hus-
band time, as there remains a great deal more ground
to go over. I have said that they are not sceasional, but
belong to the sun's light as suek.  But they may be con-
sidered as in some sort accidental as regards the sun—_for
the light of each of the stars when thrown into a spec-
trum, is found to have a different system of these ““fixed
lines.” And what is more, the light of every flame has
its peculiar lines, which indicate the nature of the burn-
ing substance. And in this way there seems to arise a
possibility that by studying these lines carefully, as ex
hibited by terrestrial flames and other sources of artificial
light, we may come to a knowlege of what the sun and
stars are made of. This is what men of science are now
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T4 THE SUN.

the chemical products have to be disposed of In the
case of gun cotton, it has been calculated that, if the sun
were made of it so condensed as only to burn on the
surface, it would burn out, at the rate of the sun's ex-
penditure of light and heat, in eight thousand years. Any-
how—fire, kept up by fuel and air, is out of the question.
There remain only three possible sources of them, so far
as we can perceive—clectricity, friction, and vital action.
The first of these was suggested by the late Sir William
Herschel in 180r; the second, at least as a possibility,
though without indicating any mode by which the neces-
sary friction could arise, by myself, in a work® published
in 1833. The theory at present current of it is founded
on what may not unfairly be considered a further develop-
ment of this idea, the friction being supposed to arise
from meteoric matter circulating round the sun, and
gradually subsiding into it, and either tearing up its sur-
face, or ploughing into its atmosphere. But on this we
cannot dilate, as nothing has been hitherto said about
the appearance of the sun in telescopes, and the strange
phenomena its surface, so examined, exhibits.

(33-) One of the earliest applications of the telescope
was to tum it on the sun. And the first fruits of this
application {which originated about the same time in
the year 1611, with Harriot in England, Galileo in Italy,
and Fabricius and Scheiner in Germany), was the dis-

* “Lardner’s Cabinet Cyclopmdia,” Astronomy, & 337 p. 212
Aristotle was earlier in making this suggestion : but such random
ses as those of the ancients can hardly merit the name of scien-
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(34.) But here comes the strange part of their history.
These spots are not permanent marks on the sun's
surface. They come and go. They begin as small dim
specks ; grow to be great blotches ; and then dwindle
away. Sometimes they are large enough to be seen
without a telescope, when the sun is near setting or just
risen, so as to have its dazzling splendour mitigated by
the vapours of the horizon, and admit of being looked
at steadily,. Many instances of such appcarances are
recorded, some very remarkable oncs, long before the
invention of the telescope. Two were so seen by my
son, Mr A. Herschel, in London, in November, 1861,
who sent me a drawing of them, which I found verified
on comparison with a drawing taken from the telescope
on the same day, by a very assiduous observer in my im-
mediate neighbourhood.

(35-) Ever since the first discovery of the solar spots,
they have been watched with great interest, and it has
been ascertained that they do not make their appearance
indiscriminately upon every part of the globe of the
sun, At or near either of its poles they never appear;
and very rarely indeed on its equator, or on any part of
its body beyond the 4oth degree of latitude—understand-
ing that term on the sun in the same acceptation which
geographers attach to it on our own globe. They
mainly frequent two zones or belts parallel to its equator;
bearing very nearly the same relation to that great circle
of its sphere which the regions on our own globe in
which the trade winds prevail, bear to the equatorial
region of the earth—extending, that is to say, to some
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78 THE SUN.

comparison of all the recorded observations of the spots,
that the periods of their scarcity and abundance succeed
one another at regular intervals of a trifle more than five
years and a half: so that in eleven yearsand one-tenth,
or nine times in a century, the sun passes through all its
states of purity and spottiness. Thus, for instance, in
the present century, the years 1800, 1811, 1822, 1833,
1844, 1855-0 were years in which the sun exhibited few
or no spots, while in the years 1805, 1816, 1827, 1838,
1849, 1860, the spots have been remarkably abundant
and large. Several attempts have been made to connect
this with periodical variations in the weather, with hot
and cold years—wet and dry ones—years of good and
bad harvests, etc. ; but though I believe there is some
such connexion, it is so overlaid and, as it were, masked
by the multitude of causes which act to produce what

we call the prevalent weather of a season, that nothing

factory has been made out. But there are two classes
of phenomena or facts which oceur here on earth which
certainly do stand in very singular accordance with the
appearance and disappearance of the sun’s spots. The
first 1s that splendid and beautiful appearance in the sky
which we call the Aurora or Northern lights ; and which,
by comparison of the recorded displays, have been ascer-
tained to be much more frequent in the years when the
spots are abundant, and extremely rare in those years
when the sun is free from spots. The other is a class of
facts not so obvious to common observation, but of very
great importance to us ; because it is connected with the
history and theory of the mariner's compass, and with
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THE SUN,

_EEcm.:..D::...,;nﬁuu..rq.emnmuoﬁﬁ,nunwur,&mﬁn—“
and two observers, far apart and unknown to each other,
were viewing them with powerful telescopes ; when sud-
denly, at the same moment of time, both saw a strikingly
brilliant luminous appearance, like a cloud of light far
brighter than the general surface of the sun, break out
in the immediate neighbourhood of one of the spots,
and sweep across and feride it. It occupied about five
minutes in its passage, and in that time travelled over a
space on the sun's surface which could not be estimated
at less than 35,000 miles.

(38.) A magnetic storm was in progress at the time.
From the 28th of August to the 4th of September many
indications showed the earth to have been in a perfect
convulsion of electro-magnetism. When one of the
observers I have mentioned had registered his observa-
tion ; he ght himself of sending to Kew, where
there registering magnetic instruments always at
work, © by photography at every instant of the
twenty-four hours the positions of three magnetic needles

ntly arranged. On examining the record for that

day, it was found that at that very moment of time (as if

nce had arrived with the light) all three had

made a strongly marked jerk from their former positions.
By degrees, accounts an to pour in of great Auroras
seen on the nights of those days ; not only in these lati-
5, in the West Indies; on the tropics
within 18° of the equator (where they hardly ever ap-
pear), nay, w still more striking, in South America

and in Australia ; where, at Melbourne, on the night of
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82 THE SUN.

below them, first, a layer of what we may consider real
clouds, which appear comparatively dark, as #f they were
not self-luminous, but were seen only by the reflected
light of the upper layer of bright ones ; seondaly, through
other openings in this first layer, a second still darker
layer, independent of the first, and probably still thou-
sands of miles below that, and reached by some—but
very little — light from above ;-and #hirdly, through
again other openings, what at present we must consider
to be the body of the sun itself—at some vast and im-
measurable depth still lower—and emitting so little
light in comparison as to appear quite black, though that
does not prevent its being in as vivid a state of fiery
glare as a white-hot iron ; when we remember what has
been said of the lime light appearing black against the
light of the sun’s surface. And it is a fact, that when
Venus, and Mercury pass across the sun, and are seen
as round spots on it, they do really appear sensibly
blacker than the blackest parts of the spots.

{40.) The sun then has an atmosphere, and in that
atmosphere float at least three layers of something, that,
for want of a better word, we must call clouds. The
two nearest the body are not luminous. They cannot
possibly be clouds of watery vapour, such as we have in
our air, for water in a non-transparent state could not
exist at that heat; but they may be what perhaps we
might call smokes, that is to say, clouds in which the
metals or their oxides and the earths exist in the same
intermediate form that water does in our clouds. The
third or upper layer of luminous clouds, or, as it is called,




ae “02 “roydsoune suns oyl ojur sau0)s JUOAIBU JO
Suysep a1 anoqe pres aq fem 1aA2)EyM pue ‘few Lag
1eym Loy aq ‘sayep asayy puy “qrpros jo 1108 dwios
Huaey ‘saess 10 ‘sayey ‘s1a9ys Juapuadspur pue seiedas
5e Smun_— .Pam I uod 01 g an_u.-...ﬂzu._ .m:::.c.lm snyeu ._.,_.m._.—m.ﬁ
® 10 ‘Apnopd ® ‘snozodes e jo Fuiaq a2y jo uonou Ay
01 jueudndar aunb wess spemYd asap [E—(jREsN
afipuq ay jo “Appwreu ey ‘Uonoanp uwowwod ® PAPE
01 waas Anp ased ydym ut Yods v ssoroe a8puq jo 108
B w0y £ay3 azaya 3daoxa) 12110 YIED PEMYIE PUE SS010E

a1f Ao oy ut Leas 2y pue { sayjoue 0y suo Luepus

PExa oYy fs1alqo asay jo adeys syugap L[Suipasaxa
ML, IDJEM IEI[D JO 3[0q] Hm.._umu 2 Jo um?_.. 213 1T Op Spaam
<825 10 syuepd-109em Swos Jo saAwa] [[ewrs oy jey) aoue
-readde jo aos s yonw Sunussaid Sods sy jo apppiu
a1 spresod spreamut Jud jsow ayy 10y yuiod L2y asaga
Jo0ds ¥ jo s1aproq oy je 3daoxs ¢ supyypds jo auwed agy
ut spuds pajea axe ey a1y ‘Suonoanp qe ur Isoue
auo Fuissord a1 Inq “(are Summ s Apranng ¢ uo ssoy sv)
1pio Luw ur pafuvie jou SIE SI[EIS 10 SIATI asay T,
‘aslp Suppdue weq) ‘way) saquosap 91 sv ‘feap MO[[M T
Jo ey 9y atom st yyym ‘adeys pue szis anugep urel
-133 2u0 jo Lpoexd Jo Lpeau (e ‘wfuryy 1o s10alqo (enpra
-1put ‘pajemsur ‘syeredas Jo s)sisu0d UNS AY) Jo SOUMNS
18uq s ‘Bonprm uso sup jo adodsapey suy K194 ® ym
aprw ‘suoneatasqo suy 01 Swipioooy pdwsenN I
£q apew uaaq sey £12A0051p [NjI2puUOM IS0 B Jwmn ey
umpLa ng fuonMINSUOd PUR AMJTU S} O} SE URAUN T
“inoqe e 3e Suigjou mouy o3 pres aq JySmu o ofe sreak
inoj 10 sampy yuy Sunp jo wos w st fasaydsojoyd ay,,

ns AHL




By THE SUN.

evidently the fmmediate sources of the solar light and heat,
by whatever mechanism or whatever processes they may
be enabled to develop and, as it were, elaborate these
elements from the bosom of the non-Jluminous fluid in
which they appear to float. Looked at in this point of
view, we cannot refuse to regard them as organisms of
some peculiar and amazing kind ; and though it would
be too daring to speak of such organization as partaking
of the nature of life, yet we do know that vital action is
competent to develop both heat, light, and electricity.
These wonderful objects have been seen by others
as well as by Mr Nasmyth, so that there is no room to
doubt of their reality. To be seen at all, however, even
with the highest magnifying powers our telescopes will
bear when applied to the sun, they can hardly be less
than a thousand miles in length, and two or three
hundred in breadth.

{41.) Next as to the actual size of the spots them-
selves: the distance of the sun is so vast, that a single
second of angular measure on its surface as seen from
the earth corresponds to 460 miles; and since, to pre-
sent a distinguishable form, so as to allow of 2 certainty,
for instance, that it is round or square, in the best tele-
scopes, an object must present a surface of at least a
second in diameter, it follows that to be seen at all so as
to make out its shape, a spot must cover an area of not
less than two hundred thousand square miles. Now,
spots of not very irregular, and what may be called a com-
pact form, of two minutes in extent, covering, that is to
say, an area of between seven and eight hundred millions
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86 THE SUN.

moon is opaque (or not transparent), it completely stops
all the light from every part of the bright disc of the sun,
s0 long as the fofal eclipse continues, which is sometimes
as much as two or three minutes ; and then are witnessed,
what at no other time can be seen, viz., certain wonder-
ful appearances of rose-coloured masses of light project-
ing, as it were, from the dark edge of the moon, for the
most part like knobs, or cones, or long ranged ridges
of what would seem to be mountains, rising from it ; but
sometimes like clouds or flaring flag-shaped masses of
red light, some of which have been seen quite detatched
from all connexion with the moon's border. That they
belong to the sun, however, and not the moon, is evident
from the fact that the moon in its progress over the sun's
face gradually Aédes those #o which it is approaching, and
discloses those which belong to that side of the sun
which the moon is going to leave ; for I should mention
that they are seen irregularly placed all round the edge
of the sun.

{43.) Now, what are these singular lights} Flames
they certainly are mnot; clouds of some sort it is ex-
tremely probable that they are, of most excessively thin
and filmy vapour, floating in a transparent atmosphere
which must for that purpose extend to a very consider-
able height above the luminous surface of the sun. We
are all familiar with the beautiful appearance of those
thin vapoury clouds which appear in our own atmosphere
at sunset. DBut these solar clouds must be almost infi-
nitely thinner and more unsubstantial, since even in that
intense illumination they are only seen when the sun
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THE SUN.

(45.) There is only one more point which my limits

will allow me to touch upon. I will go back to my origi-
nal metaphor. QOur giant may be a huge giant and a
strong giant, and a good-natured giant, but if he be a
sluggard he is no giant worth the name. We have seen
that he is a little slow to turn on his axis and roll himself
round in his nest. But take him in his relation to the
outer world, he is lively enough ; he “rejoices as a giant
to run his course ;” and vindicates his credit as a swift
runner with a vengeance! Hitherto I have only spoken
of the sun as a sun, the centre of our system ; and, as
buch, regarded by us as immovable, Even in this
capacity he is not gus#e fixed. If he pulls the planets,
they pull him and each other; but such family struggles
affect him but little. Zhey amuse them, and set them
dancing rather oddly; dut dow'? disturd Aim. As all the
gods in the ancient mythology hung dangling from and

ng at the golden chain which linked them to the
throne of Jove ; but without power to draw him from his
seat: so if all the planets were in one straight line, and
exerting their joint attractions, the sun, leaning a little
back as it were to resist their force, would not be dis-
placed by a space equal to his own radius ; and the fixed
centre, or, as an engineer would call it, the centre of
gravity of our system, would still lie within the sun's
globe.

(46.) But the sun has another and, so far as we can
judge, a much vaster part in creation to perform than to
sit still as the quiet patriarch of a domestic circle,
He is up and active as a member of a community like
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go THE SUN,

become familiar when we contemplate the sun. Tn what
has been said, it will be perceived that I have been more
anxious to dwell upon facts than theories, and rather to
supply the imaginations of my audience with materials for

forming a just conception of the stupendous magpificence
of this member of God's creation, than to puzzle them
with physical and mathematical reasonings and argu-
ments,

TE ON § 12,—The effect of any supposed small loss of time in
the trans on of the sun’s attractive force on the carth across the in-
tervening space, may be very easily made intelligible withont going
through any abstruse caleulation. The gulf exerted on the earth
waould be defioered there, not in the direction of the line joining the
sun and earth at the instant of its arrival, but of that which o join
thern when it left the sun.  Its action on the earth would therefore

que to their actual line of junction, or to what is called the

adius vector of the orbit—te , ot donoards £e surr, but towards
a point somewhat in advance of it—{f... Iying from it in the direc-
tion in space of the region towards which the earth is moving),
This force then being resolved in radial and tangential directions
waounld produce, in the former, a force directed to the sun differing
by a mere infinitesimal from its direct gravity—and in the latter, one
vt ys aceelerating the earth in ity orbit, and which, however minute,
must of necessity result in a continually progressive increase of the
major axis, and therefore of the length of the year. Supposing the
transmission of gravity to be performed with the speed only of light
the inclination of the line of pull to the radius vector would be
exact value of the coefficient of aberration), and the

£ g tangential force thence resulting would amount to
1-101358th part of the sun's direct attraction, a force whose effects
evident in a very few years—to say nothing of the

psed since the first determination of the length of the
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g2 OX COMETS,

is a great deal more about which our theories are quite
at fault; and, in short, that it is a subject rather eal-
culated to show us the extent of our ignorance than to
make us vain of our knowledge, and to cause us to ex-
claim with Hamlet, * There are more things in heaven
and earth, Horatio, than are dreamt of in our philo-
sophy.”  This; the sublimity of the spectacle they
afford ; and the universal interest they inspire, make the
appearance of a great comet an oeccasion for the ima-
ginations of men to break loose from all restraint of
reason, and luxuriate in the strangest conceptions. T
have received letters about the comets of the last fow
years, enough to make one’s hair stand on end at the
absurdity of the theories they propose, and at the
ignorance of the commonest laws of optics, of motion, of
heat, and of general physics they betray in their writers.
This is always the case whenever a great comet appears,
only that in the later instances one feature of the general
commotion of mind they inspire has been wanting.
Thanks to the prevalence of juster notions of the con-
stitution of the universe, and of the relation in which
man stands to its Author; countries calling them-
selves civilized appear not to have been disgraced by
any of those panic terrors, or thought it necessary to
propitiate Heaven by any of those superstitious ex-
travagances, about which we read on several former
occasions. Even at Naples, which seems to be almost
the lowest point of Europe in the scale of intellec-
tual and social progress, I have not heard that it was
thought necessary to liquefy the blood of St Januarius,
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04 ON COMETS,

great and general attractive force which keeps the planets il

in their orbits—and they have actually informed us of tle|

the weizit of one of the planets which could not have wil

been determined with any exactness if a comet had not it

on one occasion passed very near to it B

(3.) The ancients believed comets to be much of the t

i same nature as meteors or shooting stars—either i the i

earth’s atmosphere—not far above the clouds; or, at all i

events, much lower than the moon—or else as a species o |

of vapours or exhalations raised up from the earth by pra

the sun’s heat, or by some other unknown cause; but =

they never for a moment dreamed of their forming part @

and parcel of that vast system of planetary bodies cir- ol

culating about the sun, of which in fact they had hardly i

any distinct notions. In ancient history, however, v

several very remarkable comets stand recorded. One ot

i is mentioned by the Greek philosopher Aristotle in 371 v}

B.C., with a tail extending over a third part of the sky. : ak

Many great comets are recorded at even more ancient el

dates in the Chinese annals: for that strange people kept e

an official record of all the remarkable stars, meteors, it

and other celestial appearances, for more than a thou- bt

. sand years before the Christian era, and what is stranger 1
still, that record has been handed down to us and seems

dependable. A great comet was seen close to the sun U

62 years before Christ, during a total eclipse—and one -

which appeared in the year 43 ®.c, soon after the M..

murder of Julius Casar at Rome, was seen by all the ud

assembled people in full daylight. ; Such a thing, though ,,.._e

very uncommon, is by no means singular—it has hap- |
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96 ON COMETS

though, as sometimes happens in matters of pure acci-
dent and in the run of chances, it is not very unfrequent
{and we have lately seen it remarkably exemplified) for
two or even three very great comets to follow each other
in rapid succession. Thus the great comet of 1680 was
followed in 1682 by two other very conspicuous ones, of
which we shall have more to say presently.

(5-) When a comet is first discovered in a telescope it is
for the most part seen only as a small, faint, round, or oval
patch of foggy, or, as it is called, mebufons light, somewhat
brighter in the middle. By degrees it grows larger and
brighter, and at the same time more oval, and at length
begins to throw out a * #z/” that is to say a streak of light
extending always in a direction_from the sun, or in the con-
tinuation of a line supposed to be drawn from the place of
the sun below the horizon to the head of the comet above
it. As time goes on, night after night the tail grows
longer and brighter, the “Jead,” or nebulous mass from
which the tail seems to spring also increases, and within
it begins to be seen what is called a ® nucleus ™ or kernel,
a sort of rounded, misty lump of light dying off rapidly
into a haziness called the “swma ™ or haix  Within this,
but often a good deal out of the centre, there is seen

ith a good telescope and a high magnifying power a
very small spark or pellet of light which may or may not
be the solid body of the comet, and which is the real
nucleus. What in an indifferent telescope looks like a
rather large puffy ball, more or less oval, is certainly not
a solid substance. All the while the comet is getting
cvery evening nearer and nearer to the place of the sun,
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o8 ON COMETS,

only have witnessed. It also very often happens that a
comet, which before its disappearance in the sun's rays
was but a feeble and insignificant object, reappears mag-
nified and glorified, throwing out an immense tail and
exhibiting every symptom of violent excitement, as if set
on fire by a near approach to the source of light and heat.
Such was the case with the great comet of 168c—and
that of 1843, both of which, as I shall presently take
occasion to explain, really did approach extremely near
to the body of the sun, and must have undergone a very
violent heat. Other comets, furnished with beautiful and
conspicuous tails before their immersion in the sun's
rays, at their reappearance are seen stripped of that ap-
pendage, and altogether so very different that, but for a
knowledge of their courses, it would be quite impossible
to identify them as the same bodies. This was the case
with the beautiful comet of 1835-6, one of the most re-
markable comets in history. Some, on the other hand,
which have escaped notice altogether in their approach
to the sun burst upon us at once in the plenitude of their
splendour, quite unexpectedly, as did that of the year
1861,

(7.) 1 come now to speak of the paths described by
comets in the sky among the stars (which I need hardly ob-
serve keep always the same relative situations one among
the other, and stand as landmarks, among which comets,
planets, the moon and the sun pursue, or seem to us to
pursue, their déstined courses). Now we all know that the
sun, moon, and planets, keep to certain high roads, like

beaten tracks in the sky, from which they never deviate
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100 ON COMETS.

going to say will be already well known to a portion of
them, but will be quite new to many,—and I will try to
put it in such a way as shall not only be clearly intel-
ligible, fuet shadl stick by them, and become part and parcel
of their minds and thoughts henceforward—and I am
mistaken if many of this class of hearers (provided they
will give me the attention the thing requires) do not rise
from the perusal of this brief statement with much larger
and higher conceptions of the magnificent system we
belong to than they commenced it with.

(8.) The sun, as we all know, or may have heard, stands
immovable, or nearly immovable, in the centre of our
system, and all the planets, including the earth, circulate
or revolve round it, each in its own time and at its own
proper distance. These distances, for each planet, stand
to each other in relations of proportional magnitude,
which have become, by a long course of astronomical
observation and calculations, known to us with extreme
exactness, so that if the exact distance of any one of the
planets from the sun, or the exact interval between any
two of their orbits, can anyhow be ascertained in miles,
yards, or feet, the dimensions of all the rest in similar
units of measure may thence be derived. Supposing,
for instance, we knew exactly the interval between the
orbits of the earth and Mars, then if we would know the
respective distances of the several planets in their order
from the sun, it would only be necessary to multiply
that interval, in the case of Mercury, by the decimal

ion o'y392; in that of Venus by 1-3812; of the
h by 1gogs ; of Mars by 2'gogs; of Jupiter by
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ON COMETS.

those stated in my paper on the sun in the last lecture,
will not fail to observe that they are materially smaller—
by one thirticth part of their respective amounts. The
numbers there stated are in accordance with the state of
our knowledge accepted at the time when that lecture
was delivered, which rested for its basis on observa-
tions made upon Venus at the time of her transit across
the sun’s disc in the year 1769—observations by which
the nearest distance of the orbits of Venus and the earth
was concluded in terms of the earth’s diameter, on the
same general principle, though by a somewhat more re-
fined and circuitous process, as that from which the
least distance of Mars has just now been derived. As,
the circumstances of this earlier determination (delicacy
of instruments and means of observation alone excepted)
were much more favourable to exactness, astronomers
would have hesitated in accepting the more recent con-
clusion in preference to the former, were it not for the
support and corroboration it derives from another deter-
mination, also quite recent (though somewhat prier in
point of date), depending on a direct measurement of

the velocity of light by a peculiarly ingenious and delicate

process invented and executed by M. Foucault . To ex-
plain the nature of this process here would lead me too
far away from the immediate object of this discourse, from

ich, indeed, the whole of what is above said on the
distance of the sun and planets would be justly con-
sidered as o digression were it not in some sort obliga-
tory on every one to account for a n_m..Tn:.:._.w.ﬂ from
numerical statements once made. Suffice it therefore
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ON COMETS

Mercury and Venus by circles of 44 and g inches respec-
tively—that of the moon above the earth by ene 1sth of
an inch, and the globe of the earth itself by a dot barely
the thousandth part of an inch in size.

(11.) Strictly speaking, the orbits are not circles—they
are slightly oval, or, as it is called, elliptic in form, and
the sun does not occupy their common centre, but what
is called the foens of each ; that is to say, one of the two
pins round which an ellipse may be described by carry-
ing a pencil round them confined by a looped string
encircling them both. The planetary orbits, moreover,
all lie nearly in one plane, or very slightly inclined to
that in which the earth performs its annual revolution,
which is called the plane of the ecliptic—the angle at
which the plane of each orbit meets and cuts this, being
called its inclination to the ecliptic. They all eirculate
the same way round the sun, and the farther they are

m the sun the slower they move—so that while the
earth goes round it in 365 days, Mercury occupies only
58 in 1ts revolution, while Neptune requires no less than
168 yaars to complete one of his circuits.

(12.) When we come to the comets, however, we find a
very different state of things. A comet, it is true, moves
round the sun as his centre of motion : not, however, in
a circle, or any approach to a circle, but (with a very
few, and those highly remarkable exceptions)in an im-
mensely elongated, or, as it is termed, a very eccentric
ellipse. In consequence, the nearest distances to which
they approach the sun bear almost universally an exceed-

ingly small proportion to those they attain when most
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108 ON COMETS.

they cut across it at every possible angle, and, as nearly
as can be ascertained (with exception of one small class
of comets), quite indifferently as to the degree of their
inclination, or to the direction of the longer axes or long-
est dimensions of their orbits in space ; so that there is
no region of space, however situated either in direction
or distance from the sun, which a comet may not visit.
Neither do they conform to that other universal planet-
ary rule of circulation round the sun in one direction.

trograde comets, or those whose motion is opposite to
that of the planets, are as common as dirad ones, or
those which conform to the planetary rule. Here again,
however, there is a small class in which a tendency to
conformity is exhibited, co-extensive with that above
noticed, which affects a certain proximity to the ecliptic.
But of this we shall have occasion to speak more at
large.

(14.) It is only when all the particulars which determine
geometrically the situation and the form of the orbit of

a comet, its nearest distance from the sun, and the
direction in which it is moving,—or what are called the
elesments of its orbit,—that it can be ascertained whether
it has ever been seen before, and whether we are to
expect ever to see it again; and that its future course,
while it remains invisible, can be predicted with cer-

tainty. These elements are technically called—
1. The perifidlion distance, or nearest approach to the
sun,
2. The eccentricity of its ellipse, or whether the orbit
be sensibly a parabola.
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108 ON COMETS.

of a long ellipse or parabola as the possible form of a
comet’s orbit; and Dérfel, a German astronomer in
1681, upon a careful consideration of all the observa-
tions of the great comet of 1680, came to the positive
conclusion that that comet did really move in a parabolic
orbit with the sun in its focus. This was an immense
step ; but neither Dirfel nor any one else could at that
time give any account of the rarson 7ok this should be
the case, or in what sanner the comet was made to con-
form its sweep through space in so singular a way to the
sun.

(17.) The wonderful discoveries of Sir Isaac Newton
made all thisclear. He first showed that the sun controls
the movements of these wanderers by the very same force
acting according to the very same law which retains the
plancts in their paths—that marvellous law of gravita-
tion—the same power which draws a stone thrown from
the hand back to the earth (in a parabolic curve)—
which' keeps the moon from flying off, and holds her to
us as a companion—which keeps the planets in their
circles, or rather ellipses, about the sun—and which we
now know holds together several of the stars in couplés,
circulating one about the other.

(18.) The great comet of 1680, which occurred while
Newton was brooding over these grand ideas which
broke upon the world like the dawn of a new day in his
,” afforded him a beautiful occasion to test
the truth of his gravitation theory by the most extreme
case which could be proposed. The planets were tame
and gentle things to deal with, A little tightening of

“ Princi
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ON COMETS,

that moment had the astonishing speed I have just men-
tione Now observe one thing. The distance from the
sun's centre was about one r6oth part of owr distance
from it. All the heat we enjoy on this earth comes from
the sun. Imagine the heat we should have to endure if
the-sun were to approach us or we the sun to ¢};th part
of its present distance. It would not be merely as if
160 suns were shining on us all at once, but 6o times
160, according to a rule which is well known to all
who are conversant with such matters. Now that is
25,600, Only imagine a glare 25,600 times fiercer than
that of an equatorial sunshine at noonday with the sun
vertical. And again, only conceive a light 25,600 times
more glaring than the glare of such a noonday! In such
a heat there is no solid substance we know of which
would not run like water—hoil—and be converted into
smoke or vapour. No wonder it gave evidence of vio-
lent excitement—coming from the cold region outside

the planetary system, torpid and icebound ; already when
arrived even in our temperate region it began to show
signs of internal activity—the head had begun to develop
and the tail to elongate till the comet was for a time lost

sight of. No human eye beheld the wondrous spectacle
it must have offered on the 8th December. Only four
days afterwards, however, it was seen: and its tail, whose
direction was reversed and which (observe} could not
possibly be #he same fail it had before—({for it is not to
be conceived as a stick brandished round, or a flaming
sword, but fresh matter continually streaming forth),—its

il I say had already lengthened to an extent of about
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=« ON COMETS

his calculations with the observed places of this comet
to collect observations of former comets, and endea-
vour to make out their paths, or, as we now express
it, to determine the elements of their orbits. With in-
credible labour he calculated the orbits of twenty-four

remarkable comets, and among them he found two
whose “elements” agreed in a remarkable manner with
those of his first comet—both great comets, viz., one
observed by Appian in 1531, and one by Kepler in
16oy, and he noticed also this fact, this remarkable ap-
proximate coincidence—from 1531 to 1607 is 76 years,
and from 1607 to 1682 75 years. This led him to sus-
pect that all three were one and the same comet, return-
ing periodically ; and guided by this idea he was led to
examine the records of history for comets of earlier date.
Among them, three turned up—in the years 1305, 1380,
1456—and when all these years are arranged‘in a series,
you see that the intervals are alternately 75 and 76
years. This confirmed him in his impression of its peri-
odical return ; and emboldened him to predict its return
about the end of 1758 or beginning of 1759. You will
observe that he allowed more than an average length of
the period (77 years) for the fulfilment of his prediction.
He had a reason for this. He ascertained that in com-
ing back it would pass near the planet Jupiter, which is
a large and massive planet, and Newton’s discoveries had
already taught him to contemplate the possibility of some
disturbance of its motion from the attraction of such a
body, and even enabled him to perceive that it would
act to refard the return or prolong the period. Such
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Ii4 ON COMETS,

Halley was right in his conjecture about Jupiter, and
that in fact the return of the comet would be delayed by
the attraction of that plamet 518 days, and by that of
Saturn 100 more, and that it would make its next closest
approach to the sun within a month one way or another
of the 13th of April 1759.

(24.) All the astronomers of Europe were looking out
for it, eager to seize it on its first coming within the range
of human vision. They were all disappointed of their
prize. It was carried off by a Saxon farmer of the name
of Palitzch, an astronomer of Nature’s own creating,
who was always watching the heavens,—without tele-
scopes, without knowledge,—simply from the profound
interest their aspect inspired him with. He it was who
first caught sight of it, on the 13th December 1758, It
was taken up by others and regularly observed. It
passed its perihelion on the 13th of March, fust wwithin
the limit of possible uncertainty the mathematicians had

wedl for their calculations.

(25.) Thiswas certainly a very great and signal triumph.
It was repeated, with every circumstance that could
make it decisive or give it notoriety, in the year 1833,
the epoch of the next appearance of * Halley's Comet.”

he calculation of the planetary perturbations (as the
disturbances they cause in each other's motions are
called) had then been brought to great perfection. The
passage through the perihelion was predicted by M.
Pontecoulant to take place on the rzth November,
and by Rosenberger between the rrth and 16th. Im
point of fact, it happened on the r5th. And this time,
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116 ON COMETS,

ever, never seemed to be able to get far out towards the
sun, but always to be driven back and forced into the
tail, as if by the action of a violent wind setting against
them,—always from the sun,—so as to make it clear that
this tail is neither more nor less than the accumulation
of this sort of luminous vapour darted off i the first
insfance TOWARDS the sun, as if it were something raised
up, and, as it were, exploded by the sun’s heat, out of
the kernel, and then immediately and forcibly turned
back and repelled from the sun.

(28.) As this comet approached the sun, its tail, far
from increasing, diminished ; and between the middle of
November and the zist of January, strange to say, both
head (that is coma) and tail were altogether destroyed,
or at least rendered invisible. On the 21st of January
the comet was actually seen like a small star without any
tail or any haziness, and was only known nef to be a star
by being exactly in its calculated place, and by its not
being there next night. After that its head seemed to
form again round this star, and grew rapidly and visibly
from night to night, putting on appearances which could
not be clearly apprehended without elaborate figures

This growth of the comet was so very rapid, that in the

interval of 17 days from the time I first saw it as a round
body its real bulk had increased to 74 times the size it
then had—and at the same rate it continued to swell
out, not, however, preserving a round form, but growing
longer in proportion to its breadth as if it intended to
develop a new tail.  But this it never did—the dilatation
Or sWe out continued, and at one time it had exactly
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118 ON COMETS.

Neptune. But here we seemed to have quite a sort of
tame comet keeping within bounds, and.within call. Of
course its return was watched for with eagerness, but
alas! it never made its appearance again. At its next
return in 1776 this was well accounted for, as owing to
the relative situations of the earth, sun, and comet, it
eould not have been visible ; but at the next, in 1781,
the earth was favourably situated, since 5} years would
place the sun in the opposite part of its orbit; but 11
years in the same, and the calculators for a time were
puzzled. The solution of the enigma was a very strange
one. The poor comet had got bewildered. It had
plunged headlong into the immediate sphere of Jupiter's
attraction—had intruded, an uninvited guest, into his
actually nearer to him than his fourth

family circle
satellite, and into a situation where Jupiter's attraction
for it was two hundred times that of the sun. Of course
its course was for a time commanded entirely by this
new centre of motion, and the comet was completely
verted from its former orbit.

(31.) So far all was clear enough. But people began
to ask how, with so short a period, and being a tolerably
rge comet, it had never been seen before? Here again
Lexell called Jupiter to the rescue. As he had taken
away, so it turned out he had giv Jupiter, it will be
borne in mind, comes round to the same point of his
11 years and 10 months; two of the comet's re-

orbit
volutions would occupy 11 years and 3 months, so that
tracing back the comet two revolutions in its ellipse, and
Jupiter rather less than one in his circle from the place
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ON COMETS,

direction as the planets. It is but a small one, being
dom visible without a telescope. Its orbit was first
i computed on its appearance in 1795 (when it was dis-
| covered by Miss C. Herschel), and again in 1805 and

1819. Upon this last gccasion M. Encke, an eminent

s

| computist, found that its motion could not be explained =
without supposing it to move in an ellipse of the last il
¥ peried I have mentioned—and on searching back into L
| the records of comets he found those two I have just m
named, which agreed perfectly, and proved to have been m
really the same. {
(34-) Since that time it has been re-observed on every A
subsequent revolution in ‘22, '25, "29, '32, '35, "38, 42, e
's1,"55, and is always announced in the almanacs fml
as a regular member of our system. Its nearest approach G
to the sun brings it just within the orbit of Mercury, and ni
) on one occasion that planet happened to be so very near 1 )
it on its arrival, that it produced a pretty considerable oy
disturbance of the comet. But here, too, as in the case ek
of Lexell's comet, not the smallest perceptible effect was ad|
produced &y the comet ex the planet; and thus two =
aluable pieces of information were gained. JFirsf; As- (i
i tronomers were enabled to estimate the mass or weight | un
of that small planet better than by any other means ; and iy
secondly; It was proved that #kis comet also has no per-

ceptible weight—and is also a mere puff of vapour, or
something as unsubstantial.

(35.) There is another strange fact which this comet
has revealed. Itssuccessive revolutions are each a little
shorter than the last—a small fraction of a day, it is true,
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ON COMETS

154k, avers that he had a good view of it on the 1444,
and remarked nothing particular in its appearance. Be
that as it may, the comet from a single became a double
one. What domestic troubles caused the secession it is
impossible to conjecture, but the two receded farther
and farther from each other up to a certain moderate
distance, with some degree of mutual communication and
a very odd interchange of light—one day one head being
brighter and another the other—till they seem to have

eed finally to part company. The oddest part of the
story, however, is yet to come. The year 1852 brought
round the tinie for their reappearance, and behold! there
they both were, at about the same distance from each

other, and both visible in one telescope.

(37-) The orbit of this comet very nearly indeed inter-

ts that of the earth on the place which the earth oc-
cupies on the 3oth of November. If ever the earth is to
be swallowed up by a comet, or to swallow up one, it will
be on or about that day of the year. In the year 1832
we missed it by a month. The head of the comet en-
veloped that point of our orbit, but this happened on the
29th of October, so that we escaped that time. Had a
meeting taken place, from what we know of comets, it is
most probable that no harm would have happened, and
that noboedy would have known anything about it.*

* It would appear that we are happily relieved from the dread of
h a collision. It is now (Feb. 1866) over due! Its orbit has
been recomputed and an ephemeris calculated.  Astronomers have
been eagerly looking out for its appearance for the last two
months, when, according to all former experience, it ought to have
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_H+ ON COMETS

tail, which stretched half-way across the sky after sunset
in March of that year. But its head, as we here saw
was not worthy such a tail  Farther south, however, it
as seen in great splendour. I possess a picture by Me
Piazzi Smythe, Astronomer-Royal of Edinburgh, of its
appearance at the Cape of Good Hope, which represents
it with an immensely long, brilliant, but very slender and
Jerked tail. Of all the comets on record, that approached
nearest the sun—indeed, it was at first supposed that it
had actually grazed the sun’s surface, but it proved to
have just missed by an interval of not more than 8o,000
miles—about a third of the distance of the moon from
the earth, which (in such a matter) is a very close shave

indeed to get clear off. There seems very considerable

reason to believe that this comet has figured as a great
comet on many occasions in history, and especially in
the year 1668, when just such a comet, with the same
remarkable peculiarity, of a comparatively feeble head
and an immense train, was seen at the same season of
the year, and in the very same situation among the stars.
Thirty-five years has been assigned with considerable
probability as its period of return, but it cannot be re-
garded as quite certain. (It will of course be understood
that the return of a great comet to the neighbourhood of
the sun by no means implies that it should be a con-
spicuous one, as seen from the earth. The phase of its
greatest development may be, and is, indeed, more likely
than not to be, ill-timed, as regards the relative situations
of the earth and sun, for its exhibi as a great celes-
tial phaznomenon.)
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126 ON COMETS.

made out from the imperfect records we possess of their
courses, with that of the comet in question. The next
return, on this supposition, would have fallen about the
year 1846 or 1847. It did not, however, appear at that
epoch, nor in any subsequent year up to the present
time, although, from some very elaborate calculations by
Mr Hind and Professor Bomme (too elaborate, it would
ppear, to have been bestowed on the imperfect records
we possess of its previous history) it should have been
delayed by planetary perturbations for several years be-
yond that date, and even so late as to the year 1858
or 1860,
{42.) Accordingly, when the three great comets, whose
lin and since the year 1858 has so surprised and
ighted the astronomical world, made their successive
appearances, there were few persons at all acquainted
with cometary history whose first impression was not
that of the return of * Hind's Comet,” as it had grown
to be called, from the eminent calculator and mathe-
matician who had bestowed so much pains on it. This,
however, it is needless to observe, was not the case.
./._.,wm:..q of them had ever been seen before, nor can
either of them ever be expected to appear again, unless
to a posterity which may look back on our record of
them as we do on those ancient Chinese annals already
spoken of.  Of these, by far the most magnificent
in point of mere display, as well as the most inter-
esting, when contemplated in a physical point of view,
was that of 1858 (the fifth of that year), or Donati's
comet, as it is now called, from the astronomer of that
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128 ON COMETS.

tember, had become unmistakable, and continued to
increase in amount as the latter extended in apparent
dimension, till it assumed at length that superb aigrette-
like form, like a tall plume wafted by the breeze, which
has never probably formed so conspicuous a feature in
any previous comet. To a certain extent, it is a common

ture in the tails of comets, and is usually re-

garded as conveying the idea of their moving in a

resisting medium ;—in a space, that is to say, not quite
empty, as smoke is left behind a moving torch. But
this is a very gross and inadequate conception of the
peculiarity in question, The resistance of the “ether,”
such as the phenomena of Encke's comet already
noticed, may be supposed to indicate, is far too infin-
itesmally small to be competent to produce any per-
ceptible deviation from straightness. Nor is it at all
necessary to resort to any such explanation of the fact.
Such an appearance would naturally arise from a combi-
nation of the motion the matter of the tail had (in
participation with that of the nucleus) with the impulse
given it by the sun—each particle of it describing, from
the moment of quitting the head, an orbit quite different
from that of the latter; being necessarily, under the

rence of the repulsive force directed from the sun, a
curve of the form called by geometers an hyperbola,
nearly approaching to a straight line, and having its con-
vexity turned towards the sun: the visible form of the
tail (be it observed) being, nof the perspective view of
such an orbit, but that of the pertion of space contain-
ing, for the time being, all those particles, each describ-
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130 ON COMETS.

its separation, behind the head, into two main streams
with comparative darkness between them. This would
be a natural and necessary optical consequence of the
tail consisting of a hollow, conical envelope, streaming
off on all sides around from the head, and presenting to
the eye therefore a much greater thickness of luminous
matter at its edges than at its middle. Butin this comet
the separation, when viewed through powerful telescopes,
was singularly sharp ; and appeared as a clear, narrow,
straight cut, or dark chink, originating close to the nucleus
(as, indeed, on that explanation of the fact it ought).
And this brings me to treat of the appearances presented
by the head and nucleus under the inspection of power-
ful telescopes.

(45.) All considerable comets which have been ex-
amined with anything like what would in these days be re-
garded as a powerful telescope, have presented the appear-
ance of a nucleus of more or less definable and condensed
light, sometimes having a much brighter and almost
stellar point in or near its centre, and at some distance,
in the direction of the sun, a capping of light sométimes
quite separated, as if some transparent atmosphere
sustained it—more frequently connected by those fan-
like jets of “flame,” such as we have mentioned in the

case of Halley's comet, and putting on the aspect of a
“sector,” or fan, opening out into a widening arc, and
bounded internally by two crescents springing from the
nucleus. Donati's comet exhibited this feature in per-
fection ; not, however, without striking variations and
individual peculiarities. There was the same appearance
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0N COMETS

structure and convolutions of the jets issuing from it
From this time, to its final disappearance, the violence
of action gradually calmed down, while the comet it-
self went southwards, and at length vanished from our
horizon.

{46.) An idea of the actual dimensions of this comet
may be formed from the measurements taken by Professor
Bond on the 2d October, which, combined with the dis-
tance of the comets from the earth at that date afiord
the following results, viz.:— i

Miles,

Diameter of the bright internal pellet or nuclevs, . 1,600
Distance from its centre to the summit of the

first envelope, 5 . o . 7,500

Distance to that of the second envelope, . ", 13,200
Breadth of the brightest part of the tail where it
seemed (to the naked eye) to issue from the

comet, ' § . . " 90,000

to which it may be added that the actual length of the

tail, when at its greatest development, could not have

heen less than 3o millions of miles, and those of the

faint streaks or secondary tails 34 or 35 millions.

(47.) The comet of 1861, which burst suddenly onus in
its full splendour on the 3oth of June in that year (though
it had been seen for seven weeks before in the southern
hemisphere), was considered by those who saw it at its
first appearance to surpass in brightness even that of
1858, and was remarkable for the extreme breadth and
diffusion of its tail when first seen, arising from the cir-
cumstance of the earth having been then situated nearly
in its prolongation. Indeed, it is not impossible that on.

that day we actually traversed some portion of it, our.
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i34 ON COMETS.

peculiarly interesting and instructive, it being only on
very rare occasions that a comet can be closely inspected
at the very crisis of its fate, 50 as to witness the actual
effect of the sun’s rays on it. In this instance, the pour-
ing forth of the cometic matter from the singularly bright
and highly condensed, almost planetary nucleus, took
place in a single compact stream, which after attaining a
short distance, equal to rather less than a diameter of
the nucleus itself, was so suddenly broken up and dis-
persed as to give, on the first inspection, the impression
of a double nucleus The direction of this jet varied
considerably from day to day, but always declined more
or less in one direction from the exact direction from the
sun. So far as I am aware, the formation of an envelope
disioined from the head was not witnessed in this comet.
{48.) And now, I daresay, all my hearers are ready to
ask—After all what # the tail of a comet? Is it material
substance in the first place? To this I answer unhesi-
tatingly, Yes! Donati’s comet has given a decisive proof
on that point. There isa criterion by which, sohen i is
observed, it can be positively asserted that the light by
which anything is seen has been reflected from a ma-
terial substance. The light reflected, when it exhibits
that peculiar property in which this criterion consists is
said to be polarised. The direct light of the sun or that
of a candle is not polarized, but when reflected at a par-
ticular angle on any surface but a metallic one, it &, and
if it is polarized, we may be sure that it is not direct
light thrown out by the object seen, but borrowed or in-
direct light. No matter at present what this polarization
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136 ON COMETS,

the stars shining through it.  Arcturus was noway dimmed
when it shone through the very middle of the brightest
part of the tail of that comet. But I have already stated
that that part measured go,ooo miles, and as this part of
the tail was no doubt rewnd, as thick as broad, the star's
ight must have shone through go,oco miles of this mist.
Now, every one must have noticed that the steam puff of
a mailway carriage completely obscures the sun, much
more a star.  You cannot see the sun throughit. Well,
then : there must have been less substance in the line of
go,000 miles of tail between the eye and star than in the
line of a few yards of steam smoke penetrated by the
eye in the other case.

(50} If you lock at a filmy cloud at sunset, though not
thick enough to hide a star, you see it bright with vivid
golden light by reflection from the sun. How much
more then if it were much nearer to the sun, and much
more strongly illuminated. Such a cloud is penetrated
with light through its whole thickness and reflects it
equally from its interior and exterior. Just so in the
almost infinitely more thin texture of a comet—even in
the densest part of the head it cannot be compared to
the lightest cloud so far as substance goes. In Biela's
comet very minute stars have been seen by myself
through a part of the head at least 50,000 milesin thick-

ness, which a fog a few yards thick would have extin-
cuished. A solid body of a round shape would exhibit
phases like the moon, and would appear sometimes as a
half moon, sometimes as a crescent, and sometimes as a
full moon—but the heads of comets show no such appear-
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138 ON COMETS.

form of existence, in which, like the air itself, they are
invisible. As the comet then gets heated a portion is
actually vaporized—and the vapour condenses as it
cools again, The whole substance of the comet of
Halley, as you have heard, was so evaporated in 1835-6,
all but what I suppose must have been really its solid
body ; that sfar which I have already mentioned, which
wis seen on the z2d January 1836 : and all that curious
process that went on afterwards, no doubt was that of the
re-condensation of the evaporated matter, and its gradual
re-absorption into and close around the body.

(52.) There is still one point in the history of comets
which I have not touched upon, or but slightly. Compa-
ratively only a few of the great number of comets which
have been observed, and of which the orbits have been
caleulated, have been seen more than once—the great
majority once seen, seem lost for ever. What becomes
of them, is a very natural question. The answer to this
is, that the time of the periodical return of a comet
depends entirely on the distance to which it may run out
from the sun. Now we know of nothing to interfere
with or disturb the motion of a comet, once clear of the
planetary system, between the farthest planet and the
nearest fixed star ; and that interval is so immense that
the imagination is lost in attempting to conceive it. ‘The
farthest planet we know of is only 3o times the distance
of the earth from the sun. Halley's comet in its ellip-
tic orbit of 75 years, goes only a little beyond that, or to
about 36 times the earth’s distance. Donati's comet, if
the computists are right, will return in 2100 years, and
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140 ON COMETS.

greatest discoveries only land us on the confines of &
wider and more wonderfully diversified view of the uni-
verse; and have now, as we always shall have, to ac:
knowledge ourselves baffled and bowed down by the
infinite which surrounds us on every side.

(54.) Beyond all doubt, the widest and most interesting
prospect of future discovery which their study holds out

to us, is that distinction between gravifating and levitating
matter, that positive and unrefutable demonstration of
the existence in nature of a repulsive force, co-extensive
with but enormously more powerful than the attractive
force we call gravity, which the pheenomena of their tails
afford. This force cannot possibly be of the nature of
electric or magnetic forces.* These forces are especially
polar in their action between particle and particle—a
magnet, or an electrified particle, of indefinitely minute
dimensions—so minute as the discrete particles which go
to form a comet’s tail, could by no possibility be either
attracted or repelled, as suoh, by a body, however power-
fully magnetized or electrified, placed at the distance of
the sun. It might have a direction given to its magnetic
or electric axds, but its centre of gravity would not be

Obs., &c., at the Cape of
To a ce

5o, and to that extent it is a recommendation, but I am here

only of that portion of the matter of the comet whose

lered as completely overcome, and

o or negative constitwent is fairly driven off, never

to return,  That which may be conceived to remain behind may

orm under the circumstances of the ease to the dynamical
Iations there indicated.
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LECTURE IV.
THE WEATHER, AND WEATHER PROPHETS.

# Varium et mutabile semper,”

JHERE is an ugly look about the sky, and
the wind is getting up, and Fitzroy’s storm-
signals were hoisted yesterday evening and
are up now. We shall have a gale. I am

afraid we must put off our boating for to-day anyhow,”
said my friend A to his wife the other day; * there
may be nothing in it ; but we should look very silly to
come home half-drowned in the face of a warning.”

(2.} And it was well the lady took the advice. It was
but a pleasure party after all. But the fishermen to
whom the loss of a day was a serious matter, put off
Not that they altogether poch-pooh'd the inverted cone
and drum : but they reckoned on twenty-fours’ law at
least, and suffered for their miscalculation. One boat

came on shore in fragments, several suffered damage,
and all agreed it would have been wiser to have stayed

at home.
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144 THE WEATHER, AND WEATHER PROPHETS.

dinate fluctuations, embracing in their whole extent and
in different years the longer period referred to*

(5.) Meteorology, so far as prediction of the weather

concerned (which most persons consider, very erron-
eously, to be its only practical object), may be regarded
as a science still in its infancy ; though if such be the
case, to judge from the voluminous nature of its records,
and the multitude of books which have been written
on it, its maturity, if ever attained, would promise to be
gigantic indeed ; were it not that the progress of all
real science is towards compression and condensation,
and its whole aim to supersede the endless detail of
individual cases by the announcement of easily remem-
bered and readily applicable laws. Most of the indica-
tions of the * weatherwise,” from Aratus down to Foster,
have hitherto been little more than what, in the language
of Mr Mill, would be called * simple connotations.”
The condor is circling in the sky: therefore a lion is
devouring a horse below. The sheep turn their tails to
the south-west: #lerefore there will be a gale of wind
from that quarter. The * Rainbow in the morning,”
&c. The * Evening red and the morning gray,” &c.,
&c.  All such connotations have their value in an abso-
lute ignorance of causes and modes of action: but it is
only by the study of #hese that we learn what to connote.
And there is no doubt, that since, after an immense

is the direction of the progress of the swse.  That of the

the gales which accompany it is at right angles to that

or from B.W. to N. in analogy () to the framsoerse

rofation of the etherial molecules in the propagation of a circalarly
polarized ray of light.
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146 THE WEATHER; AND WEATHER PROPHETS:

case with a rise, and in another with a fall in the ther-
mometer, may indicate, under given, or, as the case may
be, differing circumstances of wind ; widely different or
even opposite features in the character of the approach-
ing weather. It is to be borne in mind; however, most
carefully, that all such indications are to be received as
valid ( gre tanfe) only for a very brief interval in advance;
and that the ‘¢ weather-prophet” who ventures his pre-
dictions on the great scale, is altogether to be distrusted.
A lucky hit may be made : nay, some rude approach to
the perception of * a cycle of seasons” may pessibly be
attainable. But no person in his senses would alter his
plans of conduct for six months in advance in the most
trifling particular, on the faith of any special prediction
of a warm or a cold, a wet or a dry, a calm or a stormy
summer or winter. Of all the minor or simply connolatrve
indications of the coming weather (as distinct from
those which connect themselves with our knowledge of
causes), the only one in which we place the slightest
reliance is that the appearance of “ anvil-shaped clonds™
is very likely to be speedily followed by a gale of wind.
(7.) The moon is often appealed to as a great indi-
n..-n.oq of the weather, and especially its changes as taken
in conjunction with some existing state of wind or sky.
As an attracting body causing an * aérial tide,” it has
of course an effect, but one utterly insignificant as a
meteorological cause ; and the only effect distinctly
connected with its position with regard to the sun which
can be reckoned upon with any degree of certainty, is its
tendency to clear the sky of cloud, and to produce not
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148 THE WEATHER, AND WEATHER PROPHETS.

into the service the great and recondite names of Aro-
GEE and PErIGEE ; and professed to determine the char-
acter of the lunation from her proximity at new or full to
these mysterious points of her orbit. Both the one and
other rule utterly break down when brought to the tests
of long-continued and registered experience. Others,
again, drew their prognostic for the whole lunation from
the character of the weather during the first quarter.
Such was the rule said to have been implicitly adhered
to by the late Marshal Bugeaud in the planning of any
military expedition whose success was likely to be any
way dependent on weather :—

¥ Primus, secundus, tertius, nallas,
Quartus, aliguis,
Quintus, sextus, qualis ;
Tota Luna talis,”

(9.) 3dly, A more ambitious form of lunar prediction
was that of the late eminent meteorologist (for such, this
one crotchet excepted, he certainly was), Luke Howard ;
who took great account of the moon's declination as
influencing the averages of rainfall, and of the height of
the barometer. Still more so was his weather-cycle of
nineteen years, the period of the circulation of the nodes
of the moon's orbit ; in the course of which the afsoluse
maximum of nortk declination occurs when the ascending
node is in the spring equinox, and the moon go® in
advance of the node in her orbit, and that of sentk in
the reversed circumstances—the intermediate situations
of the node corresponding to the absolute minima of each.
These situations, according to the declination theory,
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150 THE WEATHER, AND WEATHER PROFPHETS.

who believe that they can trace in nature the operation
of motive and design as distinct from a mere necessity
arising out of the nature of things and the so-called

conservation of vis viva.

(12.) Let us take our globe as we find it—revolving on
its axis in twenty-four hours ; and carried round the sun
in an orbit oblique to its equator in a year ; which is
divided into two somewhat unequal halves (if such an
expression may be pardoned) from equinox to equinox
by its unequal angular motion in a slightly elliptic orbit ;
thus giving rise to unequal summers and winters in the
two hemispheres :—its surface very unequally divided
between land and sea—the land mainly congregated
upon one half of it, and that half principally belonging
to the northern hemisphere ; and so distributed as effect-
ually to bar all free circulation of the ocean in the direc-
tion of the diurnal rotation (or round the equator), and
allow but a restricted one in that at right angles to it {or
across the poles): thus compelling whatever circulation
does exist, to take place within three great basins or }
semi-land-locked areas, and a vast southern expanse into
which all the three open; and within each of which
a system of circulation is kept up by the action of the
winds ; its course being determined partly by the sinuosi- '
ties of their shores, partly by the imequalities of their
bottoms, and partly by the rotation of the earth itself

(13.) We have, besides, to consider the globe as en-
tirely and deeply covered by an atmosphere of mixed
gases—highly elastic, very dilatable by heat, and of
extreme mobility : expanding itself in virtue of its elas-
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THE WEATHER; AND WEATHER PROPHETS.

paradoxical as it may appear, such ascensional move-
ments are the primary cause of this state of things; in
consequence of the habitudes of air with respect to heat
when compressed or expanded, according to a mode of
action well understood by meteorologists, which we need
not stop here to explain, as the reader will readily collect
it for himself from what follows.

(15.) As the air aloft is colder than below, so also is
it dvier. Every one considers that he knows the dis-
tinction between damp and dry air; but many are not
aware that all air contains seme moisture, in the form of
transparent invisible vapour; or that in summer and
winter on two days, both which would in common par-
lance be pronounced dry ones, there is more than twice
as much moisture present in an equal bulk of air in the
summer, as in the winter day. In this state of invisible
vapour which water is always assuming (throwing itself
off in that form from its surface whenever exposed, and
the more copiously the warmer it is), the air is its general
recipient and distributor. ‘The mechanism by which it
is enabled to do so on the great scale is exceedingly
curious. We shall endeavour to exhibit it, as it were in
action—not so much with a view to affording a conp-o"edl
of the whole of meteorology, as with that of rendering
in some degree more intelligible than at present it seems
to be, that great pheenomenon of the November storms,
with the mention of which we began this lecture, which

ver been satisfactorily explained.

(16.) Looking at our globe as revolving under the

ng iniluence of the sun, whose rays at noon fall en
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154 THE WEATHER, AND WEATHER PROFPHETS.

happens that in the course of ages the whole ocean has
not been transferred by this sort of distillatory process
from the tropics to the poles; leaving the former dry,
and piling the latter with mountainous accumulations of
ice. Were the Polar regions of the globe occupied
by land instead of by sea, there is every reason to be-
lieve that such sweuld be the case. As it is, the contrary
arrangement prevails, and the Polar snows fall upen
these seas or upon their frozen surfaces, and form float-
ing masses of ice, which are partly broken up and drifted
away, and partly melted sn sif by currents of water per-
petually streaming in against and beneath them from
warmer regions, and thus become restored to the general
ocean.

(17.) But what, it will be asked of course, produces
these warm currents? And Aoz is the water of which
that snow consists, and all the rain which falls and feeds
the rivers that restore # to the sea, raised into the air,
and distributed over the world, and thrown down again
indiscriminately over all its surface’ Common sense
assures us that all the rain, &c., which falls from the
skies must have originated in the sea, and must (if the
present state of things is to endure) find its way back to
it. But how is it done? And, in the first place, where
are we to look for the motive power? To this the
answer presents itself at once. In the sun’s heat. Any
of our readers who will take the trouble to refer to Lect.
IL, § 23, will find that the amount of solar heat which
actually reaches the surface of our globe would suffice to
melt an inch in thickness of ice in two hours thirteen
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156 THE WEATHER, AND WEATHER FROPHETS.

the equatorial region of the earth habitually hotter by
about 80° Fahr. on an average of all seasons and hours,
than the Polar.

(18.) Hot air under equal barometric pressure is
lighter than cold. The equatorial portion of the atmo-
sphere, then, in comparison with the polar, is dilated
upwards ; the only direction in which the lateral pressure
it experiences will permit it to dilate. Hence, the ex-
ternal form of the atmosphere, and of each of its upper
strata, instead of conforming in exact parallelism to the
spherical® form of the globe on which it reposes, as the
laws of equilibrium would require ; are unduly elevated,
and bulged out, equatorially, into elliptic forms, a state
of things inconsistent with repose. The prominent
portion rests, in fact, either way, on a slope, and being
unsupported laterally, flows down on either side—that is,
from the equator towards the poles. In so doing, how-
ever, it deserts its place, and ceases to contribute by its
weight to the total pressure on the equatorial region;
while at the same time it goes to add to the weight in-
cumbent on the polar. Thus the hydrostatic equilibrinm
of pressure is subverted, and air is pressed inwards to-
wards the equator from the poles below, to make good
the efflux aloft. A circulation is established in each

hemisphere by inferior currents of air running in on both
sides towards the equator and superior ones setting out-
wards, all around the globe, from the equator towards
the poles. Both these, were the earth at rest, would

* We neglect the spheroidal form of the earth, which in meteor-
ology is never worth considering.
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Hmm THE WEATHER, AND WEATHER PROFHETS.

the intertropical region, and a little more, and which,
though differing as to north and south, conspire in their
general easterly character, the surface of the equatorial
ocean is driven westward, and directed full against the
two great barriers (the west coasts of America and Asia),
and divided northward and southward into streams or
currents which in their progress, after issuing from
tropical latitudes, receive a direction, by reason of the
rotation of the earth, corresponding to that of the anti-
trade winds. These also, beginning about the same
latitudes to descend to the sea level and sirike on the
ocean, aid their further progress, and carry them, or
portions of them, far northward and southward into the
Folar Seas, there to perform the work above assigned to
them of melting the ice, and so keeping up the total
amount of the ocean-water ; besides mitigating, to a
great extent, the severity of the cold on the coasts in
high latitudes on which they strike ; of which we have a
familiar example in the warming influence of the cele-
brated Gulf-stream.

(21.) The steady and equalized agency by which the

great system of the permanent winds and oceanic cur-

rents is kept up, which we have just described, contrasts
itself strongly with the violent and, as it may almost in
comparison be called, impulsive action of the sun on
and around the point of the globe over which, for the
moment, it happens to be vertical ; and which corre-
sponds to that portion of the solar energy which is
directly employed in producing evaporation. The nature
of this process we have now to explain.
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160 THE WEATHER, AND WEATHER PROPHETS.

at whatever part of the globe it happens to be vertical,
and at which there is a supply of moisture, and for
a very large space around it; what may be likened
to a vast up-surging fountain of air and vapour throw-
ing itself up with an impetus; breaking up and bulg-
ing outwards the immediately incumbent aérial strata
very far above their natural levels; and introducing
at the same time into the air a great quantity of va-
pour, as well as withdrawing, &p direct frangfer, from the
lower atmosphere, a great deal of air; which of course
has to be supplied by in-draft along the surface of the
earth.

(23.) The process now described, is in a great many

of its features similar to that gentler one previously
stated : and as it always takes place at some point
or other of the intertropical region, it conspires with
and locally exaggerates its result so far as the transfer
and circulation of air and the production of winds is
concerned. As regards the vapour, a large portion is
very speedily deprived of its elasticity and ascensional
power, and reduced to the state of visible cloud, col-
lecting and descending in rain, This is a consequence
partly of its arrival in a colder region, but mainly of the
property which all gases and all vapours alike possess,
of absorbing and rendering latent a large quantity of
heat as they expand in volume, and so becoming, #ps
JSacto, colder. Both the air and the vapour 4o so expand
as they rise, by reason of the diminution of pressure they
experience. The air indeed retains its elastic state as
air; however cold it may become ; and therefore merely
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the regions of the earth habitually swept by the trade-
winds aboupd in sandy deserts and arid wastes. When,
howeveryin the progress of that circulation, it descends
again to the earth, and becomes a surface-wind (assum-
ing the character of an “anti-trade”), it finds itself in
precisely reversed circumstances. It is now travelling
from a warmer to a colder region. Saturated with
moisture in the warmer, and parting with the heat
which alone enabled it to retain it, its vapour condenses.
Clouds already formed thicken, and descend in rain,
and fresh ones are continually forming, to fall in snow
at a further stage of its progress ; till all the superfluous
moisture is thus successively drained off, and it is pre-
pared to re-assume, while starting on a fresh circuit, the
character of a drying wind.

(25.) We have here the origin of that generally ob-
served differengg of character between our two most
prevalent winds=-the S.W. and the N.E. The fermer is
our “anti-trade,” that which from our geographical posi-
tion we are chiefly entitled to expect, and which, in
point of fact, is of far the most frequent occurrence.
Its prevailing characters are.warmth, moisture, cloud
and rain, as well as persistence and strength. In the
former of these characters it is strongly reinforced by the
circumstance of its accompanying across the Atlantic the
Gulfstream, which, in fact, it helps to drift upon our

western coasts, and which, retaining a considerable
amount of the equatorial heat, sends up along its whole
course a copious supply of vapour, in addition to that
with which the air above it is already loaded : and this
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H_...# THE WEATHER p: WEATHER PROPHETS.

in our ordinary barometers, When the North-east wind
brings snow, as it very frequently does, it is not by the
precipitation of its own moisture ; but by its intrusion as a
cold wind into a warmer atmosphere charged with mois-
ture, and ready to deposit it under any cooling influence.

{(27.) Complementary to the phaznomenon just men-
tioned of a tendency to North-casterly wind in the
spring, ie, to the production of a lull or temporary
intermittence in the regular South-west current, and the
substitution for it of its opposite ; may be considered that

gravation of its intensity which takes place subsequent
to the autumnal equinox; exaggerated, however, and
thrown later into the season, viz., into November, by the

ing action of several distinct causes, which we
will now proceed to explain.

{28.) As the sun in its annual course traverses the
sorthern and southern halves of the ecliptic, it creates
summer in the one hemisphere, simultancously with
winter in the other; and the balance of a€rial expansion
and aqueous evaporation is alternately struck in favour
of each. As a necessary consequence, a large amount
both of air and of aqueous vapour carrying air along
with it, is alternately driven over from one hemisphere
to the other. The only course which the elements so
transferred can pursue, is by passing in the higher
regions of the atmosphere across that medial line where
the two superior out-flowing currents separate on their
courses towards either pole—in other words, by joining
with, and reinforcing the * anti-trade” current on that
side of the equator forvards which they are propelled.
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WEATHER, AND WEATHER PROPHETSE.

(30.) In the view we have taken of the production of
the trades, the immediate verticality of the sun acts as a
disturbing force. In its passage from solstice to solstice
it causes an annual fluctuation or oscillation to and fro

medial line, and of the northern and southern
limits of the wind-zones ; which, where those limits cross
the ocean, is but of moderate amount, because the
medium temperature of the intertropical seas varies but
little with the seasons. But where they cross extensive
tracts of land, their oscillations to and fro may become
very considerable, owing to the high temperature which
the land is nﬁ.ﬁzn of acquiring. Now in this case, so
soon as the autumnal equinox is passed, the vertical sun
enters on the full breadth of this vast continental tract ;
and commencesthrowing up torrents of vapour and in-
tensely heated air, the latter being far in excess of what
it would be over an equal area of sea ; while at the same
time, owing to the sun’s then rapid motion in declina-
tion, the limits of the wind-zones retreat southward, and
their regularity is disturbed and broken ; which cannot
but give rise to great temporary confusion and disturb-
ance in the winds themselves. As to the * atmospheric
wave” which recurs periodically at this season, it results
most probably from the operation of the more general of
the causes above mentioned, by which a large amount of
extraneous air and vapour is thrown into the atmosphere
of the North Pacific; causing the south-west wind of that
ocean to sweep with increased force up the western
slope of that vast range of lofty mountains which fringes
the North American continent; and to be thrown up
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168 THE WEATHER; AND WEATHER PROPHETS

point—has been surmised from very early times; but
until lately, rather as a matter of occasional remark,
agreeing on the whole with the general impressions of
casual observers, than as a meteorological law of uni-
versal applicability. As such, however, it has now taken
its place among ascertained facts ; verified by the regis-
tered movements of the wind-vane at every station where
continuous observation is made ; and connected by the
researches of M. Dove with that great fact which under-
lies so many other ‘phanomena—the rotation of the
earth on its axis.* Nothing apparent
capricious than the shifting and wveering of a weather-
cock on a gusty day, and to any one who watches its
leaps to and fro for a few hours, it may well be a matter
of surprise to be told that with anything like a fair expo-
sure, the preponderance of its movement is sure to be in
one direction—if not in a week or two, at all events on
the long average, and in a great majority of cases before
the expiration of a month. Thus it appears from the
record kept at the Observatory at Greenwich, in which
every change of the wind's direction is noted by a piece

y can be more

of mechanism attached to the vane and traced on a
table by a pencil—that in the thirteen years elapsed
from the beginning of 1849 to the end of 1861, the vane
made 166 complete revolutions mere in the direction

= For the reasoning by which this connexion is made, and for
any casual advance and retréat of a body of air
e but limited tract of itry is transformed by
cause into a relative gyration, the reader is referred to the
works already cited in a former note.
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o THE WEATHER, AND WEATHER PROPHETS,

sty one would think, manifest itself in some effect or
other on our weather and climates, Such, however,
does not yet appear to be the case. The most obvious
consequence would seem to be a periodical return of
Aot and eold years, which, however, the average regis-
tered temperatures of successive years in different places
have not borne out. Yet, after all, it is possible that
meteorologists may here have been on a wrong scent,
and that increased emission of heat from the sun may
make itself felt, not so much in any material increase
of the average annual temperature, as in an increased
generation of vapour from the ocean; in a much more
copious and immediate rainfall in the equatorial regions
of the globe, and in a sensible increase of it over the
whole earth's surface : but especially in a more cloudy
state of the general atmosphere, consequent on the intro-
duction of a larger amount of vapour into it ; and in an
increased tendency to atmospheric disturbance and bar-
ometric fluctuation. No one who has watched with dis-
appointment the rapid upcast of cloud on a calm mormn-
ing commencing with unclouded sunshine, which blots
the prospect of a glorious summer day, and who has
seen the same change take place day after day, often for
weeks in succession, can have failed to be struck by that
self-induced interposition of a veil between the sun and
the earth’s surface which mitigates the ardour of his
beams and tempers them to the requirements of animal

and vegetable life. The increased heat, or by far the

greater part of it, may be expended in re-evaporading the
upper surface of this very clowd, and, by so doing, simply

TR EFFE
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172 THE WEATHER, AND WEATHER PROPHETS,

and his selection of the kind of vegetation with which it
shall be habitually clothed, place to a great extent
within his power. It is chiefly in his clearance or allow-
ance of orescent vegetation, and in his artificial
drainage of the soil over extensive districts for agricul-
tural purposes, that his influence on these relations is
perceptible.  The total rainfall, and (which is perhaps
regards weather and climate of even more import-
ance) the freguency of showers on an extensive well-
wooded tract, or one entirely covered by forests, ought,
on every theoretical view of the causes which determine
rain, to be greater than on the same tract ¢

enuded of
trees.  The foliage of trees defends the soil beneath and
around them from the sun’s direct rays, and disperses
their heat in the air, to be carried away by winds, and
thus prevents the ground from becoming heated in the
summer ; while, on the other hand, a heated surface-soil
reacts by its radiation on the clouds as they pass over it,
and thus prevents many a refreshing shower, which they
would otherwise deposit, or disperses them altogether,
So again of drainage :—by carrying away rapidly the
surface-water down to the rivulet, and so hurrying it
away to the ocean, it not only cuts off a great deal of
the supply of local evaporation, which is a material
element in the amount of rainfall, but by causing the
surface to dry more rapidly under the sun’s influence,
it allows it also to become more heated ; and so to con-
spire with the action of the denudation of trees to prevent
rain.  Evidence is not wanting to corroborate this @
Priori view of the matter. The rainfall over large regions
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THE WEATHER, AND WEATHER FROPHETS

b wt:_._..__..ﬂu_ uninkabitable in summer ..-..._ﬁ___..__ mere wwant _w.m. ded

qrater, .u_ |
: (34.) To return to our prognostics. We would w
f strongly recommend any of our readers whose occupa- |
i tions lead them to attend to the “ signs of the weather,” o
i and who, from hearing a particular weather adage often o]
{ repeated, and from noticing themselves a few remarkable ngl
_ instances of its verification, have * begun to put faith in d

it,” to commence keeping a note-book, and to set down mod

without bias all the instances which occur to them of Tl

the recognized antecedent, and the occurrence or non-
occurrence of the expected consequent, not omitting
also to set down the cases in which it is left undecided ;
and after so collecting a considerable number of in-
stances (not less than a hundred), proceed to form his
judgment on a fair comparison of the favourable, the
i unfavourable, and the undecided cases: remembering |
always that the absemce of a majority one away or the
other wonld be in dtself an improbability, and that,
therefore, to have any weight, the majority should
be a very decided one, and #iaf not only in itself,
but in reference to the neutral instances. We are 1
/ all involuntarily much more strongly impressed by the
ient than by the failure of a prediction, and it

is only when thus placing ourselves face to face with
fact and experience, that we can fully divest ourselves of
this bias. Any one before whose eyes these pages may
pass, for _.q_.z.r.":q.nu who may feel L._.n.—vﬂmni to m_{n our
dictum respecting the clearance of the sky under the in-
fluence of the full moon (we will not say through a hun-
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LECTURE V.

CELESTIAL MEASURINGS AND WEIGHINGS.
“ Omnia in numero, pondere, et mensurd,"

HERE are epochs in the history of every great
operation, and in the course of every under-
taking, to which the co-operations of succes-
sive generations of men have contributed

pecially such as have received their increments at
various and remote periods of history) ; when it becomes
desirable to pause for a while, and, as it were, to take
stock ; to review the progress made and estimate the

amount of work done: not so much for complacency, as
for the purpose of forming a judgment of the efficiency
of the methods resorted to, to do it; and to lead us to
e how they may yet be improved, if such improve-

ment be possible ; to accelerate the furtherance of the

object ; or to ensure the ultimate perfection of its attain-
ment. In scientific, no less than in material or social
undertakings, such pauses and reswmés are eminently
useful ; and are sometimes forced on our consideration

b
L
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178 CELESTIAL MEASURINGS AND WEIGHINGS.

: as concluded from the immense series of great Trigono-
! metrical Surveys carried on mow during nearly two &n
centuries, have quite recently, and in two distinct and it
independent quarters,® undergone a fresh, and most m
_ searching and elaborate inquiry. And the conclusion =
! from both is, that our knowledge on this point is not (]
likely to be improved in any material degree by any o1
further operations of the kind ; at least until the time, o
probably yet far distant, when the Australian Continent Bal
shall have become easily and conveniently traversable il
from North to South, and when the wastes of Patagonia aB
and Terra del Fuego shall afford to future geodesists the p,nw_
opportunity of winning a hard-earned distinction. Till 2
then (and most probably then also), we must rest satisfied il
with the conclusions arrived at,—conclusions, be it ob- il
served, which have disclosed a numerical relation of F;L
i singular simplicity between our British unit of measure e
and the length of the earth’s polar axis, i L.
{4.) Moreover, in ignorance probably of this last-men- -
tioned fact, and therefore with too gratvitous a contempt _.“-
for our national and time-honoured standards, and too -
hasty a preference for the apparently more scientifically, |
: ; iy
i and certainly more symmetrically, constructed system of |
our continental neighbours, an agitation is and has for i
: some time been going on, headed by persons of con- y
siderable influence, and strongly, no doubt, though we
think unduly, impressed with the advantage of the
change ; with the object of abolishing i Zofe our British
* By Gen. de Schubert (Mem. Imp. Acad. Petersburg, 1859)%
and Capt. A. R. Clarke, R.E. (Mem, R.A.S,, 1860).
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180 CELESTIAL MEASURINGS AND WEIGHINGS.

sources of positive enjoyment which are not less real
because they are intellectual, or less valuable because
they cannot be appropriated or bartered in exchange:
but which yet cannot be attained by mere intellectual
aspiration or effort ; but require for their production and
dissemination appliances and means of a refined charac-
ter, and combinations of a recondite kind ; such as only
an advanced stage of material as well as intellectual pro-
gress can furnish. Such a piece of intellectual wealth is
the solution of that great enmigma (such, at least, in all
former time) of the distance of the stars,—a problem
which has yielded, at length, to the delicacy and refine-
ment of astronomical observation, during the lapse of
the last thirty years ; combined with and acting through
the marvels of mechanical skill and workmanship which
are now obtainable. That distance is now no longer
the hazy and absolutely indefinite matter of conjecture
which it was (to go no farther back) in the time of New-
ton, or even in the middle of the last century. Of some,
at least, of them it can be said with every reasonable
assurance of probability, that their distance is known
within an eighth or a ninth part of the truth, one way or
the other: and of several, that we can arrange them in
order of distance, nearer and more remote, with little ox
no presumption of mistake. A stepping-stone is thus laid
for another upward struggle towards the infinite—to the
nebulz, the remotest objects of which we have any know-

apevos, Gr.), expresses wealth in its largest sense of general abund.
ance and well-being.  Ploutos (whovres, Plutus), rickes, in the miore
sted sense of the precious metals, or, at the utmost, of exchange-
able value,

=
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132 CELESTIAL MEASURIN AND WEIGHINGS

K sides, or to half the height of the altar of incense. And i

the same is true of similar representatives of the most il

i commonly received units of weight and measure of w
capacity. What the original type might be, which such

i standard professed to represent, matters little. The i

] inhabitants of a nation might agree to use for their unit ]

: of length the foot of one of their ancient heroes, or the ard

hundredth part of the height of their principal church, ey

or the hundred thousandth part of the extreme breadth tag

of their country from sea to sea. But as these objects o]

could never be appealed to for the settlement of any |

practical dispute between man and man, or to convict i

the user of any fraudulent measure, a material and pro- tbey

ducible object must exist in some safe custody, carefully e

preserved, or safe in its received sanctity, from damage; b

and authoritatively declared, and generally believed to by

: be, rigorously equal in length to its prototype; and to bame

have been, at some period, however remote, ascertained g

to be so by some appropriate process of comparison ; or, bt

at all events, by the exact copying of some former and i

lost standard’ so compared. And from the moment of )

such authoritative declaration, the length of this material i o

it representative necessarily becomes the real and Jogal o

unit of length. The hero may turn out, on a close and _ thay

irreverent scrutiny of history, to have been a purely of {

mythical personage ; the church may have been con- wH|

sumed by fire ; the breadth of the land diminished by the it

encroachments of the sea: but so long as the standard o il

remains uninjured by rough usage, and secured from loss Sy

by a s nt multiplication of authentic copies, its =
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18 CELESTIAL MEASURINGS AND WEIGHINGS.

tedious but impracticable, except on a carefully-levelled
plain free from all obstructions. Nevertheless, when the
object is to measure any large tract of country, or to con-
struct a chart of a territory by what is called a * Trigone-
#etrical Survey,” it is indispensable to lay down and
measure, no matter at what cost of time and labour,
some one such very long line, as a “Jase fine ;" and to
mark its two extremities in some very distinct and per-
manent manner: so that their linear distance (a large
multiple of the original standard unit) shall not only be
exactly known, but shall be capable of being appealed
to for all future time, or at least till the whole work is
completed, as a new and larger unit, “#&he Jength of the
dase,” to which all other distances in the survey are tem-
porarily referred. These, being subsequently reduced
by ealeulation to multiples and fractions of the original
unit, all the dimensions of the territory become finally
known in yards, feet, and inches. For the purpose of
measuring such a base, the ground must be cleared and
reduced to perfect horizontality (or any slight inclina-
tion exactly taken account of), and the intended base
line alfineated by placing a telescope a little beyond one
of its proposed extremities, so as to command them
both, and as it were to fore-shorten its whale length into
one point, the intersection of two wires in its focus.
Anything seen in the telescope to the right or left of
this point, or above or below it, is out of the line.

(10.) Whenever lengths are to be added by the re-
petition of one and the same unit, there is always a pos-
sibility of error arising from imperfect juxta-positions.
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did.® Thus the bar has been moved forward by its exact
length én the air, as it were, without touching anything.
Arrived at the end of the base, a dot is made and ad-
justed under the terminal microscope on a gold or
platina plate let into a solid block of stone already pre-
pared—the starting point having been a similar one
similarly fixed at the other end.

(11.}) The base measured, the “ Trianguiation” com-
mences. This is founded on the universally known fact
that when two angles of a triangle are known, a know-
ledge of the length of the side between them leads by
exact rules of calculation to that of the other two; ac-
cordingly, at the two extremities of the base, and cen-
trally over the dots which mark them, are placed deli-
cately divided instruments called theodolites, competent
to the measurement of angles to an extreme nicety. The
telescopes of these being pointed so as to look down the
throats of each other, it is clear that both must be

directed along the base line, and if then turned on some

one object at a distance considerably greater from either
than they are from each other, that object becomes the
summit of a triangle, the inclinations of whose sides to
the base is measured. Its distance from either end of
the base then can be calculated. Thenceforward either
of those sides becomes available as a new and longer
base. And thus the survey may go on, throwing out

* In actual practice the procedure is o little more complex, but
th inciple is the same; and it is only intended here to convey to
the ted a general notion of the sort of niceties which have
to be attended to.
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of which had perished in the lapse of that interval. The
Chaldean astronomers at the later epoch above men-
tioned are reported to have arrived at an estimate not
very remote from the truth.  But the first estimate which
has been handed down to us, accompanied with a state-
ment of the process by which it was arrived at, is that of
Eratosthenes (mc. 250); who, measuring the shadow
cast by a vertical rod on the day of the summer solstice
at Alexandria, and coupling it with the fact reported to
him, that at Syene in Upper Egypt on the same day,
the bottom of a well received the full sunshine, con-
cluded a difference of latitude between the two places,
équal to one soth part of the circumference of a meridian.
Hence, imagining the two places to lie pretty nearly
north and south of one another, he concluded the cir-
cumference of the earth to be fifty times the distance
from Alexandria to Syene, which on the most probable
interpretation of his estimate of that distance in the
itinerary measures of the time, affords an approximation
to what we now know to be the truth, by no means con-
temptible ; falling within about a sixth part of the real
circumference, and if the deviation of the mutual direc
tion of the places from the true meridian be allowed for,
within much less.

(13.}) Thus we see that with very coarse and rude
means of observation and measurement, it is not difficult
to arrive at what may be termed a respectable estimate
(as contrasted with a mere guess) of the size of our own
globe ; which is our first step outwards into those distant
regions which will next engage our attention. We need
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100 CELESTIAL MEASURINGS AND WEIGHINGS.

calculation of the sides of the triangles, considered as fying
not on a plane, but on a spherical sugface, and ultimately
(as we shall see) on a spheroidal one. It is not our
object to dwell on these details, or to describe more
minutely any one of the many operations of the kind
which have been carried out or are still in progress in
France, England, America, Prussia, Austria, Italy (but
more especially and on the vastest scale in the Russian
and in our own Indian Empire), and in the southern
hemisphere at the Cape of Good Hope, We are only
concerned here with the final conclusions arrived at, and
with the reasons on which they rest, and these are;—
1st. The length of a degree of the meridian, in what-
ever region of the earth it is measured, is very neardy the
same, nowhere varying from a general average by more
than about one zooth part of its amount. And from
this it follows that the figure of the earth approaches
exceedingly near to that of an exact sphere. For the
length of such a degree is a measure of the curvature of
the surface, it being evident that were any one to travel
southward till the meridian altitude of a star was
increased by one degree, he must have arrived at a
place where the surface on which he stands is just
one degree inclined to that at his starting point: so that
in walking on he is at that moment pursuing a course
deviating by one degree from the direction of his outset.
Now this deviation from a straight course is our idea of
curvature, The curvature of each geographical meridian
then is very nearly the same everywhere. In other
words, the earth is very nearly a sphere. The average
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_Cm CELESTIAL MEASURINGS AND WEIGHINGS.

part of its polar semi-axis: that is to say, if we disregard
so insignificant error as a furlong upon Scco miles,
or one part in 64,000.

(15.) It follows, moreover (as may be verified by any
one who will make the calculation), that if we consent
to disregard so trifling an error as one part in 8000 ; one
cubic geometrical foot of distilled water at our standard
temperature weighs exactly roco of our acfwal imperial
ounces, and is exactly filled by 100 of our acfual impe-
rial half-pints.*

(16.) Having thus exhibited the connexion between
our ordinary measures of length, weight, and capacity,
and the dimensions of the globe we inhabit (a connexion

of singular felicity, when we consider the simplicity of
the numerical relations), we are prepared to take a fur-
ther step, and, by using the diameter of the earth itself
as a base-line, carry on the same principle of triangu-
lation into our solar and planetary system. In this, the
natural unit—that to which astronomers have agreed
with one accord to refer all its dimensions—is the mean
or average distance of the earth from the sun, or the
semi-axis of the ellipse which it describes about that
luminary.
(17.) The way in which a knowledge of this distance
ined being very fully described in our Lectures on
" and on * Comets,” + it is unnecessary to re-

their true
ing one part

t A very unfortunate errafers exists in one of the numbers in p.
T
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104 CELESTIAL MEASURINGS AND WEIGHINGS.

ring (which they do in a very leisurely manner), leaving

the apparent displacement of the planet on the swn's disc
to subsequent calculation, on a comparison of reports
from all the points of observation selected. One-fourth
of the advantage arising from its proximity, it is true, is
lost, by the sun itself sharing to that extent in the dis-
placement of the planet; but enough remains to give
this a superiority over every other method of measuring
stance.

{18.) Taking as the general conclusion for that dis-
tance which we must at present rest in, that assigned in
our article last cited, viz, 91,718,000 imperial (or
91,626,282 geometrical) miles, we find it equivalent to
23,222 polar semi-diameters of the earth, er ten million
times that number of GEOMETRICAL CUBITS of twenty-five
geometrical incles each,

(r9.) Our next step is to the fixed stars, within whose
sphere modern science has at length made good a foot-
ing, secure, though somewhat unsteady for the present.
In conformity with the same principle of procedure, we
here rest for our base of operations on our last and
greatest aceessible measured length, viz,, the diameter of
the earth’s annual orbit, a base line of 183,000,000 miles,
which, as the orbit is very nearly circular, presents itself
(in some situation or other across it) perpendicularly to
a line joining the sun and any selected star, so as to be
seen unforeshortened from the star. As the earth at
half-yearly intervals passes alternately from one to the
other extremity of such a diameter, the visual line by
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195 CELESTIAL MEASURIKGS AND WEICHINGS,

called by astronomers)® can be ascertained. The first
s in determining the exact situation which its
rection in space holds at all times of the year in rela-

tion to some plane, and to some line in that plane which
we have reason to consider as fixed ; or at all events of
whose movements (exceedingly small in amount) we can
render an exact account.  Such a plane is that in which
the earth revolves round the sun, or the ecliptic, and such
a line that of the eguinexes, and the astronomical process

employed is that by which the two elements technically
lled the Jongitude and Zatitude of the star are determined.
This is in effect the process by which all celestial charts
are constructed and catalogues of stars made. Only for
equire to be made with

¥ best instruments ; with the minutest attention to

which can affect their precision ; and with the

orous application of an innumerable host of “car

" some large, some small, but of which the

st, neglected or erroneously applied, would be

it to overlay and conceal from view the

ntity we are in search of. To give some idea

s which have to be attended to in this in-

/, it will suffice to mention that the stability not only

of the instruments used and the masonry which supports
them, but of the very rock itself on which it is founded,
is found to be subject to annual fluctuations capable of
seripusly affecting the result. So that it is only when
after a series of observations continued for several years

* What is technically called paraliaz, is enly the aif of the total
annual apparent displacement.,
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158 CE TIAL MEASURINGS AND WEIGHINGS

illusory ; and it was not till the year 1839 that Mr Hen-
il derson, having returned from filling the situation of As-

tronomer Royal at the Cape of Good Hope, and discuss-

ing a series of observations made there with a large
15 “mural circle” of the bright star « Centauri, was enabled
nounce as a positive fact the existence of a measur-
lax for that star: a result since fully confirmed

able p
{5 with a very trifling correction by the observations of his
wccessor, Sir T. Maclear.
(22.) The parallax thus assigned to « Centauri is so
very nearly a whole second in amount (o™g8) that we
may speak of it as such. It corresponds to a distance
from the sun of 206,265 times that of the sun from the

earth, which, as we have already seen, is itsell 23,222

polar semi-axes of the latter, thus making a total of

4,780,880,000 such semi-axes (or 1o,000,000 times

it that number of geometrical cubits), equivalent to

18,918,000,000,000 (nearly mineteen billions) of British

statute miles. Its near neighbour @ of the same con-

\ stellation and other stars adjacent exhibit no such
annual displacement, and are therefore beyond the w

reach of our measurement. Such, then, is the length i
i of the soundingline with which we have first touched )

bottom in the attempt to fathom the great abyss of the
sidereal heavens. At such a distance, the vast globe

ng the earth's orbit, above spoken of, would be

(-}

covered from sight by a human hair held at twenty-five

fi

feet from the eye.®
(23.) The other mode in which this great question

* Supposing the pupil reduced to a point.
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200 CELESTIAL MEASURINGS AND WEIGHIN

nite and calculable proportion known beforehand ; and,
moreaver, the longer ought to be situated in g parallel of
latitude, and the shorter in a circle of longitude passing
through the star.

(24.) There is a star, the 61st of Flamsteed's list, of
those in the Constellation Cygnus—a star far, however,
from conspicugus for its brightness being only of the
fifth magnitude ; but which, for a reason presently to be
mentioned, was suspected to be nearer than the gener-
ality of the stars. This star was subjected by the late
Professor Bessel to the examination above described
between the years 1834 and 1838, and the result of his
examination (made public by a singular coincidence a
Jew days before the announcement of Professor Hender-
son’s discovery) was such as to leave no doubt of the
reality of its parallax, to the amount (as slightly cor-
rected by a further continuance of his observations) of

©35. Later astronomers,* going over the same ground,

with more perfect instruments and improved practice in
this very delicate process of observation, have found
a somewhat larger result—stated by one at o597, and
by another at o™z1—so that we may take it at o"54,
corresponding to somewhat less than twice the distance
of « Centauri; or to 374,320 solar distances, which
light would require about eight years and four months
to travel over.

(25.) It cannot be supposed that results like these
would be accepted without undergoing the most severe
scrutiny and receiving confinmation from further and

* Messrs Auwwers and O, Strave.
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202 CELESTIAL

MEASURINGS AND WEIGHINGS,

to the celestial vault and carried round with it, such a
thing is not to be supposed. In the total absence then

of any information as to the velocity or direction of the

real motions, we can only presume that such as appear
et to move fastest are nearest. The fact may be otherwise,

but such at least is the primd facie presumption. Now,
e the stars in general exhibit an annual apparent

W

proper motion averaging less than a second per annum,
} these two 61 Cygni and « Centaun, are carried annually
from their places, by movements apparently rectilineal
of g+-3 and 36 respectively : motions which would carry
them away from their places through a space equal to
the moon's apparent diameter in 339 and 499 years re-
spectively. In point of fact, we find that they ar¢ nearer,

1 so that a part at least of their great apparent motions £
owing to proximity.
' (27.) Such a uniformly progressive change of place

complicates apparently, but not really, the microscopic
process we have described. Being accurately known by
! long continued observation, both in amount and direc-
tion ; its effect in displacing the star among its neigh-
sily taken account of and allowed for. The
._. combination of these two s_c:_.u.:m. the one real and

bours is

rectilinear, and the other apparent and elliptic, will be
readily understood from the accompanying diagram,
where ab, b, of represent the former continued for
e years ; ¢ f. g, the ellipses described in those years
in virtue of the latter in the direction of the arrows ; and
% i % the sort of undulating line apparently described in
virtue of them both going on together.

w
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204 CELESTIAL MEASURINGS AND WEIGHINGS.

$ £} It is to the dimensions of these and similar orbits de-
scribed by others of those wonderful bodies, the double

stars, about es

ch other, that we have now to turn our
attention : thus opening another chapter in the history

Fig a
of sidereal mensuration. The mode in which these two
elliptic movements, the larger real, and the smaller ap-
; parent or parallac

; are combined together or super-
posed, and the sort of undu

ating line apparently de-
scribed by either star in consequence, will easily be
v unde

rod by a glance at Fig. 2.
(29.) Assiduous

observation, aided by a powerful and

not very complicated system of calculation, has enabled

astronomers to assign in a great many instances with
considerable precision the true forms of these orbits as
distinguished from those in which, by the effect of per:
spective (owi

g to their oblique presentation to our
sight), they agpear, to state the amount of that obliquity ;
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206 CELESTIAL MEASURINGS AND WEIGHINGS.

already seen that in the former case the distance between
the earth and sun would appear under an angle of 1" and
in the latter 0”54, whence it is easy to conclude that the
mean distances of the stars from each other, or the semi-
axes of their orbits, are, in the former case about 15, and
in the latter about 2g§ times that distance. The former
orbit would be contained between those of Saturn and
Uranus : the latter is about the size of that of Neptune.

(30.) In such orbits, then, gyrating round each other
—iot in the subordinate relation of sun and planet, but
as compeers in dignity and on the equal footing of regal
splendour ; communicating to each other we know not
what benefits, and bound on we know not what errand,
—are these wonderful sidereal couples journeying onward
through space at the respective rates of gzo,c00 and
2,500,000 miles per diem at the very least: for such
would be their proper motions were we sure that #igy are
not foreshortened by oblique presentation to our line of
sight !

{31.) An interesting, and what to many of our read-
ers will probably appear a very unexpected, conclusion
follows from this determination of the distance of these
stars, conjoined with the knowledge so obtained of the
periodic times of their orbital motion. It enables us to
Ji them ; that is, to state in numbers the proportion
which the total ponderabic mass or amount of gravitating
maitter of the two stars of either couple bears to that of
the sun, and therefore as a necessary consequence to that
of our own globe, and ultimately (if we choose to lux-
uriate in the long array of figures in which such a caleu-
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NGS.

(a2 if all the ponderable matter but a single pound were col-

lected in one of ther

and that pound circulated about

[t it as the earth does about the sun. Here, then, we have

case stated over ag
and &

n, with only the difference of

tanc

s, which, in our Lecture on “The
" already referred to, § 16, 17, served us to show how
sht arrive ata knowledge of the sun's mass, and to

at mass. Substitute in the reasoning there
ined for one year 78 or 514 years, and for the sun's
ce respectively fifteen and thirty times that distance ;
1 the result, in place of the mass of the sun, will fur-

us with the total or joint masses of the two stars in

e or the other of these two sidereal combinations or

-
ey

respectively.  We shall not trouble
ders with the calculation: suffice it to state the
, that the joint mass in question in the former

It pair (that in the Centaur), is about $},—a little more

than half that of the sun, or equal to 198,000 earths:
) ._. Q ]

1 in the la

er (in the Swan), about {7 of the sun,

equiv L to 36,000 earths,

(34.) Beyor

— Com

sp becomes less and less
to space. Remarkably
gh, & s and Arcturus, the two brightest stars
visible in our hemisphere, stand barely within the limits

red as we [

the former
being between six and seven, the latter about eight,
times the distance of our nearest neighbour in the Cen-
taur. At the distance thus assigned te Sirius, our sun (if
any faith can be placed in photometry) would appear as

of any estimation approaching to certainty,
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210 CELESTIAL MEASURINGS AND WEIGHINGS.

as a * proper motion,” or slow progressive movement
Broper fo dtself as an individual: smaller indeed than
those already spec
no means inconsiderable, being sufficient to displace it
by about two minutes in angle or onefifieenth part of
the apparent diameter of the moon ger cendury : corre-
sponding at the distance of the star to no less an amount
of actual linear travel than 1,900,000 miles. per diem.
This movement, in the absence of all apparent reason to
the contrary, was of course presumed to be uniform and

rectilineal ; but as instruments improved, as observations

became more exact, and their caleulation more scrupu-
ned, this became at first doubtful, and at
length demonstrably incorrect. Not to dwell on the
steps of the proof, it became apparent that the visible
path of the star, mapped down from year to year and
from century to century, is not a straight line, but is
affected by a small and regularly recurring wndulation,
alternately carryi
below the medial line, similar to those represented in
Fig. 1: the performance of one complete undulation
occupying about 4o} years, and the excusions to and
ide of the medial line being about one-
th part of the linear distance passed over in the

lous and r

g it to a small distance above and

fro on either

ne interval

{36.) It was impossible to ascribe #iis phenomencn
(as in the case of our star in the Swan) to parallax
Were this its origin, the undulations (as above explained)
would be annual, instead of extending over a period of
nearly filty years; and moreover that cause of apparent

ed in its apparent amount, but by -
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ESTIAL ME

ascension.” If that movement were coincident in
yn with such a parallel, there would remain no-
irther to explain. But such is not the case. It
is oblique ; and may therefore be regarded as composed
of two movements,—the one along that parallel (in right
the other perpendicular to it, or, as it is

L
hnically ealled, #in declination.” Now these move-
ments admit of a distinct and separate examination, and
it is clear that, if fotk do not agree in indicating the
same kind of undulation and the same identical period,
the explanation so afforded of what may be called one
half of the phanomenon is at variance with that of the
other. Mr Peters left this other half untouched; but
very recently that also has been examined by an Ameri-
can computist, Mr Safford, on the same principles; and
the result is that the orbital motion, which accounts for

the one set of movements, gives at the same time a suffi-

ly satis

3 tory explanation of the other.

(38.) Here, then, we are furnished with another ex-
ample like that afforded by the grand discovery of the
planet Nepturie by the calculations of Adams and Lever-
rier. The existence of a celestial body not seen and not
before known to exist, has been revealed to us and its
orbit computed, by the simple application of mathema-

on grounded upon observed irregularities

tical calcul
in the movements of one already well known.

(39.) The parallel of the cases promises to be still
closer. Neptune, as is well known, was immediately
sought and found in the place assigned to it by the cal-
enlation. In January 1862, Mr Alvan Clark, an eminent
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214 CELESTIAL MEASURINGS AND WEIGHINGS.

i) (41.) Shall we spread our wings for a farther flight—to
the region of the nebule! For such an excursion we are
i hardly vet prepared. Our present reach extends, as we

Il have seen, only to a very few of our nearest neighbours
! among the sfars ; a class of bodies which we have every
: reason to believe form with our own sun a system—to us
Y a universe—but which, removed to the distance of the
nebule, would appear perhaps as one of them. More-
over, it is not wings, but a resting-place for the sole of
our foot that we want. If we knew in what orbit the sun
itself is moving (for that it moves is certain, and with no
trifling speed), and if human observations were to endure
till it had completed half a circuit in that vast orbit—then
indeed we should have established a new base line from
whose extremities the paraflax of the nearest nebula
might become sensible. Fai
tent with such probable indications as we can glean from

ng this, we must rest con-

other sources.

(42.) There is one which can hardly fail to strike any
one who does not reject altogether from his philosophy
the consideration of design and purpose in the construc-
tion of the frame of nature. In their orbits round the

¥ sun, the earth and other planets carry round with them
satellites retained in #eir orbits by gravitation to their
primaries. ‘These orbits, though very sensibly disturbed
by the sun's attraction, are yet in no case so much so as
to hazard in the smallest degree the stability of these
miniature planetary systems, or in the lapse of even -
definite ages to produce any very material change in
their relations to their primaries or to each other. The
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CELESTIAL MEASURINGS AND WEIGHINGS.

tude of other phenomena, less deardy infelligible, which
the sidereal heavens present, and to which our subject
has not led us to refer), we trace the same Inexhaustible
fecundity of design realized and embodied in the same
unity of workmanship which in this our planetary system

we find luxuriating in so surprising a variety of forms,

magnitudes, and mutual relations among its primaries,
comets, and asteroids.

{43.) Is the material universe finite or infinite? The
question is as old as Aristotle ; and the answer, though
unansieralle, never yet convinced mortal man. X

1 universe must consist of material objects, each

materi

individual of which, being a really existing thing, must
possess that attribute -of all real existing things, place.
Every two objects then, be they where they will at any

C

tain moment of time, mark fuwe definife places, and the
distance between them, or the straight line joining
them, has two definite ferminations. It is not therefore
infinite in length, but finite, fe, terminated. Now an
ery five of which are distant

assemblage of ol

cls, ¢

from each other by a finite interval, cannot be infinite in
eculation is unprofitable enough in
Ity it involves turns on the mental
ive and conceivable notion of * the
for the purely negative and utterly inconceivable

and the diffi

tion of a po

ch it carries with it into all matters where the
n is employed in its logical sense. Our only reason

alluding to it is, that to ws, practically speak-
ing, the material universe must be regarded as infinite:
seeing that we can perceive no reason which can place
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218 CELESTIAL MEASURINGE AND WEIGHINGS.

position, however, with whose demonstration (founded
on the very elementary properties of a'decreasing geomet-
rical progression) we shall not trouble our readers,

(44.) Such a speculation as this just mentioned may
possibly appear irrelevant.  But it must be remembered
that it is LIGHT, and the free communication of it from the
remotest vegrons of the universe, which alone can give, and
does fully give us, the assurance of a uniform and all-
pervading energy—a mechanism almost beyond concep-
tion complex, minute, and powerful, by which that
uence, or rather that movement, is propagated.

Our evidence of the e

tence of gravitation fails us
region of the double stars, or leaves us at
best only a presumption amounting to moral conviction
its favour. But the argument for a unity of design
1 action afforded by light stands unweakened by dis-
tance, and is co-extensiv th the universe itself,

___.._.....h._.:u t
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ON LIGHT.

the first word ever recorded to have been
nounced. It is the Hebrew for Licut (798 aor).”
:dly there is something in the phenomena

iiversality ; in the high office it per-
15 in ereation ; in the very hypotheses which have
been advanced as to i

nature ; which powerfully sug-
gests the idea of the findamental, the primeval, the ante-
cedent and superior in point of rank and conception to
all other products or results of creative power in the
physical world. “It is LicuT,” as we took occasion to
observe at the conclusion of the last lecture (not with-
out reference to this very consideration), “and the free
communi

-ation of it from the remotest regions of the
universe, which alone can give, and does fully give us,
the assurance of a uniform and all-pervading energy—

HANIsM almost beyond conception complex, mi-
nute, and powerful, by which that influence, or rather

1at movement, is propag . Our evidence of the

existence of
louble stars, or leaves us at best only a presumption
unting to moral conviction in its favour. But the
iment for a unity of design and action afforded by

ds unweaker

by distance, and is co-extensive
€ universe itself,” ®

(3.) What we propose in the following lecture is to
make gible, in as simple language and form as the
the subject will admit, the grounds of thi
In some of its features it is too complex
e to be thoroughly followed out by any one

stial Measurings and Weighings,” p. 2
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ON

LIGHT.

idea of at least the general nature of the mechanism by
which it seems now agreed, with hardly a dissentient
voice, that the peculiar communication between distant
objects which we call light is effected ; and by which, or
by some mechanism of a nature still more recondite, and
at present perhaps beyond our conception of Ppossibility,
it must be so.

(4.) That we see, is proof of a communication of some
sort between the eye and the thing seen. That we can-
not see in the dark, is proof that such communication is
not the mere act of the eye. And that ane object is
capable of impressing a photographic picture of itself on
another, is proof that the eye, though essential to seefng,
has nothing whatever to do with the process by which
such communication is performed. And furthermare,
the immense variety and extent of the chemical agencies
of light as displayed in its action both on organic and
on inorganic matter, revealed to us by the late discov-
eries in photography, assign to it a rank among natural
agents of the highest and most universal character ; and
have even rendered it exceedingly probable, if they have
not actually demonstrated, that vision itself is nothing
but the mental perception of a chemical change wrought
by its action on the material tissue of the retina of the
eye.

(5.} At all events, it is not by any sympathy, or abso-
dute direct relation between the eye and the object, that
the latter is seen. The intermediate space, and indeed
all space, is concerned in the process. An object is not
seen unless it be in a certain state, which we call * lumin-

4,
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ON LIGHT.

which catch and reflect a small portion of it, as when in
a thick fog the bul

eye of d lanthorn seems to throw
out a broad diverging luminous cone, consisting in
reality of the whole illuminated portion of the fog. The
moon is seen in virtue of the sun’s light thrown upen it.
Where the moon #s mof we see nothing, though we are
ire that when in the course of its revolution it
| arrive in th

very

lace we are looking at, we shall see
it, and that if our eyes could be transferred to the moon's
ace, wherever it may be in the firmament (if not
eclipsed), we should from i see the sun. There then,
times, s the light of the sun, but not edisibde asa
ists as an agency. What is true of the sun
t equally so of a star; so that when we look

is no do
out on a dark night, though we are sure that all space is
continually being crossed in every direction by the lines

(1]}

-

particular, that all the dark space immediately around

its communication, a/on

all whick it is acfive; and in

us (outside of the earth’s shadow) is, so to speak, flooded

with the sun's light, we yet perceive only darkness,

except where our line of vision encounters a star.

7.} What then #s Licur? or, in other words, what is

the mature of that communication by which not only

formation is conveyed to our intellectual and per-
ceptive being ; but chemical and various other changes
are operated even on inorganic matter by processes

originating as it would seem in sources situate in the
most distant regions of space (for; be it observed, it has
been clearly proved that the light of the stars does pro-
duce photographic effects powerful enough to imprint
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226 ON LIGHT.

% 3| And in the way of experiment, the contrivances of
clock-work enable us to register the subdivisions of what
tant” into hundreds, nay, thousands, of
s equal and exactly measurable portions—applying, so to
iy speak, a microscope to time, and estimating, by unde-
fst niable calculation, portions of it utterly eluding all our
powers of perception, The question has been asked in
both these modes, by astronomical observation and
1 by direct physical experiment, and the answer, from
cach, has been affirmative ; and from both agreeing,
in a manner which may well be considered wonder-
ful.

(9.) The planet Jupiter is attended by four satellites

we call * an ir

which revolve round it in orbits very nearly circular,
" and whose dimensions, forms, and situations with respect
; to that of the planet itself are now perfectly well known.
The periodical times of their respective revolutions are
also ascertained with extreme precision, and all the par-
ticulars of their motions have been investigated with
extraordinary care and perseverance. The three interior
of them are so near the planet and the planes of their
orbits so little inclined to that in which it revolves
} round the sun, that they pass through its shadow, and
therefore’ undergo eclipse, at every revolution. These
eclipses have been assiduously observed ever since the
discovery of the satellites, and their times of occurrence
registered. As they afford a means of determining the
longitudes of places, the prediction beforehand of the
exact times of their occurrence becomes an object of
great importance : and it is evident encugh that, all the

L ——
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28 ON LIGHT.

distances of the two planets at different points of their
respective revolutions. At present, in our almanacs a
due allowance of time for the transmission of light at
this rate, assuming a uniform velocity, is made in the
calculation of these eclipses; and the discrepancy in
question between the observed and predicted times has
ceased to exist.

(10.) Taking the diameter of the earth’s orbit, as con-
cluded from the sun’s observed parallax,® at 24,000
umeters of the earth itself, and the latter diameter
at 7925 miles,t this gives a velocity of 192,700 miles
per second.

(rr.) So vast a speed seemed at first incredible ; to
some indeed even more so than an instantanegus com-
munication. The one might be conceived as the result
of some sort of spiritual communication: the other
seemed, in those days, to transcend all imaginable limits
of mere physical agency. But it soon received a very
unexpected confirmation from Dir Eradiey’s discovery of
the ABERRATION of light: to conceive which, let any
one imagine a long tube held perpendicularly, at perfect
rest, while a falling body (a drop, suppose of a shower of
s descending also perpendicularly, should pass down
its axis. Ifit entered at the centre of its upper orifice,
it would issue at that of the lower; and, judging from
i tion alone, and knowing the tube to be exactly
vertical, a spectator would truly conclude from it that
the descent of the drop was so also. Supposing him and

* See p. 196. note.
t This is the equatorial diameter,
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ON LIGHT.

nomenon in question. The rain.drop is the light; the
tube, a telescope; the screen at its lower end, a mi-
crometer; and the two opposite directions of the
observer's motion, the two tangents at opposite sides of
the earth’s orbit at right angles to the situation of a star
as viewed from either. And the angle in question is
what astronomers call their * Constant of Aberration "—
a very minute one indeed, but perfectly well measurable
—amounting to about a third of a minute (20"45), from
which it results that the velocity of light is about ten
thousand (more exactly 10,089) times that of the earth
in its orbit, which we know to be very nearly 19 miles
(18-923) per second, which gives 1go,860 miles per
second for the velocity of light.

(13.) Two different experimental processes for measure-
ing this velocity have been devised and executed—the
one by M. Fizeau, of the Parisian Academy of Sciences;
the other by M. Léon Foucault, recently and most de-
servedly elected into the same illustrious body ; the
inventor of that elegant instrument, the Gyroscope.
Both depend on the principle that the impression left on
the eye by any luminous object persists for a sensible,
though very minute, time (about the tenth of a second);
so that an object presented to the sight by successive
glimpses only, following each other more frequently than
ten times in a second, is seen continuously. If only
just so frequent, a fluttering is perceived ; but this
diminishes as the rapidity of presentation is increased:
and when much more frequent, distinet and perfectly
uninterrupted vision is produced. In M. Fizeau's ex-
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LIGHT.

mn a second of time, these glimpses run together into
continuous vision ; and if considerably more numerous
(suppose fifty or sixty per second), the light is perceived
steadily as if the wheel were at perfect rest—only, how-
ever (if the intervals between the teeth be exactly equal
to the breadths of the latter), of half the brilliancy, see-
ing that only half the quantity of light will have entered
the eye in the same time. The motion of the wheel
b still continuing to be accelerated, however, when it has
{ attained a certain very great rapidity the light is gradu-
ally perceived to grow feebler and at length altogether
1 disappears. This happens when the velocity of rotation
is such as to bring a tooth of the wheel precisely to
cover the whole of the orifice in the screen into which
the returning beam should be delivered at the very
moment of its arrival, so closing it up altogether; that
: is to say, when the rotation is just so rapid as to earry
cach tooth over its own breadth during the time taken
- by the light to go and return. When this happens,
suppose the aseleration of the wheel to cease, and its
motion to be maintained uniform. Then by counting
the turns made per minute by the driving-handle of the
I train of wheel-work, or otherwise registering its speed ;
and knowing (from the construction of the train) how
many turns of the wheel correspond to one of the driver,
as also how many teeth it carries, the exact duration of
this interval, no matter how minute, can be exactly
computed, so that the time and the space run over by
the light in that time both become known.
(15.) If the rotation be now still further accelerated,
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234 ON LIGHT.

to measure the velocity of electricity. Without figures,
and without much more verbal detail than would be
compatible with our limits, it would be impossible to
give a clear conception of the conduct of this delicate
and refined experiment. Suffice it to state, as its ulti-
mate result, a velocity of 185,172 miles per second.®
As there are other and independent reasons for beliey-
g that the sun’s distance has been over-rated by about
one-thirtieth in our estimate of 12,000 diameters of the
earth, and that, in consequence, the velocity of light
deduced from the phenomenon of aberration ought to
be diminished in the same proportion {which would
reduce it to 186,300 miles per second), we are autho-
rized to conclude that in estimating this velocity at
186,000 miles we are within a thousand miles of the

truth.

(17.) The form of experiment proposed and executed
by M. Foucault has this great advantage over the other,
1at it can be carri

—t

out within much smaller limits
A few yards of travel suffices for the deter-
mination of this enormous speed. And this makes it
possible to compare the velocity of light in its passage
through air and water, and other transparent liquids—
with this remarkable result, that the rate is Jound fo be
caver in the denser meditm ; a result of the utmost
importance, as we shall presently see, as a erucial fact in
leciding between the claims of the two great rival
theories of light to be received as valid.

ns of metres, See Compler Remdus de I Tustilond,
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230 ON LIGH

— .
Yseattered” In the other mode the path of the ray,

subsequent to the point where it first encounters the
deflect

—_—

g body, is wholly or partly wwithin it, and the
ght is said to be “ refracted or transmitted,”

(19.) The first law observed in every case, whether of !
direct or circuitous illumination, is gathered from ordi.
nary and universal experience. The illuminating and
uminated points are mutually inferchangeable, By
whatever path, however circuitous, light is conveyed from
A to B, by the same it can be conveyed from B to A,
This condition alone suffices to determine the path, and
the situation of the point at which its flexure takes
pPlace &y reflexion, when the light is « incident” on any
polished surface, whether plane or curved. That point
(P) must be so situated on e surface, that the two lines
joining it and the illuminating and illuminated points (a,
B) shall there make equal angles with the surface, the

three points (A, B, P) all lying in one plane with a perpen-
dicular to the surface. For, 1st, except the angles were
equal, the two directions (pg, ra) would not be similarly
related to the surface at the point of incidence ; so that
in reversing the path of the ray, the physical condition
which determined the abliquity of the incident ray to the
surface in proc ling from A to B, to be greater or less
than that of the reflected, would have to be reversed in
the passage of light from B to a, And similarly, if the
reflected ray lay in a plane to the right or left of that in
which the perpendicular and the incident OnE WETre con-
tained, the physical condition which determined it to ’
deviate to the one side or to the other of that plane, would 5
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238 ON LIGHT.

(21.) It is to this power of “scattering” the incident
light in all directions, then, that surfaces owe their visi-
bility, and that by its aid we are enabled to trace the
course of a ray of light itself as if it were a visible thing,
Thus a sunbeam passing through a small hole and re-
ceived on smoke is seen, and on a white screen moved
rapidly to and fro behind it, appears as a straight lumin-
ous line or beam, by the momentary persistence of the
sensation caused in the eye at every successive point of
its motion ; and so, after reflexion or refraction, may its
subsequent course be rendered matter of ocular inspec-
tion. A pleasing and elegant experiment is to hold a
common reading-glass (or even a spectacle-glass) in the
sun, and to move rapidly to and fro behind it a white
paper, when the course of the refracted light, conzerging
from all parts of the glass to the “focus,” will be seen in
the air as a solid Juminous cone, having the glass for
its base and the focus for its apex.

(22.) The reflexion of light, whether *regular™ or
“ geattered,” is, except under very peculiar circumstances
to be presently noticed, only par so that the re-
flected image of an object is seen fainter and less
luminous than the object itself directly viewed. Thisis
perceptible in an ordinary looking-glass ; yet more so
when the reflecting surface is still water, or unsilvered
glass.  The most reflective substances are the white
metals—such as silver, speculum-metal, steel, or quick-
silver ; transparent or semi-transparent bodies being
much inferior in respect of this quality. If the substance

on which the light falls be of the kind called opake, the
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240 ON LIGHT.

example. And here we may pause for a moment to
observe that at thi

s point we already find ourselves m-
troduced to an assemblage of relations between light and
material objects, which divide the whole universe of such
objects, infinite as they are in variety, into alasses, char-
acterized by their habitudes with respect to light in
reflexion from and passage through them. The import-

ance of this remark will grow upon us as we advance
further into the subject, and come to perceive that the
classification of bodies according to their “optical pro-

perties” stands in direct connexion with their most
intimate peculiarities of mechanical structure and chemi-

cal con

tution ; and brings us, so to speak, into con-
tact with all those more recondite properties and reac-
tions of the ultimate particles of bodies which constitute
the domain of molecular physics.

(24.) Confining ourselves now to the case where the
refraction is single, the rule which determines the course
of the refracted ray is

follows. Suppose at the “point
cidence™ (i, where the ray first enters the medium)
a line be drawn perpendicular to the surface. Then,

first, the refracted ray will lie

ol 1r

n the same plane which
contains both the incident ray and this perpendicular 3
and, secondly, the ray will be so bent at that point that
the exterior and interior portions shall make with the
endicular, not equal angles as would be the case
were there no flexure, but angl

50 related that their
sines (not the angles) shall bear to each other a certain
invariable proportion, whatever be the angles them-
selves, or whatever be the obliquity of

the incident ray
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242 ON LIGHT,.

(25.) Ttis evident from what we said in the last para-
graph, that according to the greater or less disproportion
between the lines M R, N 5, on the diagram there given,
or the sines of the two angles of incidence and refraction,
the greater or less will be the amount of bending (or
angle of deviation, as it is called) of the ray at its point of
transmission, for one and the same degree of obliquity—
as also that for one and the same medium, the deviation
increases wwith the angle of incidence (though not prager-
fionally to .t) being #i/ when the ray enters perpendi-
cularly, and a maximum when just grazing the surface.
If in any case M = be greater than ¥ s, or the “ratio of the
iines” be one of “ greater inequality,” the bending will be
towards the perpendicular; if less, or if that ratio be one
“ of less inequality,” from it ; as indicated by the course
of the dotted ray inthe figure. If the former be the case
in any instance, as in that where a ray passes out of air
into water, the latter will happen in the reverse case, as
where it passes out of water into air: that is to say, in
optical language, ““out of a denser medium into a rarer.”
This follows, from the general fact that the illuminating
and illuminated points are convertible, or that a ray can
always return by the path of its arrival, so that the re-
fraction of a ray out of any medium into air is per-
formed according to the same rule of the sines, only
reversing the terms of the proportion ; or in other words,
regarding what was the angle of incidence in the one
case as that of refraction in the other and vie wersd-
Numerically expressed, this reversal of the terms of a
proportion, or ratio, is equivalent to inverting the numer-
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ON LIGHT.

i perceived in the phanomenon of astronomical refraction,

g by which the sun or moon is rendered visible when
| actually sunk below the level of the true horizon.

Lo (28.) From what is above stated, it is easy to see that

- when a ray is transmitted through a sheet or plate of any

. substance (as a window-glass) with parallel surfaces, its

course after emergence will be parallel to its original

g ) direction, so that though displaced laterally, its direction

i in space is unchanged, which is the reason we see objects

in their proper directions through a window. If the sur-

face at which it emerges be not parallel to that through

which it enters, this exact restoration of the original

direction will not take place; and as we judge of the

situation of an object only by the direction in which its

e light ultimately enters the eye, anything seen through a

transparent substance whose surfaces are so inclined,

}i will appear shifted in angular position. Any transparent

substance so formed of polished plane surfaces inclined

to each other, is called in optics “& prism;" and the

: angle at which the two planes in question meet, or

would meet if extended, its “refractive angle.” If such.

a prism—of be held before the eye

il with its refractive angle vertical, and to the left, an

object seen through it will appear deviated or shifted to

the left of its true situation, the ray (as a slight consi-

deration will show) being Dent femards #he thicker

part of the prism. And thus by a very simple calcula-

tion, with which we shall not trouble our readers, from

the angular amount of deviation caused by a prism of

any medium whose refracting angle is measured, can

ass, for instance
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246 ON LIGHT.

internal refraction at that of the second, or the “ relative
index of refraction,” is constant for the same media, and
is equal to the quotient of their respective absolude re-
fractive indices. Thus, if the first medium be water,
and the second be plate-glass, whose respective absolute
indices are § and §, the relative index, or that out of
water into glass, will be § divided by § or §=1"125.
(30.) A very curious result follows from what has been
said,—viz., that though light can pass out of a rarer
medium into a denser, whatever be the obliquity ot
incidence, evem when the incident ray but just as it
were grazes the surface, yet the converse is not the case.
For every denser medium, there is a limit of obliquity,
beyond which transmission into a rarer cannot take
place. The ray is wholly reflected without undergoing
any diminution of brightness whatever ; observing the
same law of equality between the angles of incidence
and reflexion, as in the case of ordinary reflexion on a
mirror. The brightness of the reflexion, however, far
surpasses anything that can be obtained from the most
brilliant looking-glass or metallic mirror, being equal to
that of the object directly seen. The effect is wery
striking, and is easily seen by immersing a small rod
obliquely in a glass tumbler of water, and viewing the
under surface of the water from below upwards at a
moderate obliquity. The reflexion of the rod is seen
without the smallest diminution of brightness. It is
thus that fishes see the bottom of their pond redupli-
cated by internal reflexion on the distant parts of its
surface. The rationale is simple enough. If two angles
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ON LIGHT.

physical properties of light, and the theories which have
been advanced for their explanation. This need not
prevent us, however; from appealing to the effects pro-
duced by such instruments, especially such as are in
most common ude, and as can hardly be other than
familiar to most of our readers, such as magnifying
glasses (or lenses), telescopes, &c. It requires no
knowledge of geometry, for instance, or any acquaint-
ance with its application to theoretical optics, to enable
any one to form a perfectly just conception of the mode
in which the eye enables him to see, when his attention
15 called to a photographic picture, and he sees it im-
pressed on its ground by the rays of light collected and
brought to a focus by that assemblage of convex and
concave lenses in a cmera obsewra which the photo-
grapher uses for the purpose. - The dissection of an
eye shows it o de such an assemblage, and the picture
it produces may be actually seen- at the back of the
eye of an animal recently killed, by removing the
opake leathery coat which envelopes it, and disclosing
the retina. How the nerves of that tissue, indeed, con-
vey to the mind fle perveption of colour and form, is,
and will probably ever remain, a mystery; but is no
more so in the case of vision than of any other of the
senses ; from which vision differs onlyin its transcendent
refinement and the elaborate structure of that most
wonderful of all optical instruments by which form, as
well as colour and brightness, is brought within its range,
The latter qualities are probably perasfred by animals
unprovided with eyes, such as the profens anguinus; which
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250 0N LIGHT.

4
be a movement, or an influence, we must admit in that
movement or influence a similar capacity for analysis or
compasition, or else have recourse to some unknown
modification of the one or the other, leaving the phee-
nomenon as unexplained as before. There may, for
instance, be a great variety of such movements, all
duminiferous, but not all afike : and some may be de-
stroyed, or some exaggerated, in the act of reflexion or
transmission.

(34.) The key to this mystery, up to a certain point,
was furnished by Newton, in his analysis of white light
by prismatic refraction. A full account of the manner
in which that analysis is performed, of the phznomena
it presents, and of the nature and subdivisions of the
“ Prismatic spectrum,” is given in our lecture on “ The
Sun,” § 29, to which, to avoid repetition, we refer our
readers. Let us, however, consider what kind of general
theoretical interpretation we are entitled to put on this
analysis. Now, the first and most obvious conclusion is,
that the phenomenon we have to deal with, is not what
in the accuracy of modern scientific language is under-
stood by the term * analysis.” It is the separation and
redistribution (ascording fo degrees of a certain quality
common to all its elements—viz., that of REFRANGI-
BILITY) of a mixture, rather than the dialysis of a true
compound. The simile by which we there illustrated it
is so far exact. A glacier moraine might be redistributed
by tidal action over the floor of the Ocean ; the great
blocks left én sifu, or little moved—the smaller forming
shingle, gravel beds, sandstones, or incoherent muddy
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252 ON LIGHT.

tions is easily tested on any one ray of the spectrum
insulated from the rest by intercepting all the others.
The ray so insulated, whatever its tint, is no longer
separated or * dispersed” by subsequent refraction into
a new spectrum. It preserves its tint unaltered, and
conforms to the “ rule of the sines” in its flexure, as if
no other colour or refrangibility existed. Hence we
might be led to conclude, as Newton himself did, that
between these two qualities—refrangibility and colour—
an absolute and invariable connexion exists. This,
however, is not the case. The propositions in question
cannot be generalized. When different media are
examined, we find that not only does the same colour
correspond to different degrees of refrangibility, or to
different absolute values of the refractive index in each,
but that the same change of colour does not correspond
in different media to the same proportionate change of
the refractive index ; and that, in short, taking the
“ scale of cofour” in all its gradations, from red, through
orange, yellow, green, blue, and indigo, to the least per-
ceptible violet, and that feeble tint beyond the violet
which can hardly be called a colour, but which is most
nearly expressed by the term Jzzender, as a guide,—each
particular medium distributes these rays through its
spectrum, though always in the same order of succes-
sion, yet in other respects according to a law peculiar to
itself : thus indicating both a total amount of dispersion
and a seale of action dependent on the physical proper-
ties of the medium, and in some sort as it were personal
to cach. This power which a transparent medium has
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254 OF LIGHT.

duced by different media different for the same mean
amount of refraction, but within those lengths the dis-
tribution of the several colours differs, the spaces occu-
pied by the several tints differing very considerably in
proportion to each other and to the whole. Thus, in
the spectrum formed by flint-glass, and most other of
the highly dispersive media, the green is situated nearer
to the red than to the violet end of the spectrum, while
in that formed by muriatic (*hydrochloric”) acid the
reverse is the case,

(38.) By the reunion of all the coloured prismatic
rays (which may be effected by an equal and contrary
refraction of the whole spectrum through a prism of the
same material reversely placed), white light is repro-
duced. And hence we conclude that eolowr és nof &
superinduced but an inkerent quality of the luminous rays,
Again, if we exclude from this reunion any portion of
the spectrum, the reconstituted beam is coloured : and if
the rays so excluded be not extinguicked, but diverted
aside, and themselves collected and reunited into
another and separate beam (which may easily be
effected, with a little management, by one skilled in ex-
perimental aptics), this will alse be coloured, but with a
tint complementary to that of the first. Between the
tints so arising is always found to prevail that beautiful
and, so to speak, harmonions confrast which is so effec
tive in the ornamental arts, where one colour is said to
sebgff another, or show it to the greatest advantage.
Thus, crimson or pink is complementary to green,
scarlet or orange to blue, yellow to purple, &c. ‘The
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256 ON LIGHT.

veying to us information not only of the forms and situa-
tions of objects, but of all that multitude of their physical
properties which stand in relation to colour, both those
which ordinary experience teaches and which science
reveals.

(39.) Lastly, by thus reuniting into one beam rays
going to form distant portions of the spectrum, and ex-
cluding the rest, we find that it is possible to produce a
compound beam which shall excite directly in the eye,
or illuminate a screen with any one of the innumerable
varieties of tint which we observe in nature ; and what
is especially remarkable, the same tint, or one undis-
tinguishable from it # ordimary eyes, is producible by
very different combinations of the prismatic rays ; while
yet there exist individuals, and these not unfrequent,
who are perfectly capable of discriminating (in many
cases) between such compound m_:u. and who even
declare them to be widely different. To such cases of
what is called, though improperly, * colour-blindness,”
we shall presently have occasion to recur.

(40.) The consideration of these facts has given rise
to a speculation which, if not demonstrable, has at least
a high degree of plausibility, and which, at all events,
has never yet been disproved,—viz, that there is no
real connexion between coLoUR and REFRANGIBILITY,
but that there exist three inherently distinct species of
light, each competent per se to excite the sensation of
one of three PRIMARY cOLOURS, by whose mixture all
compound tints are produced, white consisting of their
totality, and black being the exponent of their entire
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258 ON LIGHT.

(42.) The three primary colours assumed in the
above figure are red, green, and blue, each in its highest
degree of purity and undifution, for it will be readily
apprehended that while the admixture of any onme, in
however small a proportion, will produce a rich though
a mixed tint, that of Jotk the others tends to dilution.
The only three colours which answer all the experi-
mental conditions, are these three. ‘This may seem
contrary to the experience of the artist, who from his
habitual practice in mixing the colours he uses (all of
them without exception compound tints), would name
yellow, in place of green, as the intermediate primary.
The reason is obvious. In all the yellows which he
uses there is a large admixture of red with green, and
in all his blaes more or less green. When mixed, then,
there is sure to be a preponderance of green, while the
red goes to neutralize a portion of the other two, and
so to dilute the outstanding green. On the other hand,
the direct mixture of the prismatic yellow and blue, in
whalever proportions, can no-how be made o produce green,
as Professor Maxwell's, M. Helmholz’s, and my own
experiments® have distinctly proved ; while that of the
prismatic green and red does produce yellow. ‘This
will be better understood when we comé to speak of
the absorption of coloured light.

(43.) Since at each point of a compound spectrum
so constituted, all the three primary elements, in what-
ever proportion mixed, have one and the same degree
of refrangibility, it is evident that the compound tint

* See ** Notices of the Royal Society,” vol. x. p. §3.
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a6a ON LIGHT.

of colour, it must present to his eyes what we should
be disposed to call a hideous monotony—light and
shade only revealing the forms of objects as in an en-
graving. Yet what we never knew we never miss.
There may, and not improbably do, exist beings in
other spheres, if not here on earth, whose vision is
sensitive to those rays of the spectrum which extend
far beyond the violet or its Jrzemder prolongation, and
which we know at present only by their powerful
photographic activity, and by their agency in producing
that singular species of phosphorescence in certain
media to which Professor Stokes has given the name
of Fluorescence. By these properties, the solar spee-
trum is proved to be prolonged far beyond its visible
limits at its most refracted extremity; as it is by afker
invisible rays oF HEAT, which have been traced up to
nearly an equal distance beyond the extreme red in
the opposite direction.* All, however, whether of heat
or chemical influence, conform each for itself, and ac-
cording to its own special “refractive index,” to the
same general Jazo of #he sines, as well as to every other
of those singular and complicated relations of the
luminous rays, we shall hereafter have to describe;
and both the one and the other extending into and
thinning out as it were in the luminous region, just
as we have described the spectra of the primary colours
into those of each other. Such, and so wondrously
complex a compound is a sunbeam |

* See my paper in the Phil. Trans, R. 8. 1842, “On the Action
of the Sclar Bays on Vegetable Colours.”
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abz ON LIGHT.

occupy its whole area and suffer no ray to enter it which

does not come from some part of the coloured surface ;
the spectrum will be seen deficient in all those rays
which the object does not reflect, and which belong to
its complementary colour. The use of this little instru-
ment, at once simple, portable, and inexpensive, will be
found to afford an inexhaustible source of amusement
and interest. To the florist, on a bright sunny morning,
the analysis of the tints of flowers and leaves, or the
hues of a butterfly's wing, and of every variety of coloured
object ;—to the water-colour painter, the study of the
prismatic composition of his (so fancied) simple washes
of colour and the effects of their mixture and super-
position ;—to the oil painter, that of the various bril-
liantly coloured powders which mixed with oil form the
material of his artistic creations, are all replete with
interest and instruction.

{46.) If instead of a reflected colour we would exa-
mine a transmitted one, as in the case of a coloured
glass, or some natural transparent coloured product,—if
in the form of a plate or lamina, it may be laid over the
slit, and when directed to any bright white light (as that
of a white cloud), its spectrum will be exhibited—if a
coloured flame, the slit may be placed close to it, but if
a liquid, it will be preferable to make it its own prism
by enclosing it in a hollow prism formed of plates of
glass cemented together, when the differences arising
from difierence of the thickness of the medium traversed
by the refracted rays will be more easily studied.

(47.) The colours of transparent media—such as
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264 ON LIGHT.

of muriate of chromium, in small thicknesses is green—
in great ones red ; tincture of violets, and that species of
rich blue glass which is coloured with cobalt, in like
manner are red when we look through a great thickness,
but beautifully blue when thin ; and so in a multitude of
other cases. Those who paint in water colours are well
aware of what importance it is to effect the tint they aim
at by a single wash of their colour. A second applica-
tion of the very same liquid, after allowing the first to
dry, does not simply heighten the colour, du changes the
tint, a circumstance which those who practise that fas-
cinating art will do well to bear in mind.

(48.) When white light is transmitted successively
through two or more coloured media whose scales of
absorption differ materially, the residual beam, or that
which struggles through after passing their successive
ordeal, will consist of those rays only whose transmis-
sion is favoured by all the media. Hence it will follow,
first, that the final #ins, or that of the beam ultimately
emergent, will most probably be very different not only
from that exhibited by either of them separately, but
from that which might be expected fo arise from a union
or blending of their tints, and which seowid arfse were we
to wmite fogether distinct luminous beams having those
tints; and, secondly, that all such successive transmis-
sions tend to produce sombre tints, and ultimately
complete blackness ; inasmuch as each successive trans-
mission destroys {or absorbs) a greater or less proportion
of the total illuminating power of the original beam.
Thus when colour is produced on white paper by the

g 58388 |\

= oW FHEEEE __§ He== 8

a




are euswouzyd 2y) ‘paquasap asoqe se , adoosondads ,,
# YONS y)iM PAUIIIEXD 2IE SAWEP Pauno[od uayy ('ef)
120 21} 03 pua suo woiy Gy
pue yrep Apiewae ‘saoeds MOLIEN JO UOISSIDONS ¥ OJUI
wnnoads oy dn syeazq 4eay Lq payisujul SI UOHIE
aandiosqe s;t uaysm Aqeradse sed snomu jo inodea
pax a1} sy, =smodea 10 sosed panojod Yim ased Ay
Lpremnonaed stsugy, seasqun jrep £q pajeredas ‘paugap
-[l74 SSO[ 10 DIOW PuUR DSUNUI §$I] 0 Aom ‘aoeds
pamapoa jounsip ojut dn uaxoiq st ‘mojoo Sumenpeid
j0 purq snonuyuoed € e udas Juaq jo sowyd ur 4ydiep
uowod 03 mojed Suons v 213 03 SE SSIUNDIY B YINS
ySnouyy pamara wnnoads a1 ‘Sased jsow ur paapul ‘Auew
up suuem snopuded pue 1emSOIS JSOUL AUYI UL 25 272
Suuagip ‘uonoe sandiosqe jo apeas ogads pue sermoad
uMo §)1 Sey wnipaw paunojod zemonzed yoeg (16¥)
‘Suronpoud Je sue a1 yanja Jeyy o} Lrejuswaidmos
Ju13 oy vodn s1 (JESuUNY 0} UMOUNUN) UDHIE J02MP STEL
aqssod se apuy se donsap 0y aq sAEm[E pnoys wre
siy pue “uSi jo wopnasap ap £q Lppos soyerado a1y
e sayeiow v os1 (sBomoyd o jo Jep yum pared
-wos $t) MOEd Jo uonou sif jeyy 3a5I0f IAAT pnoys
soqured ayy, 99age pannbaiz sy sompoad o3 arqussod Ju
‘“mojod jo ysea a18ms ® Ajuo Ausn Aq Louwiug NS
0} ‘SBunured mojod-1ajem Ul WIXEW 31} S0UIE INOJ0D
jo s1afe] snOaUaB0IRNATY YONS JO Iaquunul i) 1eaad ay
Siquos pue Lppnu a10ux pue atow Sutwodaq ‘Ajpuosas
puE f uon AN} WOIJ J[NSII 0} P T8N WOl 0wl
£1a4 quny & Ysiy ‘sonpord ©1 st £ouspuay i ‘sinojod
quaredstuen paafip Jo SUsEM 2AISS200Ms Jo uo Suule]

Sgz 'LHOIT KO




266 ON LIGHT.

no less varied, and in the highest degree characteristic.
The presence in the flame of erch particular chemical
element determines the presence in its light of some one
or more coloured rays of definite refrangibility and colour,
producing often in its spectrum the appearance of a
definite line of coloured light out of all proportion
t than the rest. Thus the presence of soda in
any flaming body is characterized by a narrow and
exceedingly vivid line of yellow light. So completely
A characteristic are these lines of the chemical elements to
Ly which they bear relation, that no less than four new
metals, Thallium, Rubidium, Casium, and Indium owe
their first discovery to the observation of definite spectral
lines of their appropriate colour, produced by their
presence in quantities too minute to be rendered sen-
sible in any other manner.*

(s1.) It is impossible in the compass of a lecture like
the present, to do more than notice with extreme brevity
these remarkable classes of phenomena, and that only
as bearing upon the general object we have in view.
They prove in the most convincing manner the close
and intimate relation in which LicHT stands to MATTER.
It enters into the interior of the hardest and least pene-
‘trable bodies, and thereout brings us information of an

* In reference to what is now called Spectrum Analysis,” in a

chemical point of view, I may be here allowed to call attention to a.

passage my * e on Light,” published in 1827 (Encyc.

Metrop., vol. iv.): he coloars thus communicated by the dif-

3 erent bases to flame, afford in many cases a ready and neat way of
detecting extremely minute quantities of them."—Article, # Light,*
§ 524.)
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LECTURE VII,
ON LIGHT.

PART II.—THEQRIES OF LIGHT—INTERFERENCES—
DIFFRACTION.

_ A ol VO theories only, entitled to any consideration
J;h _c._.. as rational and intelligible explanations of
_.w1 iy the phmnomena of Light, have been ad-
vanced—the one proposed by Sir Isaac
Newton, commonly known as the “ Corpuscular’;” the
other by Christian Huyghens, as the * Undulatory™
:.oc: According to the former, light consists in
* Corpuscules,” or excessively minute material particles
darted out in all directions from the luminous body,
in virtue of some violent repulsive power, or other en-
ergetic form of internal action, acting under such cir-
cumstances, and under such laws, as to give them all the
same 7nitial velocity which they retain unchanged in their
progress through space, as well as their initial direction
according to the general laws of motion (to all which
they implicitly conform), until they meet with some mate-
tial bedy by whose action their course is changed. All
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270 ON LIGHT.

ought to appear as drawn out into a short, coloured
fpectrumt in a certain definite direction. Light requires
forty-two minutes to reach the earth from Jupiter at its
mean distance. Supposing the rays of one end of the
spectrum—the violet, for instance—to travel faster than
those at the other (the red), a satellite undergoing
cclipse by immersion in the shadow of the planet ought
to change colour before extinction, from white to red—
the last-emitted red rays lagging behind the violet on
their journey to the earth ; while at its Teappearance a
blue colour ought to be first perceptible,

(53.) Among the stars are many which vary periodi-
cally in brightness, and some of them undergo complete
extinction. As light takes several yeass to travel from
the stars, the difference in the times of arrival for any
sensible difference of velocity would amount to many
days, and would be quite sufficient to tinge the disap-
pearing and reappearing star with the hues belonging to
opposite ends of the spectrum. No such thing, how-
ever, is observed. Most of them retain their whiteness;
and though some v assume a deep-red colour when un-
dergoing extinction, or when at their minimum of splen-
dour, it is mof changed to blue at their reappearance, or
on their commencing augmentation of brightness.

(54.) The reflexion and refraction of light are, as we
have stated, accounted for on this theory by supposing
the particles of all material bodies, besides the attractive
force of gravitation, to be endowed with other forces,
both attractive and repulsive—the latter extending to a
reater distance than the former, so as to constitute an
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o ON LIGHT.

having attractive and repulsive poles, and during their
progress through space revolving round their own centres
about axes not coincident with the direction of their
motion. Under such circumstances it is clear that some
might arrive at the reflecting surface with the attractive
pole foremost—others with the repulsive. The former
would be attracted, and escape the reflective action ; the
latter repelled, and therefore subjected to it. Or, with-
out making any supposition as to the sort of mechanism
by which such a result might be attained, we might con-
tent ourselves with assuming, as Newton (the framer of
this hypothesis) did, that the particles of light, through-
out their whole progress through space, pass periodically
through a succession of alternating physical states—or,
as he called them, “fits "— of easy reflexion and easy

transmission :” the only objection to such a form of

statement being, that it conveys no clear physica/ con-
ception to the mind,

(56.) The particles so escaping reflexion are conceived
to have penetrated within the limit of the repulsive, and
to have entered that of the attractive forces, while yet at
some inconceivably minute distance eufside of the actual
surface of the medium. Their movement of approach
therefore to the surface is accelerated by the attractive
force whose resultant direction is perpendicular to the
surface, and when they have arrived wi#hin the medium
so far that all further action ceases (by the counteraction
of equal and opposite forces on all sides) each of them
will have undergone the total amount of acceleration
due to the attractive force—in the direction of that force,
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ON LICHT.

ently great to destroy the whole velocity of the luminous
particle, and to generate an equal one in the opposite
direction, in the time occupied by the particle in travers:
ing forwards and backwards the thickness of-our stratum
of reflecting force. Now the velocity of light, as we have
seen, is 186,cc0 miles per second. To destroy and re-
s velocity in a projectile shot directly upwards,
by the force of gravity on the earth, supposed uniform or
undiminished by distance, would require its action to be
continued for 706 days, or very nearly two years, while
the same effect has to be produced by the reflecting force
(also supposed uniform), in that inappretiable instant of
time fn which the act of reflection is performed—a time
which would be extravagantly overrated at the billionth®
part of a second.  After this we need hardly trouble our
readers with any estimation of the intensity of the re-
fracting forces. The sturdiest philosophy may fairly
be staggered at such a postulate as the foundation of a
physical theory.

{58.) According to the “undulatory theory” light con-
sists in an undulatory or vibratory mevement propagated
through an elastic medium pervading all space, not even
excepting what is occupied, or seems to be pecupied, by
what we call material bodies—that is, such as have seighs,
and which, to us, constitute the visible and tangible uni-
verse of things. Tt therefore resembles sound, which is
not a travelling entity, but a propagated motion in the air,
analogous to the tremulous movement which runs from

produce

* A lillion is a million times a million. The French mdliand is
a thousand mil
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276 ON LIGHT.

1

-4

of contemplation. If the point where the luminous ex-
citement originates be mear, the perpendiculars from it
to the wave-surface diverge conically ; but if so far re- 2
mote that the portion of that surface at the eye may be
regarded as sensibly plane, they are to all sense parallel,
as in the case of light emanating from the stars or the
sun.

(60.) The reflection of light in this theory is in exact
analogy with that of any other undulatory movement
We cannot see the waves of sound, but those on smooth
water are casily followed and their reflexion made matter i
of ocular inspection, Drop a small pebble into still L
water, and a wave will be seen to spread out in an en- G

B

BB e 3a 8

larging ring. Let this be done near the perpendicular i
and smooth side of any large tank or pond, or neara
board held vertically in the water, and the ring will be
seen on reaching the board to be reflected, and will
thence spread back over the surface, still enlarging, as
the segment of another ring whose centre might be sup-
posed as far on the Jand side of the reflecting surface as
the place where the pebble was dropped was in reality
on the water side. If several pebbles be dropped in |
succession, or a regular up-and-down movement given
to the water at that point, a continued series of circular
waves will be generated and reflected,—the reflected
waves running out and intersecting the direct exactly as
if they originated in two distinct centres. 'What in water
is seen to be a reflected wave, in air we recognize as an
echo.  And in the fact that a sound, though partially re-
flected as such from a window, a board partition, or a
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278 ON LIGHT.

any point in the surface is struck by the wave it will be
set in undulatory motion and propagate from it a move-
ment which will run out spherically from that peint in
all directions with such (uniform) velocity as belongs
to the luminous undulation iz the medium. When, there-
fore, the wave has reached the position Ee, E will just
have begun to move ; the internal wave propagated from
p will have travelled during one second, from c two,
from B three seconds,—and the motion, in virtue of
these, respectively, will have extended to the surfaces of
spheres about those points as centres, having radii in
the proportions 1, 2, 3, so that a plane passing through
E, which touches one of them, will touch them all, and
the same is true for all points intermediate between
these. Such a plane will define the Jmit up o which the
movement has reached within the medium when the ex-
terior wave has the position E e, and will, therefore, be
the front of a plane wave advancing within it. If the
velocity of the undulation within the medium be the
same as without, » o, ¢ ¥, B M, the radii of our spheres
will be equal to E H, E G, EF, the spaces run over in
one, two, three seconds outside, and the touching plane
E 0 ¥ u will evidently be a continuation of the exterior

plane wave e . In this case, then, there is no refruc

#ion, the direction of the interior ray B M being the same
as A B, perpendicular to the exterior wave. But suppose
the velocity within the medium less than that without.
In that case the radii of our spheres DR, cq, BF, will
be less than D o, ¢ N, B M, and in a constant proportion.
The plane £ ¥ touching them all then, or the front of
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ON LIGHT.

necessity that the front of #efr line must to a certain ex-
tent fall back and make an obtuse angle at its point of
junetion with that of the unimpeded line. Thus, in our
figure, » E will represent the line of division between the
two regions, Bb the advancing front of the troop when
the first man arrives at that line, Ee that of the portion
still on the good ground after some time elapsed, and
EP that of the other portion who have been unable to
keep up to the same rate of march. And as the neces-
sity of keeping step and not crossing each other’s line
of march will oblige each man to step out right i _front
(i.e, at right angles to the new frontage), the progress,
B P, made by the first man after crossing the line, will be
perpendicular to E ®, and will be to what he would have
made () had it not been for the retardation, in the
proportion of his new to his former velocity of march.
(63.) Thus then we see that when light passes (in this
theory) out of what is called a rarer medium inte a
denser, or when the angle of refraction is less than that
of incidence, the velocity of propagation of the undulatory
movement is diminishked, while on the corpuscular doctrine
it is increased, and viee vervd.  Thus, too, we see that on
the undulatory hypothesis the connexion between refran-
gibility and velocity within the refracting medium #s fm-
mediate and absolute, and consequently that it being cer-
tain, as we have shown, that light of all refrangibilities
travels equally fast in swhat swe call empty space (i,
through the ether alone), it follows with equal certainty
that in material media the more refrangible rays are pro-
pagated slower than the less so; and all, more slowly than
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282 ON LIGHT.

the inertia of its molecules, to give rise to an equally rapid
transmission of a wave through it. For it results from
the theory of sound that in media of different elasticities
(so understood), but similarly constituted in other re-
spects, these forces are to each other as #he squares of
the velocities with which the waves travel: so that the
elastic force of the air would require to be increased in
the proportion of the square of gorcoo (ie, 811,801
millions) to 1, to preduce an equal velocity. Even this
enormous number must be still further increased, since
the velocity of sound is augmented by a peculiarity in
the constitution of air which we should hardly be justified
in attributing to the luminiferous ether, in virtue of
which its elasticity is increased by heat given out in the
act of its compression, and without which the velocity of
sound would be only 916 feet per second instead of
1ogo. Thus the number above arrived at has to be
further increased in the proportion of the square of 1690
to that of g16, which brings it to 1,148,000,000,000.
Let us suppose now that an amount of our etherial
medium equal in grantity of malfer to that which is con-
tained in a cubic inch of air (which meighs about one-
third of a grain) were enclosed in a cube of an inch in the
side.  The dursting pozver of air so enclosed we know to
be 15 Ibs. on each side of the cube, That of the impri-
soned ether then would be 15 times the above immense
number (or upwards of 17 billions) of pounds. Do what
we will—adopt what hypotheses we please—there is no
escape, in dealing with the phenomena of light, from
these gigantic numbers ; or from the conception of enor-
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284 ON LIGHT.

same kind as that afforded of the intrinsic fensile stremeth
of a wire or thread of any material by the statement of
how much in length of ifself it can bear without break-
ing. It frees us from the necessity of any mental refer-
ence to the actual weight or specific gravity of the
material, which in this case is the more necessary, as,
though we suppose the ethereal molecules to possess
¥ gnertia, we cannot suppose them affected by the force of
gravitation.

(67.) There is yet another theory of light which might
be proposed, in which, still retaining the idea of an
ethereal medium, its constitution should be conceived
as an indefinite number of regularly arranged equidistant
points (mathematical localities) absofutely fixed and im-
‘ movable in space, upon which, as on central pivots, the
molecules of the ether, supposed pofar in their constitu-
tion, like little magnets (but each with three pairs of poles,
at the extremities of three axes at right angles to each
other), should be capable of oscillating freely, as a com-
pass-needle on its centre, but in all diredtions. Any one
who will be at the trouble of arranging half a dozen
small magnetic bars on pivots in the Znear arrangement

} of the annexed figure, will at once perceive how any
R
pram i i
Fg s

vibratory movement given to one, at any point of the
chain, will run on, wave-fashion, both ways through its
whole length. And he will not fail to notice that the
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286 ON LIGHT.

simple negation of that which constitutes the difficulty.
On the other hand, such a “erystalline orb” or * firma-
ment™ of solid matter conceived as a hollow shell of
sufficient strength to sustain the internal femsion, and
filled with a medium attractively, and not repulsively
elasiic, might realize (without supposing a solid struc-
ture in the contained ether) the condition of transverse
vibration ; by establishing, éfse facte, lines of femsion in
every possible direction, along which undulations might
be conveyed, like waves along a stretched cord, thus
furnishing a fourth hypothesis, which, to those fond of
such speculations may afford matter, sw/ gemerss, for con-
sideration.

(6g.) Tnterference of the rays of light. There is hardly
a more beautiful or a more instructive object in nature
than a large well-blown soap-bubble, Whether we con-
sider the perfect regularity of its form, illustrating, as it
does, in its exact equilibration the great mechanical
laws to which the sun and planets owe their spherical
figure—demonstrating, by its resistance to disruption by
blasts of wind which distort it, and by its ready and
complete resumption of its normal shape on their cessa-
tion, the powerful tensile force which holds it together ;
and proving, by the instantaneous collection of its filmy
tissue into water-globules, in the act of bursting, the
immense intrinsic energy of that force as compared with

gravitation—to the mechanician it is fraught with matter
of the highest interest. To the photologist, on the other
hand, the vivid colours which glitter on its surface afford
at once the simplest and most elegant optical illustra-
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288 ON LIGHT.

ticular colour assuming a greater richness and depth of
tint, but, by the gradual wwithdramal of the faint tints
from the vertex, while fresh, and more and more in-
tense hues appear at that point, and open out into cir-
cular rings surrounding it ; giving place as they enlarge
to others still more brilliant, until at length a very bright
white spot makes its appearance, quickly succeeded by
a perfectly black one. Soon after the appearance of
this the bubble bursts. During the whole process it has
been growing gradually thinner by the slow descent of
its liquid substance on all sides from the vertex, till at
length the cohesion of the film at that point gives way
under the general tension of the surface. The annular
arrangement of the colours, and the coincidence of their
common centre with this, the thinnest point of the film,
evidently go to connect their tints with the thicknesses
of that film at their points of manifestation, and to indi-
cate that a cerfain fint is developed at @ certain thickness,
and at no other. This, we shall presently see, is really
the case.

(71.) The order of the colours and the sequence of the
tints is in all cases one and the same, provided the series
be complete, e, provided time has been given for the
black central spot to form. Thus the frsf series, or
order, contained within #ke first #ing consists of black,
very pale blue, brilliant white, very pale yellow, orange,

red ; the second of dark purple, blue, imperfect yellow-
green, bright yellow, crimson ; #4e #4ird of purple, blue,
grass green, fine yellow, pink, crimson ; #he fourth of
bluish-green, pale pink inclining to yellow, red ; #he
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QN LIGHT.

spectrum be made to traverse to and fro on the illumin-
ating screen, the rings will appear to open and close in
an exceedingly beautiful manner, undergoing at the same
time a corresponding change of colour.

(73.) The composite nature of the rings, as seen in
white light, is now abundantly clear. White light is 2 mix-
ture of all the prismatic rays, and the set of rings seen in
such light is of course a mixture of the several individual
sets (concentric, but differing by a regular gradation of size),
of all the several coloured elements of which white light
consists, Imagine a painter who could “dip in the
rainbow” and lay on, one after another, on the same
paper and with the same centre, such a series of rings
gradually decreasing in diameter, and each set tinted
with the pure prismatic hue which corresponds to its
size, from the extreme red to the extreme violet, in their
proper degrees of intensity ;—he would produce just
such a series. If the diameters for all colours were
alike, the compound rings would evidently be white and
infinite in number, separated by black intervals, 1If they
differed only a little—starting from a common origin—
the first ring would be nearly white, but exhibiting a
bluish border inwards and a reddish outwards, growing
more and more ¢ pronounced,” and broken into inter-
mediate tints in those beyond ; but if considerable, the
rings of different orders for different colours would soon
mingle with and confuse each other’s tints, creating the
sensation of uniform whiteness: thus accounting for the
comparative paucity of the mixed series.
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202 O LIGHT,

is no diminution of the colours, or alteration of their
forms. It is to the interval between the swrfaces that we
have to look for their origin.

(75.) Here, then, we have LicHT brought face to face
with SPAacE, and no escape! What happens at or be-
tween these surfaces? How is it that while a single
surface reflects a dispersed beam of light indifferently
over its whole extent, this indifference is destroyed by
placing another reflecting surface behind it; and the
reflexion (at least the efactive reflexion as regards the
spectator) rendered impossible when the second surface
is at a certain distance, or af cerdain distances, from the
first ; while if placed at intermediate distances, it is
either not at all affected, or only to a certain extent
enfeebled? and #ia#, when there is nothing, or at least
nothing realizable to any of our methods of ebservation,
between them? s is the problem before us, reduced
to its simplest terms,—a problem which the corpuscular

theory of light resolves imperfectly and unsatisfactorily,

and the undulatory fully and without reserve.

{76.) When instead of using the prismatic spectrum
{of which it is next to impossible to insulate from the
rest a ray of perfectly definite refrangibility) to illuminate
the film, we employ artificial light (such as that of a
spirit lamp with a salted wick, which may be considered
as almost perfectly homogeneous), the rings are seen
with extraordinary sharpness; their central spot and their
divisions having the blackness of ink, and absolutely in-
numerable ; being traceable with a magnifier when too
close to be otherwise distinguishable, apparently without
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204 ON LIGHT:

in the opposite state or disposition. Having been trans-
mitted then at the first, it will be reflected at the second,
and, having in its passage back through anofher egual
thickness reassumed its original state in which it first en-
tered, it will there be dransmiffed, and so will reinforce by
its light the general reflected illumination of that surface.
Since the per-centage of the total light reflected at any
transparent medium is but trifling, the light so sent back
from the second surface will be nearly equal to that re-
flected from the first. Thus for these exactly interme-

diate thicknesses, the joint-reflected illumination is very
nearly doubled, and between these and the former series

of thicknesses will increase and diminish alternately and
gradually.

77.) Suppose now in the case of our soap-bubble
the thickness of the film to increase uniformly outwards
from its vertex (where it is nearly /). Then it is evi-
dent that when exposed to dispersed light it will appear
divided into equivalent circular zones alternately bright,
and eomparatively dark, the centre being also dark. And
here we have a representation of our observed rings, with,
however, this remarkable and most important difference,
viz.: that the central spot and the dark divisions, on this
explanation, ought not to appear absolutely black, but
Jaff bright, when compared with the brightest portions
between them. In point of fact, some exceedingly slight
reflexion is perceivable in the dark centre, but instead
of half, it cannot be estimated at the fiftieth part of the
illumination of the bright ring which immediately ad-
joins it
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ON LIGHT.

not wery large, they will require a magnifier to be well
seen, their diameters being in that case very small ; but
with a lens of 20 or 3o feet focal length it is consider-
able, and the rings may be seen, and their diameters
measured, with ease. Now it is found that these diame
#ers, for the first, second, third, &c., dark rings in order
(reckoned from the centre), are not in the proportion of
the numbers 1, 2, 3, &c., but of the numbers 1, 1°414,

‘732, 2000, &c., which are their exact sguare roots,
giving to their system the appearance represented in the
preceding diagram ; and this is exactly the progression of
distances from the point of contact measured on the
surface of the plane . glass which correspond to the
series of perpendicular distances between it and the convex
spherical surface of the upper glass In the proportion of the
arithmetical series, as may be seen in Fig. 7.

(79.) So far, then, the Newtonian hypothesis affords a
satisiactory account of the facts; in all, that is, but that
one particular already adverted to. This, however, must
be considered as conclusive against it ; while, on a con-
sideration of the whole case, there remains outstanding
this strange fae/—that at certain distances between two
partially reflecting surfaces, forming a regular arithmetical
progression from ##/ upwards, the portion of a beam of
light reflected from the second, after passing back
through the first, so far from angmenting the first reflected
light, annifilates i, and furnishes us with an instance
(which is, as we shall see hereafter, not the only one) of
the combination of lights creating darkness

(80.) The question now arises,—Will the undulatory
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298 ON LIGHT.

having set out initially from one common origin, reach the
same point by two different channels or lines of com-

<
munication differing just so much in length that the
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ON LIGHT,

of one and the same “channel” (using these terms also
in their most general sense) along which each set, separ-
ately, might be frecly propagated—i.c.,, so that the fore-
most crest of the first set shall strike the mouth of the
channel at the same moment with that of the other—they
will combine and run on along the channel as a single
set or series of waves of double the height or intensity.
In this ease they are said to artive “in the same phase™
(a term borrowed from the phases of the moon which
passes periodically through the states of full and new,
increase and wane). The same will be the case if the
foremost erest of the series be so timed (by the previous
arrangements) as to reach the mouth of the channel
simultaneously with the second, third, or fourth erest of
the other, in which case the one set is said to be in
arrear or advance of the other (as the case may be) by
one, two, or more entire “ undwlations.” On the other
hand, if the foremost erest of the one set be so timed as to
arrive simultaneously with the first, second, third, &e.,
trough of the other—up to the time of its arrival indeed
the one, two, or three foremost waves which are not con-
tradicted will run forward ;—but, from the moment when
the others begin to arrive, they will cease to be followed
up by any more. In this case the one set is in advance
or arrear of the other by exactly one, or three, or five,

&ec., semi-undulations, and the series are said to be in

]

opposite phases.  In the intermediate  phases” it is easy
to see that a combined set of waves wi# be pro-
duced, but intermediate in height, intensity, or (as
it is called) “amplitude” between these two extremes
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ON LIGY

diminution) will be returned, and, passing back through
the first surface (with only the same trifling per-centage of
loss), will, on emerging, de Superposed on the first reflected
sertes, with which it will be coincident in direction, If
then the thickness of the plate be such that in passing
to the hinder surface, back again, and out at the first, the
second series shall have lst wpon the first precisely one,
three, five, or any odd number of semi-undulations, it
will begin to emerge in the exact opposite “phase” of
its period to that of the undulation of the first reflected
series which starts from the same point at the same in-
stant. Here, then, we have the case contemplated above
of two series of equal waves entering the same “chan-

nel” in opposite phases. They will therefore destroy
each other, or the intensity of the joint ray will be nif,
The contrary will happen if the thickness be such as to
produce a retardation of two, four, or any even number
of semi-undulations. In that case the two reflected rays
will conspire and produce a joint one of double inten-
sity: and of intermediate in the various cases of inter

mediate retardation.

(85.) Thus we see that the' degree of brightness of the
reflected light depends on the thickness of the reflecting
ilm, and that for a certain series of thicknesses i arith-
metical progression, the joint reflection is ##Z; for another
series exactly intermediate, it attains a maximum of inten-
sity; and between these limits, all gradations of illumina-
tion will arise according to the intermediate thicknesses
supposed to exist. This is so far in general accordance with
the phienomena described : but before applying it to the
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304 ON LIGHT.

by its pull.  But in so doing the same pull will also be
communicated to the ball behind it, drawing it forward,
and so in succession to those yet behind ; and in this
manner, a wate ¢f extension will run back along the
series.  If the tension of the string be very violent (sup-

pose equal to the repulsive elasticity of the balls), this
wave will run back with the same velocify as the other,
Here we have then a case of the reflexion of a wave,
where, in the very instant of reflexion, its character is
changed épso facto from that of a wave of compression
to one of extension—in other words, it starts backwards
in the opposite phase to that of its arrival ; or, again in
other words, a semi-undulation is lost or gained (for it
matters not which) én 2ke acf of reflexion.

(86.) This is the extreme case of reflexion from a
denser medium on a rarer—for here there is absolutely
nothing to carry on the motion beyond the terminal
ball. Such a case never occurs in nature as tegards
light ; since even what we call a vacuum is filled with

¢ luminiferous ether. To assimilate it to such as do
occur, suppose a second series of smader balls, similarly
connected with each other, dut mot with the first set, and
brought end to end with it, with just room between for
one termediate free ball of the smaller size to play
backwards and forwards as a go-between ; and let this,
in the first instance, be placed in contact with the last
ball of the first set. When the movement reaches it, it
will be driven off, and immediately striking the end ball
of the second set, will propagate along # a wave of com-
pression, coming itself to rest. In so doing it will carry
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306 ON LIGHT.

medium corresponds to the series of larger balls in this
illustration. This cught to be so, for the velocity is less

in the denser medium as it is in the larger of two balls
after their collision ; and because, as already remarked,
the ether in such media must be either denser in propor-
tion to its elastic force, or somehow encumbered by
their material atoms. And hence we finally conclude
that in the act of the reflexion of light on the surface of
a rarer medium, the phase of the undulation changes,
and a semi-wndilation is lost (or gained—it matters not
which): but not so when the light is reflected from a
denser medium.

(89.) To return now to the case of a thin pellucid
film. If its thickness, ie, the interval separating its
two surfaces, be any number of semiundulations; double
that number, 7.¢, an exact number of entire waves, will
have been lost by the wave reflected from the second
surface at its re-emergence from the first, by reason of
its greater length of path; and thus were no part of an
undulation lost or gained fn #he acf of reffexion, it would
start thence in exact harmony with the first reflected ray.
Jut the second reflexion being made at the surface of a
rarer medium, an additional semi-zndufation will have
been lost, so that the two reflected rays will really start
from the first surface in complete discordance, and destroy
each other. The same is the case if the thickness be
nif, or so excessively minute as to be much less than the
length of a wave, as at the vertex of a soap-bubble when
just about to burst. Here also will the same mutual
destruction of the reflected waves take place. And thus
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308 ON LIGHT.

tween a lens of light crown, and a plate of heavy flint-
glass. In this case the reflexions from the two surfaces
are performed either dotk from a denser medium upon a
rarer, or dot/s from a rarer on a denser according as one
or the other glass is uppermost. In the former case
fw semi-(or one entire) undulation will be ganed or

lost between the reflected rays at emergence, in addition
to the entire ones lost defmeen the glasses: in the latter
none. At the central spot, then, the two reflected rays
will start on their backward course in exact harmony,
and the spot will be white, not black ; and a similar re-
versal of character will of course pervade the whole
series of rings. This result, predicted by theory, has
been found confirmed by experiment.

(92.) It was a favourite idea of Newton that the
colours of all natural bodies are in fact the colours of
thin pellucid particles of such sizes and thicknesses
as to reflect those tints which, in the scale of tints of the
coloured rings above described, most nearly correspond
to them. This idea we know now to be untenable, if
for no other reason than that we are sure the ultimate
particles or indivisible atoms of bodies (if any such there
be), are at all events many hundreds, thousands, or
millions of times smaller than even a single wave-length
of any homogeneous ray of light. Tt will, of course, be
asked how we know these wave-lengths. And this we
must now explain: in doing which we shall have to de-
velop the most astounding facts in the way of numerical
statement which physical science has yet revealed.

{93.) In a series of equal waves running along still
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jio ON LIGHT.

another of expansion by which they return to their places,
these waves, 256 in number, being all comprised in, and
exactly filling the distance (1ogo feet) run over by sound
in that time, each entire wave will occupy 4254 it
And, vice versd, if we knew this @ priori to be the wave-
length, we should rightly conclude 256 to be the num-
"ber of complete vibrations or pulses per second.

(94.) Mechanical processes enable us lo grind and
polish a glass surface into the segment of a sphere of
any required radius—as well as to a plane almost mathe-
matically true. Suppose such a glass surface worked,
we will say, to a sphere of 100 feet radius, to be laid
(convexity downwards) on a truly plane glass. The
coloured rings will be formed, as above described, about
a central dark spot; and if illuminated, instead of
ordinary daylight, by the prismatic rays, in succession,
a series of simply bright and dark rings of the several
colours in their order will be formed, whose diameters in
different series will correspond to their respective tints.
Under these circumstances, the linear measurement of
these diameters may be performed with ease and with
great precision. Now these diameters are the shords of
arcs of acircle on a radius of 1oo feet represented in fig.
7, by the horizontal lines, the zersad sines of whose halves
corresponding (represented by the perpendicular lines) are
the distances between the glasses at those points, or the
thicknesses of the interposed film of ad#, and are easily
calculated when the radius and the chords are known.
On executing the measurements it is found that these
distances, reckoning outwards and commencing with the
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312 ON LIGHT,

experiment.  If water, oil, or any other liquid be intro-
duced between the glasses, the rings are observed to
shrink in diameter, and the more so (and to the exact
extent required by theory) the greater the refractive
power of the liquid,

(97.) If the sensation of colour be, in analogy to that
of tone or musical pitch, dependent on the frequency of
the vibrational movements conveyed to our nerves of
sensation, it becomes highly interesting to ascertain their
degree of frequency, in order to establish the relation be-
tween the two senses of hearing and seeing in that re-
spect. The ear, we know, can discriminate tones only
between certain limits, comprising about nine octaves,
the lowest sound audible as a note making about 16,
and the highest about 8200 vibrations per second.
Taking the velocity of light (as above) at 186,000 miles®*
per second, and reckoning 33,866 wave-breadths to the
inch for the extreme red, 43,197 for the sada-yellow,
and 70,555 for the extreme violet, we find for the im-
pulses on the retina per second which produce these
sensations of colour, respectively, the following enormous
numbers :—

Extreme red, . 300, 101,000, 000,000
Soda-yellow, ., 500,069,000,000,000
Extreme violet, . 831,470,000,000,000

These extremes are nearly in the proportion of 2 to I
so that the whole range of visual sensation on this view
of the subject is comprised in about one octave, If the

* Roughly, 1000 million feet,
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ON LIGHT.

duced. In the disruption of one chemical combination,
and the constitution of another, a movement of mutual
approach, more or less direct, is communicated to the
uniling molecules, which, under the influence of enor-
mous coercive powers, is converted into a series of
tremulous, vibratory, or circulating movements com-
municated from them to the luminiferous ether, and so
dispersed through space. Incandescence without com-
bustion (as in a picce of red-hot iron) must be looked
upon, from this point of view, as a result of the con-
tinuance of this vibratory movement after the primary
exciting cause has ceased, and of its gradual decay by
communication to the surrounding ether ; as a musical
string continues to sound after the blow which set it in
motion, till gradually brought to rest by the surround-
ing air.

(99.) This may perhaps appear a digression from our
subject. DBut it will be recollected that our object in
these lectures is not to produce a treatise on optics,
but to fix attention on the immensity of the forces
in action, and the minuteness and delicacy of the me-
chanism which they animate in the most ordinary opera-
tions of Nature, and which the phenomena of light have
been the means of revealing to us. We have no means,
indeed, of measuring the acfwal intensity of the * coercive
forces” so called into action in the excitement of a lumi-
nous vibration, but that we are fully justified in applying
to them the epithet “ enormous,” the following consider-
ation will suffice to show. Whatever be the extreme
distance of excursion to which a vibrating molecule is
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316 O¥ LIGHT.

(1e0.) Connected with the colours of thin plates are
several distinct classes of optical phenomena, in which
colours of the same kind, and explicable on the same
principle, arise in the reflexion and transmission of light
through or between pellucid plates of considerable thick-
mess, or through spherical drops of water, examples of
which are to be observed in the pink and green fringes
which are often seen bordering the interior of a rainbow,
and in those similarly coloured fringes (of exceedingly
rare occurrence) which sometimes run, like a bordering
ribband, just within the contour of a thin white cloud
in the near neighbourhood of the sun, Upon this class
of phenomena, however, we shall not dwell further than
to observe that they prove the law of the periodical re-
currence of similar phases at equal intervals, not to be
confined to very minute distances in the immediate
neighbourhood of reflecting or refracting surfaces, but to
extend over the whole course of a ray of light—as, on
the undulatory theaory, it necessarily must do.  We now,

whose knowledge of dynamics is limited by this very elementary
application.  Properly speaking, we ought to assume the coer-
cive force to vary in the direct ratio of the d tance; on which
supp y will large and small vibrations be executed in
equal times.  Caleulating on this (the correct) principle, and taking
the extreme excursion (as in the text) at one-trillionth of an inch,
the ratio of the coercive force to gravity at that distance will be
found as 35465,000,000 to 1. On the other hand, as a strange
contrast to the immensity of such a force, we shall find the maxi-
mum velocity it will have generated on the arrival of the molecule
at the medial point of its vibration not to exceed 1 -27oth part of an
inch per second!
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318 ON LIGHT.

of stars when viewed through telescopes of great magni-
fying power, and with apertures either of the usual
circular form, or of forms otherwise varied for this ex-
press purpose.  And though last in our order of enumer-
ation, by far the most important and instructive as
¢lucidatory of the principle of explanation, applicable to
all the phenomena of this class i—the nnﬂou._.oa Eﬂ..m._..w
seen to follow the outlines of shadows when thrown by
a light emanating from an extremely small but intensely
luminous point. 'With these, therefore, we shall begin.
(roz.) It was objected to the undulatory theory of
light by Newton himself, that sound, to which that
theory assimilates it, spreads from an aperture through
which it is transmitted, or round the edge of an inter-
cepting screen of any kind, equally in all directions ; and
thus, were the analogy exact, there could be no shadows,
The objection is founded partly on an imperfect state-
ment of the fact, and partly on omitting to allow for pos-
sible differences in the natures of the conveying media,
and in the modes of vibratory motion conveyed. Every
one is familiar with the sudden outbreak of sound from
a railway train heard at a great distance when it emerges
from a cutting, or turns the corner of a wall or of a hill.
und is propagated through water with greater sharp-
ness, velocity, and distinctness, than through air. But
an obstacle interposed under water, as a projecting pier,
or a rock, cuts off the says of sound, as appears from
direct experiment, with much greater definiteness than
in air, and casts, so to speak, an evident acoustic shadow.
Nor will it appear at all surprising that an effect of this
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320 ON LIGHT.

ing at the hole, will depict on a white screen held at a
distance of several feet from the hole a circular émage or
inverted picture of the sun, which may be considered as
the circular base of a cone of rays having the pin-hole
for its vertex. In this case, the illumination of the
screen, if placed at a great distance, is feeble, and, if
near, the circular patch of light inconveniently small
Jut if instead of a pin-hole, be substituted a convex
glass lens of short focus, the whole of the sun-light re-
ceived on it will be concentrated in the very small
image of the sun formed in its focus, and, diverging
Zhence will spread out into a much wider cone of light,
and form a much larger circular and brilliantly illumin-
ated area on the screen, affording every facility for the
examination of the shadows of objects thrown upen it ;
with the additional convenience that by a reflector out-
side of the window, the illuminating sunbeam may be

thrown horizontally, at whatever time of day the experi-

ment is made.

(104.) The condition essential to the distinct exhibition
of all ph&nomena of this class—that of a very brilliant
light emanating from a very small point—being thus
secured, let an opake body of any form be placed
between the point and the screen, so as to cast a shadow
on it. It would naturally be expected under such eir-
cumstances that the termination of the shadow on all
sides should be a clear and sharply-marked outline,
separating a uniformly bright space on the outside from
a uniformly dark ene within, and free from that external
gradation from light to darkness which constitutes what




yM ® uo
i 1 £ 3500 sMopEYs
safuny payoennp sy o

B our 2 3t 10q Suope

pasod s ‘yifuag sy 03 (qered Sumun:

uz2s 2 10 ‘paquasap Lpraie
I0LIA}XD : xaidwed pue
§ SIE BUSW

ML JOou

‘sinojod. M
23] pue Aawagxs 1noe
arour p

1IMO[[0] ..:.:.,__..F painojos

12y 3 I O} SsauyIep Wol UONISuEL] Uappns

1 Inq ‘patuiog 5 pas

10 ;) uns il jo I3

3 Vi | —_,.. fzaope _.ﬁ .).._H.._“_—uhnu Ul sgrun. u.;_.- a0 —_..3_:4”...“




central line devoid of colour. That these fringes origi-
nate in the mutual interference of rays which have passed
beside doth the edges of the object and entered the
shadow, is proved by intercepting the light on one side
only, leaving that on the other to pass freely. A& the
interior fringes and the central streak disappear, leaving
only the exferior ones on the ilfuminated side outstanding.
The shadow (which is now formed under the same cir-
cumstances as in the former case) must, it is clear, be
still receiving one-half the total quantity of light which
it did before ; and if its edge be narrowly examined, it
will be seen not to terminate in any sharply-defined line
cutting it off from the fringes, but to graduate off insen-
sibly; and hence arises a very singular phanomenon.
If the light be readmitted on fe#k sides, and the breadth
of the shadow, or what under such circumstances must be
accepted as such, be measured, it is found to be much
broader than it ought to be were it limited by straight
lines drawn from the illuminating point through the edges
of the object. And, what is still more remarkable, if its
breadth be measured on a screen, successively placed at
different distances from the object, its increase of
breadth is found not to be in the simple proportion of
its increased distance ; as it would were the aerial shadow
(or the space shaded by the object) bounded by straight
lines ; but as if by curves starting from its edges, and
having their convexities towards the light. And, finally,
if the object and the screen, preserving the same distance
betzoeen them, be moved gradually nearer and nearer to
the illuminating point, the fringes, both interior and ex-
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a certain distanc

one, and so on alternately till after a
the alternations ce
the last position in which the
k, and there fixed, and an opake strip,
slit, be held amedially
and reduce
it to tw 1 ) g r of the original
! t traversing the
ount),—instead of

e on the screen,

nt and re

- i}
wund the re-ent angles cross
s of the sides
1 surround
eserving their continuity,
ted or plume-

are seen—* Grimaldi"

s crested
Hed, from the name of Father

» Who first described (in 1665) these

If a re-entering angle, however, be

xternal fringes which border its sides on

approaching the angular point curve outwards, cross one
rnother, and run out both ways into the shacdow in ele-
gant curves of a hyperbolic form. Nothing can be ima-




aun Jt pasrng £

yed 03 §

A

B0 Y Jo asoy)
1} ‘pano] are i
SIURIED S
1a1]) pue :
jo suon &

a0 uone b

1o st (ag0
jo afemn auy uaysy (gor)

nbax

e ‘rade

JO UIBLIE T ‘SND0J YUl ue

TRINNS MODPUIM

2 s ©
Apsaures -
DARL IM ST

0] “JAom-20E]

Ly ]

MOPTYS :
a10m paurd |

LHOIT NO




326 ON LIGHT.

pleasing appearances will be witnessed. To see them to
the greatest advantage, a magnifying glass should be
used, placing the eye in the place of the screem; and looking
through the glass at the fringes and images of the holes as if
they were real objecls in its focus.

(rog.) When the system of apertures examined con-
sists of a great multitude of exceedingly narrow parallel
slits, precisely equal and equidistant, they constitute
what is called a “diffractive grating,” and present very
curious, and in some cases brilliant, phenomena, which
are best viewed by placing the eye close behind the grat-
ing. The luminous point (which appears colourless) is
then seen accompanied laterally and on either side by a
succession of highly coloured spectra, arranged in a line
passing through it, and with their lengths directed along
that line; their colours, unlike those of the fringes
(which are composite) are the pure unmingled hues of
the prismatic spectrum : even more vivid (if the grating
be delicately executed) than the best spectrum which
can be formed by refracting a sunbeam through a H_lmﬂ.m
and exceedingly remarkable in another respect, viz., that
the proportional lengths of the coloured spaces in each,
instead of depending, as in the case of the spectrum
formed by a prism, on the nature of the particular
medium of which the prism consists, is independent of
any such consideration, and determined solely by the
proportion between the wave-lengths corresponding to
the colours of the rays. They are, therefore, what may
be called mormal spectra.  So pure and undiluted indeed
are their tints, that by the aid of a magnifying telescope
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ON LIGHT.

almost exactly equidistant, exceedingly minute, non-
reflective grooves, and when, if held close to the eye, a
le is seen in it reflected, its image is accompanied
two lateral and very vivid spectra of similar origin,
and an impression of the surface taken on black seal-
_.__._.n“ W3 .___.rf:._r nts ._._.ur. Same _ ENOmEenon.
When, as occasionally happens, the eyes are
h a nebulous film (due to the presence in the
lacrymatory secretion of extremely minute globular par-
ticles of equal size), tl of a candle in a dark
room some feet d 1 ; n surrounded with two or
three broad eircular halos of rainbow colours alternately
and green, it halos are formed round the
e when viewed through two pieces of clear glass
ittle oil mixed with

lelicate powder of the common puffball or Jpegper

#, reduced to a thin even film by pressure and gently

1 together. case they are much
beautiful, th s being those of the

1 plates beginning from the centre, only
more so that it is : scern more than
a fee 1 ion of the fourth ring. Their diameters,
however, unlike those of the coloured rings figured in
r. O, Increase netical progression, or nearly 503

that of the first E lest, reckoned to the minimum

of il ation, being 217 36° or thereabouts.  They owe

their origin to the exceedi i , uniformity of

size and sphericity (or at least circularity) of outline (if
5) of the spores of this fungus.

(112.) The explanation of these and of other pheno-
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330 ON LIGHT.

screen illuminated by light emanating from a single
bright point o (Fig. ro), from which is propagated a series
of equidistant spherical waves cormresponding to light of
any one refrangibility, and therefore distant from each
other by one entire undulation of such light (say, to fix
our ideas, 2 5o,000th of an inch). If o » be joined, inter-
secting the surface of any one such wave, at a given
distance, 0 A from © in A ; P A will be the shortest line
that can be drawn from P to that surface, Suppose,
now, we take on either side of A a series of points B, &,
G ¢; b, 4, &e., progressively more distant (by pairs)
from P than ais, by 1, 2, 3, &ec., hundred-thousandths
of an inch, or semi-undulations of the light under con-
sideration ; and let the whole figure be conceived as
turned round on o P as an axis. Then these points will
mark off on the spherical surface of the wave, a central
circular area (call it the area a), and a series of con-
centric rings or rather zones of the waves (call them in
succession B, ¢, b, &c.), surrounding it, like those repre-
sented in Fig. 7, from every point in each one of which
the light sent to P will reach it in more or less discord-
ance of phase, with that which reaches it from the next
in succession. Thus if all the vibrations propagated
from the central circle () arrive at P in a phase of com-
pression, all these simultaneously reaching it from the
zone (B) will arrive in a phase of expansion, all from
(¢) again in one of compression, and so on alternately.
Now if the distance A » of » from the wave be anything
considerable, suppose a few feet or even inches, it
will be ewormously great in proportion to one semi-
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ity, and the soundness of the theory it relies on, by
i There can be no better presumptive
e truth of a physical theory than its

to predict, antecedent to trial, a result in
adiction to what mankind in general would

as the obvious conclusion of common sense

all ordinary experience. This is the case in

esent instance.  Since the total i ination of one
P on the screen is only that due to the undula-

1 in outstanding after the mutual destruc-
tion of by far the greater proportion of those propagated

".:.._.:_..F.EmF.._q...z,_...ﬁ..\,.._.u._,..r..,..;.._é._.xmcsr.m"qr.r,wc?
ing (o) as No. 1), by those emana ing from the even
(F), &c., it follows that if all the even zones
ely suppressed or rendered inefiective, the
on at P wou'd prodigiously increased, and
on of a few of them would pro-

ness at that

ion of the Inminous rays |

om a brigl ting point, the illumina-
tion of the central point of the image of such perture

e to exceed by many fimes what i wonld be were
le aperture left open.  This strangely paradoxical

ed by M. Billet® to have been experiment-

55, by far the

hed ; only too little ex-

pl y acility of reference, It deserves a
good index.
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i ON LIGHT:

amount of concordant and no discordant rays, and the
illumination will be a maximum. But if p approach
nearer, the difference in question will be greater than a
semi-undulation, and the portion of an aperture near the
edges will send rays to P more or less in #éscordance with
those from the centre, and these will destroy a por-
tion of p's illumination. P approaching this will g0 on
till the difference amounts to an entire undulation
(1-50,000th) ; that is to say, till the aperture extends (as
respects the new situation of ¥) over the whole of the zz
first zanes (1) and (8), of which the second () destroys
almost the whole of the light from (A) (being equal in
area, and differing very little in obliquity). Here then
the illumination at p will be #¥ or very small. p still
approaching, the third zone (c) (which sends vibrations
in unison with (4)) will begin to be included within the
limits of the aperture, and the illumination will again in-
crease to another maximum, viz, when the three, (a),
(1), (c), are just included ; thence again it will diminish
to a degree of obscuration not guife so complete as be-
fore; and so on. Thus as the screen approaches the
aperture, its central point, after attaining a maximum of
illumination, will suffer a succession of eclipses or obscur-
ations gradually less and less complete, with intermediate
Tecoveries, just as we have seen above, is really the case,
When the light is not homogeneous, the different coloured
rays having different wavelengths, the obscurations of
one colour will not correspond to those of the others,
and thus will arise a succession of colours at the central
point of the screen, agreeing with those there described.
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ON LIGHT.

econd (discordant), still less of the third,
» that on the whole there will be a preponderance
tions so introduced, and p will
ed than before. When re-
r however, since the newly intro-
the second zone almost exactly coun-
of (), the effect of the change will have its
1 by the proportional mag

M, &e., disclosed, -among which the

farther from p, or (which 15

ternately
actual ed ge.
and dark ex-

rencous light ; and there-

of the coloured ones

of those formed
to each of which corresponds a
e ; that for the red being broad-
let narrowest.
ure of a phenomenon of difiraction, as
s for its origin on the mutual interference

inkling or scintillation of the stars partakes

rays arriving at one instant, but &y o
roudes, on the same point of the retina of the eye; and
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333 ON LIGHT.

portion, then, on its arrival would meet there, not the
other portion of the same wave to which it originally be-
longed, but one in advance or in arrear of that by either
a half, or any part of an undulation, or any

a whole,
number of such, according to the extent of the difference
in the quality of the aerial contents of the column. Sup-
pose, for instance, the lizht from the two halves of the
column to differ in their time of arrival by 1, 3, 5, or any
odd number of semi-undulations of the most luminous
or the yellow rays; these then would interfere and totally
extinguish each other, and the apparent light of the star
would undergo a great obscuration, assuming at the same
time a hue complementary to yellow; e, dark purple:
and so for other rays. Now the constitution of the air
is so irregular—such a perpetual mixture of masses of it,
differing in temperature and moisture, is continually go-
ing on under the influence of wind-currents, that such

differences as above supposed must be almost con-
stantly in progress, even within the narrow space of a
column no wider than the pupil of the eye, much more
in that corresponding to the aperture of'a small telescope.

The scintillations, with their accompanying changes of
colour, are beautifully seen through an opera-glass
(reat binocular), especially if somewhat out of focus, in
which case the colours and the darkness are seen, as it
were, to run over the circular disc into which the image
iz dilated in a very singular and capricious manner. It
a small circular motion be given to the glass, 50 asto
make the image of the star (when in focus) describe a
circle, this will be seen as a luminous circle {as when a

i
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LECTURE VIIL

ON LIGHT.

‘RACTION—POLARIZATION.

PART NL—DOUBLE R
¥

that most wonderful work, the Optics ot
Sir I. Newton, among the queries annexed
at the end, occurs this very singular one:
 Have not the rays of light different sides,
ginal properties?”® The con-

dued with di
ception intended to be conveyed, as further illustrated
by Newton himself, embodies that abstract notion of

h Dr Whewell in his “ Philosophy of Induc-

T:".,-n_..,“_. wl
tive Science,” expre
e directions,” or, as we should prefer to say, for this
purpose, “different qualities in different directions,” with

ses by “opposite qualities in oppo-

reference (that is) to surrounding space ard the objects
therein situated. The same form of the general concep-
tion, as regards light, which Newton employed to desig
nate the very same peculiarity in its habitudes, was
adopted by Malus in his first announcement of the re-

* “Opiics,” Book iii., Query 26. 4th Edition.
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ON LIGHT.

{120.) As we have already stated when speaking of re-
fraction generally, a ray of light incident on any trans-
parent crystal (certain specified classes of crystals ex-

cepted) is subdivided by refraction into two distinct rays,
pursuing different paths within the crystal, and of course
emerging from it at different points, and so, of necessity,
reappearing, not as a single, but as two distinct and
separate rays, cach pursuing its subsequent course inde-
pendent of the other through space. Of these, when
traced, one is found to have been refracted in the [lane
of its incidence on the transmitting surface, and accord-
ing to the ordinary simple *law of the sines” already
explained. It is therefore said to be ardinarily refracted,

{ and it is called the endimary ray. The other, except in
% A special cases, deviates after refraction from the plane of

sidence, more or less according to the situation of

its
that plane with respect fo the faces of the erystal: and,

moreover, in respect of the amount of its flexure, does
not conform to the simple law of the sines, but to a rule
much more complex in its expression, called the Jaz of
extraprdinary refraction ; this ray being designated as the
extraordinary vay. Such is the case if the original, inci-
’ dent ray be one directly emitted from the sun, a candle,
: or any se/f-luminows body. But if in place of such a ray,
we employ either of the two rays so separated as above
described, for transmission through a second crystal of
the same kind, the result will be very different.  If it fall
[ upon such second crystal in the same manner, according
to the same angles and with the same relative situation
as to its plane of incidence with the sides of the crystal,




T 1SIU0YS Y 'ProquUIoTL I JO SINE SI) PI|[EI aul]
® jo saqwanxs aysoddo ayy v ‘sapfue ssmqe IRyl

£q ‘sanpy pue assnp panun ae ‘gz gl pue zf 101

10 squiots ropuns pue [enba [e
‘530E] XIS 2S0UM) PIOqUIDYT J5M]
-qo ap st &y asoym swIoy oyul
(arqudied pue jounsip Apemdo
ore [eroulm sy up youm) ofe
-arad jo saueld ,, 2s1p3 sp Suope
jesu seaedas sfempe a0 ‘paimy
oey o ‘yorya “dousredsues) ssapmofos pue joapad jo
[eaummt & ‘(3w jo sjeuoqied pazimsiio) meds pue]ad]
PRI [eadulm 313 JO § eisfId oM JO Sueam £q panquyxa
ApueSspy pue Apses are swemonaed asap [y ((1E1)
e1sd1a o Jo suomsod tenSumaar ) USSMIA
Lemgpey Apoexa oz 4818 10 ¢ Szz ¢ 51 ° SF 51 uomsIaA
103 jo a(fue syi uoysm [enba a1 Loyy pue ‘uoursod jsig
)T w0l 9 o] ® ySnoayy uaaq sey (WS40 pEOIS
ay] jo ucisiaauod Ay} se Smprosoe atow ay) Huryeads
Aerousd ¢ Guswapur sagepae wr azffip op punof 2 jpm
storgaval” onzg gf g ‘pAToTAAX A[LIEUIPIOENXD 1910 A
{uEaIpIo 2UO AU oMy OIU} PAPIAIPANS aq [[Ta 3t (EIsdD
PUOD3s 2} JO UONENNS ANEPIuUUL £19A3 Ul pre
e pue “pwpionagx? 3q s ‘pasn uaaq aavy del lew
IPI0 UE J1 “UOTIDEIJAI PUODasS B3 IS SNYY Ui jnq  apdue
1Su e ySnoa Lpoexa fxe wp sp (D 2y w0 PUNOT PaTING
2 ._1..&__?0 puodas ayl ,..__m:_.a o OS[E M uonyelar
SI] pravurpaovsye ‘Cipupecv.axd fi pue Siprionipeo e
Lepugpae wp Ji 2 ApSuis palovyyax ng ‘papIAIpYRS Jaumy
aq son [[ia 31 “Aer Juapour (eulduo Sy jo ISED Y UL SE

£PE ‘LHOIT HO




ey

= sl AN

)

=ty

344 ON LIGHT.

can be drawn across it, and to which it is symmetrical,
as shown in the preceding figure).

(122.) If such a rhomboid be laid down on an ink-
spot on white paper, or, still better, on a small pinhole
in a plate of metal, and held up to the light, the ink-spot,
or the dot of light, will appear through it doubled : the

= two images being separated, in the direc-

& . tion of the shorter diagonal of the face
F through which they are seen, by an inter-
FlE % val of about one-ninth part of the thick-
ness seen through. Thus, if over the first rhomboid
another of equal thickness be laid cwonformably (ie, so
that all the faces of the second shall be parallel to the
corresponding ones of the first), the only effect will be
that the apparent separation of the two images will be
doubled, just as if a single crystal of double thickness
had been wsed. But if from this position the upper
crystal be turned slowly round in its own plane upon
the lower, kept firm ; two other images will make their
appearance between the former, at first very faint and
almost close together, but, as the rotation of the upper
crystal continues, gaining strength (while the others grow
fainter) and opening out from each other in a direction
transverse to the line of junction of the first. When the
angle of rotation attains 45° four images are seen of
equal intensity, after which the two first grow fainter,
and at 9o° vanish,—the whole of their light having
passed into the other two—and so on alternately. When
the upper rhomboid has made an exact semi-revolution
on the other, the image is single, and contains the whole

=

]

e
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ON LIGHT.

the substance in question (or of any crystallized body
whose primitive form is the acute or obtuse rhomboid,
the regular hexagonal prism, and some others, compris-

al fo one line and to one only) it is the only direc-
lued with this property. And on the other hand,
the amount of the double refraction or the angular sepa-
ration of the two rays into which the incident ray is
ivided, is greatest when they lie in a plane perpendi-
cular to this axis. On account of these properties, the
line in question is sometimes called the gpfic axis of the
.....W\r.u...:_._.
(124.) If a erystal of Tceland spar, or any similar
body, be cut into the form of a prism, in such a manner
s to have its refracting edge parallel to its optic axis,
neither of the two refracted rays will emerge parallel to
the incident one, or to each other. They will diverge,
mcludin n angle between them, greater as the refract-
ing angle of the prism is greater, exactly as if the medium
had two different refractive indices. And in this parti-
cular case both refractions follow the ordinary *law of
the sines,” and there is no deviation of either ray from
the plane of incidence. And what is extremely remark-
able, not only the refractive indices, but the dispersive

powers of the two refractions differ, in some cases widely,
50 as to give two spectra (when a sunbeam is refracted)
of very different lengths. In the case of Iceland spar,
the respective refractive indices for the ordinary and

extraordinary ray are 1'654 and 1°483. It is in conse-
quence of this great difference that the two images of a
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348 ON LIGMT,

came to be arranged, half with their poles in one direc-
tion (as regards the sides of the crystal), and half in a
direction at right angles to the former, And this is the
way in which Newton conceived it, as he himself dis-
tinctly states (Opt., Query 21); and as it necessarily must
be conceived if the corpuscular theory were to be
adopted. How it is explained on the undulatory hypo-
thesis, we shall presently see,

(126.) It was while gazing one evening in 1808, through
such a prism of Iceland spar as we have just described,
from his study in the Rue d'Enfer at the windows of the
Luxembourg Palace in FParis, that M. Malus, at that time

gaged in studying the law of extraordinary refraction in
this body, happened to notice that the reflexion of the sun
on a window of the palace disappeared from one of its
images, in a certain position of the prism, and from the
other when held at right angles to that position ; while in
the intermediate situations, the glare was visible in both
images, unequally divided, however, between them, ex-
cept when held in a situation exactly intermediate, or at
45° from its first position :—in a word, that the light re-
flected from the window had acquired precisely the pecu-
liarity which would have been impressed on it by pre-
vious transmission through a similar prism, To this
peculiarity he gave the name of POLARIZATION, and light
so affected has ever since been said to be POLARIZED,

(127.) Total and partial polarisation of light by reflexion.
~—The angle at which a ray of light must be incident on
glass that the reflected ray may acquire this property is
56° 45 from the perpendicular, or at an inclination of
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350 ON LIGHT.

and extends to all media, whatever their refractive
powers.  Thus, for water, the polarizing angle is 53° 11/,
and for diamond 68° 6'—numbers concluded from this

simple rule (equivalent to the geometrical property above
A B

o
Fig. 13
stated) that tke index of refraction is in all cases e tangent
of the polarizing angle:

(r29.) If a ray of light so polarized by reflexion be
received on such a prism as is above described, held
with its refracting edge (i., the optic axis of the crystal)
at right angles to the plane of reflexion, or parallel to
the reflecting surface, it will entirely pass into the ordi-
nary, or most refracted image ; o versd—if the prism be
turned round 9o° so as to have its edge parallel to the
plane of reflexion (e, of polarization), wholly into the
extraordinary.  The same interchange will of course
Ern_ :_..:..c if the prism be held immovable; and the re-

glass turned round, so as to change the plane of

q_._f xion, and thus we perceive that rays eppositely polar.
guished by the characters of passing entirely

into the one and entirely into the other of the two images,
when so refracted. A beam of light partially polarized
may be regarded as a mixture of two portions, the one
wholly polarized, the other wholly unpolarized ; and a
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ON LIGHT.

, which might be concluded a griori by considering
that the unpolarized portion differs in no respect from
ordinary light, and is therefore susceptible of so receiv-
ing partial polarization, while the polarized portion re-
tains its polarization unchanged by reflexion, is verified
by experiment.

(132.) If a ray partially polarized in any plane be
received on the doubly refracting prism already men-
tioned, with its edge perpendicular to the plane of
polarization, the polarized portion will pass wholly into
the ordinary image, while the unpolarized will be equally
livided between the two. Thus the two images will be
bright. By turning round such a prism, then,
till a position is found at which the contrast between

C
unequally
the two images is most striking, this plane will be dis-
covered, and the difference of their illuminations is the
measure of the quantity of polarized light in the beam.
(133.) Polarization of light by refraction.—When light
is incident on glass or any uncrystallized transpareng
body af the polarising angle, the reflected portion (a
age, not more than one-twelfth of the whole
t) is wholly polarized in the plane of incidence, as
already stated. The refracted beam (by far the larger
portion), when examined in the mode just described, is
found to be partially polarized in a plane af vight angles
to that of incidence, and the amount of polarized light
which it contains to be precisely equal to that in the
reflected beam. Thus we see that when light falls upon
such a surface, the greater portion passes unchanged,
while the other is divided into two equal portions efpe-
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ON LIGHT.

referred to in what follows as a “polarizing frame,” a
similar series set transparently being termed a polariz-

ing pile.”

(135.) Ofher modes of polarization.—There are certain
doubly refractive erystals, more or less coloured, which
possess the singular property of absorbing or stifling in
their passage through them, wnegually, the two oppositely
polarized rays into which they divide the incident light.
Two bodies especially have been noticed in an eminent
degree endowed with this property—the one a mineral
occurring more or less frequently among the rocks of
igneous origin, called the tourmaline, the other an art-
ficial chemical compound, the iodo-sulphate of quinine.
The former erystallizes for the most part in long prisms of
many sides, terminated by faces, three of which belong
to the primitive form, an obtuse rhomboid, whose axis is
that of the prism itsell In consequence, like all crvs-
tals of this class, it is doubly refractive, and if artifi-
cially cut and polished into a doubly refracting prism,
having its refracting edge parallel to that of the rhom-
boid, an object viewed transversely through it will
appear double ; provided the eye be beld quite close to
the refracting edge ; but if ever so little removed, so as
to look through a greater thickness of the substance, one
of the images will be observed to diminish rapidly in
intensity ; and at a certain, usually very moderate, thick-
ness to disappear altogether, as if extinguished by a
deeper colour or a higher degree of opacity in the
medium, the other remaining undiminished. The unex-
tinguished ray is, of course, completely polarized, and
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LIGHT.

two laminee of Mr Herapath's quinine salt, are laid one
on the other conformably (or with their axes parallel),
the light polarized by one passes freely through the other;
but if the one be turned round on its own plane, on the
other, the intensity of the transmittted beam gradually

ishes, until the axes cross at right angles, in which
position the combination is quite opake, A similar
gradual diminution of light, up to complete extinction,
takes place when a ray polarized by reflexion from glass,
or in any other manner, is received on such a plate, made
to rotate in its own plane. The effects are just what
might be expected to happen if a flight of fatiened arrows
were discharged at a grating of parallel wires. Those
only whaose planes were parallel to the wires would be
able to pass, and having passed one such grating, would
penctrate any number of others placed conformably be-
hind it, but not if placed transversely. This is a simile,
not an explanation, but it cony

ys, though coarsely, to
the mind a conception of the distinction between polar-
ized and unpolarized light, not to be despised as an aid
to the imagination.
(137.) If a “polanzi

frame " of glass plates, such as
above described, be laid down before an open window,
and, the eye being held near it so as to embrace a large
illuminated area or “field of view,” a tourmaline plate be
looked through, and turned slowly round, in its own plane
before the eye; a position will be found in which the
appearance of a dark cloud comes over the frame, extend-
ing over a very considerable visual angle ; the central

portion being completely obscure ; and the darkness shad-
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ON LIGHT.

tial concave, which is go® remote from the sun's
place, the amount of polarized light which it sends to
the eye bears a very considerable proportion to the total
illumination, amounting to nearly a fourth of the whole.
At every other inclination of the visual ray to the direct
sunbeam, the proportion is less, and in the neighbour-
hood of the sun, or of the point on the horizon directly
opposed to it very small. When examined in a mode
hereafter to be described, by the intervention of a tour-
maline plate, and a crystallized lamina, this gives rise to
a series of exceedingly beautiful and brilliant pheenomena,
productive of the greatest astonishment to those who
learn for the first time by their exhibition, that totally
different, and even opposite qualities, characterize dif
ferent portions of an illuminated surface apparently so
perfectly uniform and homogeneous. This effect is sup-
posed to o

the

inate in the reflexion of the solar rays on
articles of the air itself, an explanation encumbered

with many difficulties, but the best (indeed the only one)
that has yet been offered.

(139.) Lolarization interpreted on the undulatory theory.

-According to any conception we can form of an elastic
medium, its particles must be conceived free to move
(within certain limits greater or less according to the
coercive forces which may restrain them) in every direc-
tion from their positions of rest, or equilibrium. It by
no means follows, however, that the nerves of the retina
are equally susceptible of excitement by vibrations of the
luminiferous ether (in which they may be conceived im-
mersed) in all directions. In the case of sound, the

=y
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362 aN

the other resolved portion. Suppose one end of a long
horizontal cord fastened to a wall, the other held in the
band, and tightly strained. If a small vibratory motion
cross-wise to the cord be given to the hand in @ foric
sontal plane, an undulation cnfined £ that Plane, will
run along the cord; if in a vertical one, then will the
undulation be wholly performed in a vertical plane, If
the propagation of a wave along a stretched cord be
assimilated to that of a ray of light, the former of
these cases will convey the idea of a ray polarized in
a horizental, the latter in a vertical plane. If the
movement of the hand (always transverse to the cord)
be not confined to any particular plane, but take place
sometimes in one, sometimes in another, at all sorts
of inclinations to the horizon—t

he undulation which
runs along the cord in this case will convey the idea of
an unpolarized ray. (According to Sir David Brewster,
however, a partially polarized ray would, in this manner
of viewing it, be assimilated to the case when the vibra-
tory movement should neither be strictly confined to one
plane, nor altogether irregular, but confined in its devia-
s from it to some angular limit less than a right angle.)
(141.) There is nothing to lead us to believe that the
vibratory motions of the particles of material bodies,
especially those in the state of gases in the act of com-

bustion, in virtue of which they are luminous, are ne-
essanily confined to any particular plane. Many thou-
sands, or even millions, of vibrations in one plane may
be succeeded by as many in any other, according to the
direction and frequeney of the shocks which give rise to
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ON LIGHT.

which, as we have seen, depends on the proportion of
velocity of the light in and out of a medium. In the
case of one set of vibrations, again, the propagation of
the medium may be equally impeded or influenced in
all directions of the ray—in which case a wave starting
from any point in the surface would run out spherically
within the erystal, while in that of the other the amount
of obstruction might vary with the direction of the ray,
g out wwith different
tizs in different directions from its centre of propaga-
tion, and therefore st spherically.

(142.) To this conclusion, but without passing through
the intermediate considerations which have led us up to
it, Huyghens (who certainly had formed no conception

and thus give rise to a wave runni

of transverse vibrations) appears to have jumped, by one
of the happiest divinations on record in the history of
science, viz., that in the double refraction of Iceland
spar, while the ordinary ray is propagated in a spherical,
that of the extraordinary spreads from its point of erigin
at the surface of the crystal in an elfipfical wave, the

form 1 that of an eblate spheroid of revolution,

having its polar axis parallel to the axis of the rhom-
boid, and bearing to its equatorial diameter a definite
numerical proportion, viz., that of eight to nine (very
nearly). Making this assumption, and laying it down
as a principle {(capable of demonstration), that the
direction of a ray of light in such a mode of propaga-
tion is not that of a perpendicular to the surface of the
wave at any point, but that of a line drawn from the
centre of the wave to its point of contact with a plane,
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OX LIGHT.

The light then which this wave conveys will be incident
perpendicularly on the surface E H, or in the direction of
the lines BF, ¢ G, and these lines continued to & and ,
on the lower surface, would be the course of the rays n ¥,

C G,

them to undergo the ordinary refrac-

tion,

g now the evtraordinary,; suppose the
GH of the surface screened, and only the
portion F G of the wave allowed to enter. This on stril-

Iy

ing the surface, will excite at every point over its whole
extent a luminiferous vibration, which will be propagated

portions

A B c D

L

idal wave, havi

W

n the crystal in a spher ng its shorter
axis parallel to that of the crystal : and all these spheroids

being equal and similar, the plane which touches them all,

and which 7, in effect, the extraordinarily refracted plane
wave within the erystal, will advance parallel to the sur-

face E 0. Suppose it amrived at the other surface 1 M,
a

1 let ¥ o be the points of contact of that surface with
the spheroidal elementary waves whose centres are ¥ and
G at that moment. Then will ¥ 0 be that portion of the
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360 ON LIGHT.

direction the velocities of propagation of the crdinary

and extraordinary rays within the crystal are the same,
and that therefore, supposing the two corresponding un-
dulations propagated from the same point in its surface
to run out internally, the one in the form of a spherieal,
the other of a spheroidal shell, these shells will have a
common axis, viz.:—the shorter axis of the spheroid,
which will therefore wholly include the sphere, being in
contact with it at the poles of the spheroid. Caferss
paribus, too, it is equally obvious that, when we come to
consider ¢ nt sorts of crystals possessing the pro-
I __._x... of double refractio 5 the m:n_,.,.:m#w.. of this cc..w_.;v..
or the amount of angular separation of the two refracted
rays at the same incidence, will be determined by the
greater or less amount of ellipticity of the sphercid in
question. Should this ellipticity be »#, the spheroid will

coincide over its whole extent with the sphere, and there

will be no double refraction. Thisis the case with all crys-
tallized bodies, whether mineral or artificial salts, whose
primitive form is the cube. In some cases (compara-
tively rare ones), of which quartz or common rock crystal
; an example, the spheroid is of the kind called profate,
or one formed by the revolution of an ellipse round its
Jongest diameter, and is therefore wholly contained within
ese, then, the velocity of the extraordi-

"y ray within the H.J.....r.w_ ig less than that of the ordi-
nary ; and the latter ray, which is the more refracted of
the two in Iceland spar, is in such crystals the less so.
On comparing different crystals, however, it is not found
{which perhaps might have been expected) that the el-
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368 ON LIGHT.

them performed in planes at right angles to each other,
no such mutual destruction or reinforcement of move-
ment can take place. Two movements at right angles
to each other, communicated at the same instant to the
same material molecule, combine, in virtue of the me-

chanical principle of the composition of motions, to pro-

duce a movement intermediate in direction ; and can in
no case destroy each other.

(147.) It follows from this, that if such be really the
nature of the luminous vibrations and such the true ex-
planation of the ph&nomenon of polarization—interfer-
ence can only take place between rays polarized in the

me plane—such complete interference at least as shall
result in the extinction of both, in the manner above de-
scribed. s conclusion is, happily, capable of being
brought to the test of experiment, and the result is found
to be in exact accordance with the & priori reasoning.
The experiment is simple and direct. Let two small
holes, or, better, parallel slits very near each otherin a

hin opake screen, be placed between the eye and a
very minute and brilliant point of light; and viewed
through a lens, as described in a former paragraph; so
as to see the diffractive fringes. Now over the holes or
slits let two plates of tourmaline of precisely equal thick-
ness and in every respect similar be applied (to secure
which conditions, the two halves of a single plate worked
to exact parallelism and cut across, may be used). Then
if the axes of these plates be parallel, in which case the
light passing through both the apertures will be simlarly
polarized, the fringes will continue to be seen, If one

=,
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oN LIGHT.

T

vibratory movement once set up and steadily maintained,
according to a regular law of periodicity in any one
molecule of such a fluid will, sooner or later (according
to its distance and situation), reach every other, which
from that moment will be agitated by a vibratory move-
ment precisely similar in its phases (though of inferior
extent in its excursions) to the original movement, and
performed in the same period of fime. It matters not  m
whether the medium be or be not equally elastic in all
directions. This will affect the rafe of progress of a wave
through it in different directions, and by consequence
the form of the wave, and the length of time that has to
elapse before the molecule in question begins its vibra-
tory movement ; but once set up in any molecule, that
movement will be maintained, so long as it is, so to
! speak, fed from behind—so long as successive waves
Ve continue to pass through it. In the theory of light, the
(i eye being insensible to vibratory movements in the di-
- f rection of the ray, we have only to consider those com-
i ponents of the motion which lie in a plane at right
H angles to that dir ection, and which, for the present, we
will suppose to be that of the paper before us.

| B
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(149.) Let us consider, then, the kind of motion which the§
an ethereal molecule will assume, under the influence ot e
two such vibratory movements simultaneously affecting iy
it, in directions transverse or otherwise inclined to each the 1y
other, but both directions lying in one common plane, v
that of the paper, or of the wave-surface; each of which e |
~will therefore represent the vibratory movement proper  lf o

to a ray polarized in a plane at right angles to our paper,
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ON LIGHT.

or radius; and the same is true of ¢ 1, ¢ 2, ¢3, ¢ 4,
&5

(r50.) This premised, we are now in a condition to
trace the movement of a molecule affected at once by
both these causes of displacement. Let it be O. Then
at the expiration of the first interval of 18 units of time
it will in virture of the vibration parallel to C A, be
carried to a distance equal to C 1 in a direction O P
parallel to that line, and will be found so far from the

E ¥

5
Ll

Flg. 13-

line O # parallel to ¢ @ And in virtue of the other
vibration similarly it will be found at the same time at
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only difference: viz., that the resultant rectilinear vibra-
tion will be performed along the other diagonal, i ¥, of
the same square.

(151.) It appears, then, that a change of phase in the
vibrations of one of the component rays, of half an un-
dulation, exactly reverses the polarization of the com-
pound ray, and causes its vibration to be performed
along the diagonal m r instead of ¢ B Let us now
examine by what sort of gradations the one of these
movements passes into the other, when the phase of one
of the vibrations C ¢ is changed gradually. Suppose,
for instance, the vibration @ & (so, for brevity, we will
designate it) to be in advance of the vibration A B by
one-twentieth part of a complete undulation, so that at
the moment when c starts from ¢ in the direction ¢ A,
¢ shall have already got to 1 in the direction ¢ 2. Then
at that moment our molecule O will not be at O but at y.
After the lapse of one-twentieth more of a period, C will
have got to 1 in the direction C A, and ¢ to 2z in the
direction ¢ a, and O, actuated by both movements, will
have arrived at z, having of course described in the in-
terval a line y z, connecting these two extremities of the
diagonal of the rectangle xys. And exactly in the same
way, at the expiration of the next twentieth of a period,
it will be found in w, the extremity of the diagonal of
the next rectangle—and thus tracing its course step by
step through the whole twenty, which constitute a
period, we shall see that it will have described a narrow
ellipse, having m n for its shorter axis, and E ¢ for #he
direction of its longer, and touching the four sides of the
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376 ON LIGHT.

tions. We have only to suppose our lines A B, & 4, and
their parallels P , # ¢, inclined to each other at the
angle in question, and of unequal length ; to divide them
similarly (fe, in the same proportion) in the points 1, 2;
3, 4, 5—and we shall obtain a set of ellipses, none of
which, however, can in either of the cases have its axes
equal, or pass into a circle, for this plain reason—that
no circle can touch internally all the four sides of any
parallelogram except a thomb.

(153.) Conversely, a ray circularly polarized may be
considered as compounded of, and may (by suppressing
either of them and letting the other pass, through a
tourmaline plate) be resolved into two equal rays, each
of half its intensity, polarized at right-angles to each
other, and differing in phase by a quarter-undulation,
If one of them be in advance of the other by that phase-
difference, the rotation will be in one direction—if in
arrear, in the other. Elliptic polarization, on the other
hand, when it exists, may be recognized by the possi-
bility of resolving the ray so polarized into two op-
positely polarized, and either of unequal intensity, or, if
equal, differing in phase otherwise than by a quarter-
undulation.

(154.) Finally, a ray polarized in any one plane may
be regarded as equivalent to two equal rays, circularly
polarized in opposite directions of rotation, and having
4 COMMmon zero-point.

(155.) A ray of ordinary light may be considered as a
confused assemblage of rays, polarized indifferently in
all sorts of planes, It is, therefore, a mixed phenome-
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378 ON LIGHT.

mond, and all those bodies which possess what is called
the adamantive Justre (a consequence of such high refrac-
tive power) it is considerable. From such bodies accord-
ingly it is not possible, at any angle of incidence to obtain
a reflected ray completely polarized in one plane. And
when we come to reflexion from polished metals,® the
ellipticity becomes very considerable. In consequence,
only a very imperfect polarization of the reflected light
in the plane of incidence can be obtained by reflexion

from any metalic surface at any angle.

(156.) In all the above enumerated cases, the degree
of ellipticity increases with the reflective power of the
medium of which the reflecting surface is constituted ;
which itself stands in intimate connexion with the mag-
nitude of the sefractive index. It might naturally, there-
fore, be expected to attain its maximum possible amount,
or that the ellipse should become a circle in the case
of total reflexion. This can only take place, however,
when the reflexion is made on the fwfernal surface of a
transparent medium. This accordingly happens in the
case of a beautiful experiment of M. Fresnel, who found
that a parallelopiped of glass,+ A » ¢ b, fig. 15, being
cut and polished, having the acute angles at A and b,

* All metals, even the densest, are in some glicht degree trans-

h.
lass used was that known in France as

“Verre de St
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OK LIGHT.

would have been wholly extinguished at each quarter
revolution,

(157.) Another mode of communicating cireular polariz-
ation to a ray, is to transmit it at a perpendicular in-

cidence through a parallel plate of any perfectly colour-
less and transparent doubly refracting crystal, of such
thickness, that in the passage through it of the two
waves, parallel to its surfaces, into which the incident
wave (supposed plane) is divided, (the one conveyed by
ordinary refraction, the other by extraordinary, and there-
fore travelling with different velocities in the crystal,)
the one shall have gained or lost, after emergence,
exactly a quarter of an undulation on the other. For as
the corresponding rays emerge of equal intehsity, and
oppositely polarized, they here also fulfil all the con-
ditions of circular polarization. If the thickness of the
plate be such, that the difference of phases is more or
less than an exact quarter (or any number of quarters)
of an undulation, the compound ray will be elliptically
polarized, and the degree of ellipticity will be determined
by the thickness of the plate.

(158.) It may Dbe asked, in what does a Tay so circu-
larly polarized differ from an ordinary unpolarized ray,
seeing that the latter may always be regarded as com-
pounded of two ordinary rays of half the intensity oppo-
sitely polarized? We reply, dn #hés: viz., that if again
transmitted through another such glass parallelopiped,
similarly situated, the difference of phase will be doubled.
The emergent ray then will consist of two equal rays
oppositely polarized (and therefore not interfering), dif-
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382 ON LIGHT.

especially is seen which would lead to a suspicion that
the crystal were other than an ordinary piece of glass.
But if, in this state of things, between the crystal and
the eye, be placed another tourmaline plate, Aawing ifs
axis horizontal, a magnificent set of coloured rings will be
seen ; the exact counterpart of the reflected rings described
by Newton (only infinitely more vivid and brilliant), in
every respect but these :—First, that they are all divided
into four quadrants of coloured light by a dark cross
passing through their common centre, and having its
arms vertical and horizontal ; and, secondly, that the
rings themselves are of unequal brightness in different
parts of their cireumference, being most luminous at the
middle points of the quadrants into which the eross
divides them, and fading away very gradually on either
side of these points, till they cease to be traceable and
are lost in the darkness of the cross. On the other
hand, if the tourmaline plate between the eye and the
crystal (which we shall call the “ analyzing plate” or the
* analyzer,” for a reason which will presently appear) be
placed with its axis zertical, a series of rings will also be
seen: but they are, now, the complementary series—
those seen by transmission in the Newtonian experi-
ment ; and the cross, instead of black, is now white.
Lastly, if the analyzing plate be placed obliquely, both
sets of rings will be partially, and, as it were, confusedly,
exhibited ; the one dislocating the other, in consequence
of the brighter annuli of the one set abutting upon the
obscurer of the other, the reds on the greens, the purples
on the yellows, &c.: the preponderance in light, distinet-
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384 ON LIGHT.

like manner, the visual ray throughout its whole extent
is inclined to the axis in a plane at right angles to that
of the primitive polarization. The light, therefore, in-
cident in this plane through the first tourmaline will
pass wholly into the extraordinary pencil, and will there-
fore emerge polarized in a plane af #ight angles to the
(now) herizontal section of the erystal containing its axis
in which its direction lies, fe, again, in a vertical plane,
and will be stopped, for the same reason, by the second
tourmaline ; so that this arm of the cross also will be
black in the horizontal, and white in the vertical, posi-
tion of the analyzer. Let us now consider a ray inci-
dent in a plane 45° inclined to the vertical, or in a plane
intermediate between the arms of the cross (the axis of
the crystal being in all cases supposed held horizontally).
The incident ray then will fall on the crystal in a see-
tion through its axis 45° inclined to that of its primitive
pelarization, and will therefore be equally divided be-
tween the ordinary and extraordinary pencils. These
portions will emerge parallel, and of equal intensity,
though differing in phase by such a number of undula-
tions, and parts of an undulation, as the latter, by
reason of its greater velocity, has gained on the former,
In this state they are both incident on the second tour-
maline, having its axis 45" inclined to both their planes
of polarization, which therefore will subdivide each of
them into two equal portions oppositely polarized, sup-
Pressing or absorbing one, and allowing the other to pass,
and the transmitted portions, being of equal intensity,
similarly polarized (viz, both in the plane of the axis of
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386 0N LIGHT.

zero, but from half an undulation. Of the two partial
systems of waves that interfere, in the case considered,
that which belonged to the ordinary pencil in the crys-
tal passes, as an extraordinary one, through the analyz-
ing plate. Now it is a law, susceptible of demonstra-
tion, but which it would lead us too far aside at present
to demonstrate—that in the transition from an ordinary
to an extraordinary refraction, half an undulation is
gained. With the other portion of the interfering pencil,
no such transition takes pla Half an undulation then
has to be reckoned in addition to the phase-difference
due to the simple passage of the two rays through the
crystal—just as is the case in the Newtonian reflected
rings, and with the same result.

(162.) If we follow out the same chain of reasoning

in the case when the analyzing plate is parallel to the
polarizing one, the conclusions will be identical up to
this last step. But here the cases differ. Neither of
the interfering pencils here at its entry into the second:
tourmaline undergoes extraordinary refraction, and there
is accordingly no semi-undulation to be added to the
phase-difference.  The rings, therefore, will have the
characters of the transmitted series of Newton's colours.

{163.) In the generality of uniaxal crystals, the tints
of the rings, when the crystal itself is colourless (or as
nearly as its colours will allow), follow a succession identi-
cal with that of the Newtonian colours of their plates.
I have elsewhere called attention, however, to several
instances of deviation from this rule, some of which are
of 50 remarkable a nature as to deserve special mention.
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358 ON LIGHT,

equally refracted, or that the highest index of refraction
would be accompanied with the least dispersive potoer. 1
have not made the experiment, but that such would be
the case there can be no doubt. In the spectra formed
by an Iceland spar prism, the reverse is the case—the
higher refractive index corresponding to a much higher
dispersive power, and the most refracted spectrum being
much longer and much more brilliantly coloured than
the least.

(164.) Another highly remarkable example of this kind
is found in the mineral called Vesuvian, a uniaxal crystal
of a greenish hue, which to a certain degree interferes
with the vivid development of its coloured rings. It does
not, however, prevent their being well observed—and
they present this very singular anomaly, viz., that the
system of rings formed by the red rays is considerably
smaller than those formed by the violet, and in conse-
quence that the order of tints in the rings formed in
white light is inverted, so that, of the spectra formed by
a prism of this substance, the more refracted ought to be
the shorter, and the least coloured. This kind of ano-
malous action 1s, however, carried still further in another
variety of uniaxal apophylite, in a plate of which perpen-
dicular to the axis, rays of a medium refrangibility form
no rings at all, so that for such rays the substance s saugly
refractive.  Proceeding from this medium refrangibility
towards either end of the spectrum, rings are formed,

contracting in diameter, as the red or violet end is ap-
proached, but most rapidly towards the red. It would
not be too much to expect that if a prism could be
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ON LIGHT.

observed, on turning it from right to left; in plates of
the same thickness cut from other crystals the same suc-
cession is seen on turning it from left to right. Vet
more singular, is the fact that this inversion—this right-
and

andedness in the suecession of tints, corresponds
to, and is predictable beforehand from, the appearance
of certain small obliquely posited facets on the crystal
previous to polishing, which lean unsymmetrically in
some crystals to the right, in others to the left hand of
the axis held up straight before the eye. In all other
respects the crystals are identical® A similar right-and-
lefthandedness in the external form of their crystals,

accompanied with the very same optical phenomena,
has been remarked by M. Pasteur in the salts called pare-
fardrater and their crystallized acid.

(166.) The account given by the undulatery theory of
these pheenomena is this. Quartz (to adhere to our first,
osen instance) is uniaxa

, but it differs from Iceland

spar and others of that class in a most essential point
first noticed by Mr Airy, viz.: that the sphere and sphe-
roic

representing the simultaneous surfaces of the ordi-
r and extraordinary waves propagated within them,
1 having a common axis, do not touch each other
Hence, in the direction of that axis, though
is, @f @ perpendicular incidence, no double refraction,
there s a difference of velocity in the two rays. Now

the theory at present adopted is, that owing to some
iarity at present not understood ; when a polarized

rst consists of thin alternate layers of right-handed and
Juartz superposed, parallel to their axes.
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392 ON LIGHT.

(167.) It is notin crystallized bodies only that this sing-
ular effect is produced. Strange as it may seem that a
colourless, transparent, and perfectly homogeneous fuid
should deviate the plane of polarization of a ray passing
perpendicularly through it at all; still stranger that it
should do so constantly in one direction for the same
fluid, but in opposite directions for different fluids ;
strangest of all, that even vapours should be found pos-
sessing the same property : such is the case. Thus, oil
of turpentine and its vapour turn the plane of polariz-
ation to the right hand, solution of sugar to the left, and
so for a variety of other substances.® This property has
been made the basis of an elegant instrument called the
saccharometer, by which the quantity of sugar contained
in a given solution is ascertained by simple inspection
of the tint so produced.

(168.) Struck by the fact, apparently so singular, of a
“right-and-left-handedness”. inherent as it were in the
molecules of material bodies—by the correlative fact of
such a tendency, or 50 to speak idiosyncrasy, manifest-
ing itself in the forms of crystals—and again, in quite a
different field of scientific research, in the action of an
electrified cylindrical wire on a magnetized needle
placed parallel to its direction, (which turns the north
end of the needle to the right or to the left according to
the direction of the: current along the wire): it early

occwrred to the writer of these pages that it was

* Mr Jellett, of Trinity College, Dublin, has, I am informed,
recently vered a liguid which is rigdi-handed for one end of the
spectrum, but fgf-handed for the other!
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304 ON LIGHT.

of the ordinary, and spheroidal of the extraordinary ray,
within them. In all or nearly all these, two lines in-
clined to one another at an angle greater or less accord-
ing to the nature of the substance can always be found
{either by a careful examination of the crystal in polar-
ized light through the faces of its natural form, or by
cutting and artificially polishing plates of it), which
possess the properties of such axes ;—along which, that
is to say, refraction is single for a ray passing either way
out of the crystal; and in which when examined in
polarized light with an analyzing plate between the eye
and the crystal, coloured rings are seen. The simplest
and readiest instance of a crystal of this kind is furnished
by a sheet of ordinary mica, such as may easily be pro-
cured in large sheets. If a sheet of this be held before
the eye in a polarized field perpendicularly (an analyz-
ing plate being interposed) and tumed round in its own
plane, two portions will be found at right angles to each
other, in which the polarization of the incident light is
not disturbed, and the field remains dark. Of the two
planes perpendicular to the plate in which the plane of
polarization cuts it in these two positions, one is the
“ principal section” of the plate, and contains its * optic
axes.”” These may be brought into sight by holding the
eye (armed with the analyzer) quite close to the mica,
and inclining the latter, either forward or backward in
one of these two section-planes so as to make an angle
of about 35° with the visual ray on either side of the
perpendicular.  In either situation a set of coloured
rings will be seen, not circular, but of an oval form,
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396 ON LIGUT

tourmalines instead of being crossed, are laid parallel,
the forms of the ovals are the same, but the colours
complementary, and the cross and curved branches
white,

(171.) The forms of these curves are governed by a

Fig 7. Fig. 18. Fig. 1

very simple and elegant general law, common to all
biaxal crystals, and applicable to every angular separa-
tion of the axis: and when this separation is small, as
in the case before us, they may be regarded as * lemnis-
cates,” of which the property is this, that for every point
in the circumference of each oval the product (not as in
an ellipse the swm) of two lines drawn to the two centres
or foci, is invariable; and for successive ovals proceed-
g outwards from either focus, these products increase
in regular arithmetical progression. When the two foci
coincide, that is to say, when the two axes of the crys-
tal coalesce, and it becomes uniaxal, the ovals pass into
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phanomena so apparently paradoxical as to stand in
seeming  contradiction with all previous optical ex-
perience ; and which any one, antecedent to their verifi-
cation by trial, would have pronounced impossible® .
(173.) One highly important conclusion from this
theory must, however, be noticed. The directions within |
the crystal of the two axes of double refraction or the
“optic axes” stand in no abstract gesmetrical relation to
those of the angles and edges of its  primitive form,” or
to its axes of symmetry. They are resultant lines deter-
mined by the law of elasticity of the luminiferous ether
within its substance as related to its crystalline form, and
to the wave-length of the particular colowred ray fransmitled,
They are not, therefore, the same for all the coloured
rays. In the generality of biaxal crystals, the difference
of their situations and of the angle between the twao, is
but small : but in some, as in the salt called Rochelle salt I
(tartrate of soda and potash), it is very great, amounting
to at least 10° by which the direction within the crystal ,_
of either axis for the extreme red rays differs from that I
for the extreme violet.t In this salt the variation in po-

sition of the optic axes progresses pretty uniformly in
passing from a red to a violet illumination. In Car-
bonate of lead, on the other hand, it varies slowly in

s to the phenomena of what is called conical re-
out by the late Sir Wm. K. Hamilton, as a neces-

SAry

esnel's theory, and demonstrated to exist as

ar or of faet,

e |

na to which this gives rise are fully described.




“{uouLrey] 3sTA Su0 U

19132507 pURO PUE PATE[RI “IIAIMOY ‘[[e—3U0 JUIP B

[ELISIEUT JUMAYIP ¢ JO WOIE YOTs 10 PUE ‘SLauad 15 35194
-IUN B—SIapUoM Jo plios ® mo uado £y wmodE AqISIA
1saqrews a1 jo ssedwod o) UMpIyy  SIPOL [EU2EW JO
AINIONIS EWNUL A WOISIA [ENJII[[UT INO 0F m.._”:cu_..n_..:m
pazueiod jo Aqeoadse pue Guiip jo san
-tadoxd a) pue paesyno jo ABA0ISIP M) UL
sn 10 103p2 adoasoioim sy pue adodsafay ) e IR
‘ppe ©1 31 soyng 31 PIGIOf S Ino jnq ¢ mnugoads
911 jo skex [eonuad pue JYUS[ED AN Jo pur ‘sIpoq jo
1 eando oy uo amerRdway jo afueyo Aq paonp

ul Paga

:.nnv._ ..ijm

sSuon

-oad saSueyo oy Jo fsse(d passaxdwion Io ‘pajesuurun

£q pue Sspmsfo | papewm,, £q panquyxa ‘guamounyd
quasymfewr a3 jo Sunpauies pres aavy A[pr[d pmos
ap  sawnjos axmbar pinoa ‘uoneuepdxa a)dmoo 531 0}
Kooy L1orempun ot jo Anpqeoyjdde s 03 s 3qnop 10§
puncif Ysaqewms o) ‘Aue papIOPE OMIPIY SEI YIM JO
auo jou 9y pazueiod jo asn ey Aq Limbua reorsiyd

jo jusunaedap f19a2 ur padepaasp ‘eusmwouayd v nims

pue pipuads jo fpuea 2y AqUISIP OF, UOENIUGD B

01 21322 Suoy suyy Suuq 03 “anamoy ‘un stap (i)
qaje1a oy aouay afessed oy ur nprder swanxa I
Aqpeuy pue Sursearout s Ing ‘usaaf o3 par woy Suissed

66E SLHOIT KO




LECTURE IX

respecting the
objects of this Institution, as one equally
addressing itself to the cultivation of Phil-
osophy and Literature, I am led to believe
that the subject which I propose to bring before it, in
compliance with an invitation which I feel to be both
honour

e and gratifying in no common degree, is one
not altogether foreign to them ; inasmuch as the history
of vision has both a strictly scientific and a more abstract
and philosopl

al bearing ; the one referring itself to
T to mental science. The one regards
only the means and adaptations by which sue sz, and the
other refers to the action of the mind itself in seeing, that
18, in interpreting the impressions produced on our visual

material, the ot

* This lecture was delivered before the Philosophical and Lite-

of Leeds, ou the joth September 1858, at the request
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402 ON SENSORIAL VISION.

recurrence of the colours they assume, which are pecu-
liarly rich and various—the singular effects of gentle pres-
sure on the eye, and partial light admitted through the

eyelids in modifying them or in renewing them when ex-

tinct—all these offer a subject of much attraction and

interest. A very interesting memoir on them has been, e
within these few years, communicated to the Royal v
Society, by Dr Scoresby; but the subject is far from vl
being exhausted, and it is to the habit of attention to dy
such sensorial impressions, fostered by moa:n_.:_u. watch- |
ing the development of these spectra under a variety of g
circumstances in my own case, that I attribute my having &
been led to notice that other class of phenomena of e

which I shall presently speak, and which from their in-
conspicuousness, I suppose, escape the notice of most

people,

(3-) The production of Ocular Spectra refers itself, I st |
presume, to what I have described as the purely physical arii
branch of the general subject of vision. Their seat, it B
san hardly be doubted, is the retina itself,® and their by
production is in all probability, part and parcel of that di

photographic process by which light chemically afiects
the retinal structure, and of the gradual restoration of
that structure to its normal state of sensitiveness by the
fading out of the picture impressed. Cases are not want-
ing in artificial photography where an impression made

* In speaking of the reting, I would not be understood to express
any of on the disputed question whether the #efinae anatomi-
cally so called or the choroid coat of the eye be really the seat of

vision.
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ON SENSORIAL VISION.

—for the most part unpleasing, though not hideous ; ex-

pressive of no violent emotions, and succeeding one
another at short intervals of time, as if melting into each
other. Sometimes ten or a dozen appear in succession,
and have always, on each separate occasion, something of
a general resemblance of expression or some peculiarity
of feature common to all, though very various in individual
aspect and physiognomy. Landscapes present themselves
much more rarely but more distinctly, and on the few
occasions I remember, have been highly picturesque and
pleasing, with a certain but very limited power of vary-
ing them by an effort of the will, which is not the case
with the other sort of impressions. Of course I now
speak of waking impressions, in health, and under no
kind of excitement. When the two latter conditions are
absent, numerous instances are on record of both volun-
tary and involuntary impressions of this kind, and singular
as some of the facts related may appear, I am quite pre-
pared, from my own experience on two several occasions,
to receive such accounts with much indulgence.

(6.) A great many years ago, when recovering from
fever, my chief amusement for two or three days
consisted in the exercise of a power of calling up
representations both of scenes and persons, which
appeared with almost the distinctness of reality. One
of these scenes I perfectly recollect. A crowd was
assembled round a hole in the ice, into which a youth
had fallen. His mother was standing in agony on the
brink, and there were the floating fragments and some-
thing of a shadowy form under the blue transparent ice.
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406 ON SENSORIAL VISION,

casual and irregular patches of unequal darkness, caused
by slight local pressure on the retina, the physiognomic
exponent of our mental state. Even landscape scenery,
to one habitually moved by the aspects of pature in as-
sociation with feeling, may be considered as in the same
predicament. There is nothing definite or structural in
its forms, which are arbitrary to any extent, and composed
of parts having no regular or symmetrical relations. Tt
is perfectly conceivable that the imagination may inter-
pret forms, in themselves indefinite, as the conventional
expressions of realities not limited to precise rules of
form. We all know how easy it is to imagine faces in
casual blots, or to see pictures in the fire.

(8.) But no such explanation applies to the class of
phenomena now in question, which consist in the invol-
untary production of visual impressions, into which geo-
metrical regularity of form enters as the leading charac-
ter, and that, under circumstances which altogether pre-
clude any explanation drawn from a possible regularity of
structure in the retina or the optic nerve.

(9.) I was sitting one morning very quietly at my break-
g, and thinking of nothing, when
I was startled by a singular shadowy appearance at the
outside corner of the field of vision of the left eye. It
gradually advanced into the field of view, and then ap-
peared to be a pattern in straight-lined-angular forms,
very much in general aspect like the drawing of a fortifi-
cation, with salient and re-entering angles, bastions, and
ravelins, with some suspicion of faint lines of colour be-
tween the dark lines. The impression was very strong:

fast-table doing nothin
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408 ON SENSORIAL VISION.

ously varied by that cause. They are very frequent. In
the great majority of instances the pattern presented is
that of a lattice work; the larger axes of the rhombs
being vertical. Sometimes, however, the larger axes are
horizontal. The lines are sometimes dark on a lighter
ground, and sometimes the reverse. Occasionally at
their intersections appears a small, close, and apparently
complex piece of pattern work, but always too indis-
tinctly seen to be well made out. The lattice pattern if
constant, and if always upright, might be explained by
the habit of looking fixedly at a lattice window, with a
view to noting the order of succession of colours in the
Ocular Spectra, which this mode of viewing them shows
finely. Occasionally, however, the latticed pattern is
replaced by a rectangular one, and within the rectangles
occurs in some cases a filling in of a smaller lattice
pattern, or of a sort of lozenge of fillagree work, of which
it is impossible to seize the precise form, but which is
evidently the same in all the rectangles. Occasionally
too, but much more rarely, complex and coloured
patterns like those of a carpet appear, but not of any
carpet remembered or lately seen, and in the two or
three mstances when this has been the case, the pattern
has not remained constant, but has kept changing from
instant to instant, hardly giving time to apprehend its
symmetry and regularity before being replaced by an-
1t other, however, not being a sudden transi-
tion to something totally different, but rather a variation
on the former.

other; t

(11.) Hitherto [ have mentioned only rectilinear forms.
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410 ON SENSORIAL VISION.

patterns, but not clearly enough to make them well out.
On both these occasions the patterns were far more
lively and conspicuous than the dim and shadowy forms
before spoken of, and probably belong to quite a differ-
ent class of phanomena.

(13.) Since that time circular forms have presented them-
selves spontaneously, of the shadowy and obscure class,
on three occasions, one of them quite recently. On the
first of these, circular were combined with straight lines
forming a series of semicircular arches, supported by, or
rather prolonged beneath into, tall slender wvertical
columns, the whole like small wirework ; mere lines,
and bright. on a dark ground ; while another series of
similar arches and uprights darker than the general
ground appeared, intersecting the former so as to have
the dark uprights just intermediate between the brght
ones of the first set. On the second occasion the pattern
consisted of a very slender and delicate circular hoop,
surrounded with a set of other circles of the same size,
exterior tangents to the central circle and to each other.
On the third, the whole visual area was covered with
separate circles, each having within it a foursided
pattern of concave circular arcs.  All these phenomena
were, however, much fainter than the chloroform exhibi-
tions, and of the order of the lattice patterns.

(14.) Now the question at once presents itself—What
aré these Geometrical Spectra? and how, and in what
department of the bodily or mental economy do they

ginate? They are evidently not dreams. The mind
is not dormart, but active and conscious of the direction
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412 ON SENSORIAL VISION,

tion of visible form to the sensorium. Still, even grant-
ing that such reflex action is possible, and the retina is
so impressed, the question remains—Where does the
pattern itsell or s profotype in the infellect originatel
certainly not in any action eowscously exerted by the
mind, for both the particular pattern to be formed and
the time of its appearance are not merely beyond our
will and control, but beyond our knowledge. If it be
true that the conception of a regular geometrical pattern
implies the exercise of thought and intelligence, it would
almost seem that in such cases as those above adduced
we have evidence of a #hough?, an intelligence, working
within our own organization distinct from that of our
own personality. Perhaps it may be suggested that
there is a kaleidoscopic power in the sensorium to form
ular patterns by the symmetrical combination of
casual elements, and most assuredly wonders may be
worked in this way. But the question still recurs in
another form: “ How is it that we are utterly uncon-
scious of the possession of such a power ; utterly unable
voluntarily to exert it ; and only aware of its being ex-
erted at times, and in a manner we have absolutely no
part in except as spectators of the exhibition of its
results?”

(16.) But again, it may be urged that the particular
geometrical forms presented are familiar ones, and are
not created or invented gro re nata, but simply old ones
reproduced—their reproduction being an act, not of
invention, but of memory. But against this view of the
malter there appears to me to exist an insuperable objec-
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SENSORIAL VISION,

having gone so far in this direction, I may perhaps be
borne with if I add one or two more observations of a
similar personal nature, which, though not bearing on
the subject hitherto spoken of, seem to me not without
some interest as contributions to that mass of unaccount-
able or difficultly explicable facts with which the history
of vision teems so abundantly.

(18.) The first of these is one of constant occurrence
to myself in railway travelling. When looking out on a
sloping bank, the train going rapidly, if the sight be
directed fixedly out in one direction, all near objects—

stones, grass tufts, &c.,

are of course seen as if drawn
out into horizontal lines. Now what I constantly per-
ceive is the appearance of slender obscure lines like
limly seen dark wires at regular intervals asunder, cross-
ir

g those linear streaky images nearly at right angles,
and which always seem not to stand vertically up and
down, but as if they reclined backwards on the slope of
the bank. I find it best to let the eyes take their own
focus without endeavouring to adjust them to any
object.

(rg.) It 1s generally taken for granted that to see any
object whatever, the hest way is to look straight at it,
and get its image impressed on the centre of the retina,
This is certainly, however, not the case with a single
bright luminous point, if no brighter than a star of the
third or fourth magnitude, as any body may convince
himself by trying the experiment the first clear night.
When two such stars of equal magnitude, within a
degree or two of each other, are looked at, nothing is
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416 ON SENSORIAL YISION,

always succeed, and requires a peculiar adjustment
of the light, and of the comparative illumination of the
objects and the ground on which it is seen projected,
and perhaps also a peculiar state of nerve ; but when it
does succeed, the effect is exceedingly singular and
anomalous.

(z0.) It would lead me into too great a length of detail,
and I may also add, into a labyrinth of metaphysical
considerations, out of which I should find some diffi-
culty of getting disentangled, if I were to go into a dis-
cussion on those points of connexion between our
mental and our bodily organization which these facts
seem to suggest. There is a very curious chapter in
Stuart Mill's Tivatise on Logic, devoted to the question
whether we are quite sure that every event das @ cruese.
He decides it, as every reasonable man must do, in
favour of the universality of the proposition, but he is
compelled to admit, as every one who considers it
closely must, I think, equally do, that the phznomena
of the human will stand in a very peculiar relation to
1at question ; and that granting volition to be a cause
of action, and granting the entire freedom of our will and
its complete fndependence to ¢

hoose when a choice of
lines of action is brought before us, there is still the
question behind—What determines the willl To this
question an answer must be found which will leave man
a moral and responsible agent. To choose the right
and to avoid the wrong, as such, must be left in his
power, and a freedom and independence of choice as
between these two grand lines of action must be left
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418 ON SENSORIAL YISION.

out of the question to pretend to raise any theory—state
any doctrine—or say anything in the least degree satis-
factory, or on which any two opinions would agree,
about it.  Still it strikes me as not by any means devoid
of interest, to contemplate cases where, in a matter so
entirely abstract, so completely devoid of any moral or
emotional bearing as the production of a geometrical
figure, we, as it were, seize upon that principle in the
very act, and in the performance of its office.

{z1.) I will not, however, pursue this further, lest T get
bewildered myself and bewilder all who listen to me, and
it only remains for me to thank you for your patience
in listening to me so far, and to apologize once more
for dwelling upon my personal impressions. There is
one thing more I would add—which is to congratulate
this town of Leeds on the existence wi

it of a society
of such a nature as that here assembled, and number-
ing among its members so many gentlemen of large and
liberal views, of extensive information and high acquire-
ments, both scientific and literary—equally the oma-
ments of this their city, and of our common country.
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THE

YARD, PENDULUM, AND METRE

the principle of the measure”), and it may therefore be
reasonably presumed that it will be brought forward
again in the next session, in the same or a modified
form. As the discussion it received in the House
seemed to be in no respect commensurate with the im-
mense importance and sweeping nature of the change
proposed, and with the exception of one or two rather
cursory notices in Zhe Zimes, excited a marvellously
small amount of public interest pending its progress ; it
will not be amiss if, being called upen by the committee
of the Leeds Astronomical Society for an exposition of
some point of general interest in the form of a Lecture
or Essay, to be read at one of their Evening Meetings,
I select this for its subject ; and endeavour to place be-
fore you the several conditions which any standard or
typical unit of length which shall be assumed as the
basis of a system of measures and weights intended to
be national, and which may justly claim to be universal,
ought to fulfil; and to compare with these conditions,
in order to see how far they are fulfilled in fact, both
our actual standard, the French metre now in use, and
the length of the pendulum, which has been more than
once proposed as a natural unit of length. And this I
will endeavour to do in as elementary and familiar a
way as shall be consistent with perfect correctness.

‘hose of the present audience who are not already
familiar with the subject will thus be better enabled to
form an opinion as to the desirableness of the change
actually proposed, or of any legislative change in our

cxisting standard, and in our system of measures,

»
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THE YARD, PENDULUM, AND METRE.

theoretical perfection (which, I shall show, may be
done). We may, too, retaining, all the convenience of
our existing denominations (so far as they are convenient)
superadd to them, by permissive legislation, the addi-
tional convenience of a decimal system for facility of
calculation : relying on its holding its ground if really
affording such facility, or working its way into general
use, and ultimately driving out the old system, if found
by the mass of the population to be practicably pre-
ferable. This last is the course I would myself prefer,
and I think it best to say so in the outset, lest those
who may take a contrary view should imagine a foregone
conclusion to be urged upon them under the semblance
of free inquiry.

(3.) It is unnccessary, of course, to observe that, the
measurement of length being required for almost every
purpose of construction as well as for every intelligible
statement of the sizes of material objects, the lengths
of journeys, the distances of places, &c.—renders indis-
pensable the recognition, in every community, of some
common standard, some well-known and identifiable
unif, by whose repetition great, and by whose aliquot
subdivision small lengths, distances, sizes, &c., may be
expressed in words and numbers. The common sense
of mankind, moreover, would paturally point, in the
sclection of such unit, to some object of common oc-
currence, of moderate linear dimension, and of which
individual exemplars differed but little, or, if possible,
not at all in this respect; so that appeal might at
once be made to such exemplar in case of a question

T
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THE YARD, PENDULUM, AND METRE

And so, among all nations whose measures have been
handed down to us, we find in speaking of the unit of
length, some members of the human person designated.
Thus, the bed of the gigantic king of Basan is related to
have measured eight cubits in length “after the cubit
(4e., the fore-arm) of a man.” The height of Goliath
the Philistine was “six cubits and a span.”  The bow
of Pandarus, described by Homer, was formed of
the horns of an H.cn.m. which grew out sixteen paims
(or hand-breadths) from his head. The Romans
reckoned their distances by intervals of rooco paces
(millia passuwm) whence our mame for a mile, though
differing widely in real

If, however, we may judge
from the great diversity in the actual lengths adopted
under the common name of “a foot” as the standards
of different nations, we shall see reason to believe that
the typical foot selected was usually that of an indi-
vidual—some Chief, King, or High Priest, who could
claim pre-eminence among them as a man par excellence,
and who would seem to have been generally above the
average stature. Thus we find the Roman foot equi-
valent to 116 of our inches  the English to 12; the
Greek to 121 ; the French to 12:8; and the Egyptian

or “Drusian” to 13'1—all of them (especially the two
last) in excess of the real length of the foot of a well
proportioned man of medium stature (say sft. 1oin.)
which does not exceed 10§, or at the most 11 inches.
(5-) Another class of objects, which, from the univer-
sality of their occurrence in vast numbers, and their
general uniformity of dimension, would naturally accur as
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426 THE YARD, PENDULUM, AND METRE.

any kind of medium magnitude, among multitudes of
objects of a like species which oceur in nature.  Such
must, of necessity, be chosen among organic structures
of the animal or vegetable kingdom (for among inor-
ganic masses of whatever kind, nature presents no in-
stance of a mean or typical magnitude, as distinct from
the average of 2 number accidentally assembled, which
may differ to any extent from an average similarly taken
of an equal number elsewhere collected). And among
the former classes of abjects, even were it possible to as-
semble and measure them in sufficient numbers to afford
a true Zypical mean, we should have no security for its
identity in different ages and climates.

(7.) We are driven then, in our choice of a waiversal
standard to the selection, either of some individual ob-
ject, (if such there be) natural or artificial, imperishable
in its nature, unsusceptible of variation by lapse of time
or decay, and indestructible by accident—or else, to
some ideal or resultant length or magnitude (if such
there be), susceptible by its definition of being as it
were translated into a material expression, and marked
out as the result of some process which we are sure will,
in all ages and places reproduce the same identical
result. And besides these qualities of invariability, in-
destructibility and identical reproducibility it ought to
possess some obvious claim to genera/ acceptation as of
common interest to all mankind, or at least to all the
civilized portion of it: an interest from which national
partialities and rivalries should be altogether excluded.
(8.) The individual human type is at once excluded
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428 THE YARD, FPENDULUM, AND METRE

diameter might be more advantageously substituted : but
that we have good reason to believe the equator to be
not strictly circular, but in some degree elliptie, the pro-
portion of iis greatest and least diameters not being yet
precisely known, though very much nearer to equality
than that of the equatorial and polar diameters. This
however would not prevent its mean equatorial diameter
from being assumed in preference to its circumference,
were not the polar axis, for very obvious reasons, prefer-
able to both. Of the latter, and indeed of all three
(thanks to the elaborate geodesical surveys which have
been made within the century last elapsed), we possess
a knowledge so precise as to render them perfectly avail-
able for our purpose.

(9.) Of lengths which exist not marked by the dimen-
sions of any material object, but which are defined by
the nature of things and by physical relations, and which
are susceptible of exact determination and of being
marked off on a scale, and so o becoming materialized
for practical reference ; there have been proposed only
three which can be considered theoretically, and of these
only one practically available. These are, 1st, the vel-
ocity of light or the space travelled over by light in some
definite time (say the ten-millionth part of a second,
which would give a modulus of about roo feet); zdly,
the length of an undulation of a ray of light of some
definite refrangibility—a length so minute as to require
multiplication a million-fold to give a modular unit ; and
3dly, the length of a pendulum vibrating seconds under
certain  definite and normal circumstances—or rather
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THE YARD, FENDULUM, AND METRE

be considered the standard yard of the

mate

of remeas

finitely more summary one of a precise repetition of
Borda's experiments and the exact re-application of all

his corrections and reductions.

(11.) For the reproduction of the English yard, a simi-
lar repetition of those experiments ## London which led
to the adoption of the number 39°'13929 in.
sure of the pendulum would, in such an event, no doubt
have been, at that epoch, resorted to; thou
ure from the wording of the act, which speaks of a

British empire,
it provided for its recovery and reproduction in case of
the total destruction or loss of it and all its authentic
copies and facsimiles, by a declaration that its length is
36 inches, suck that 39'13929 of them are equal to the
length of a pendulum vibrating seconds ## vacue and at
the sea-level, in the latitude of London.

the French commissioners also in 1798 w
enactment of the metrical system, is careful to state that
in the event of the total loss or destruction of all
representatives of the metre its value would be
easily recoverable from a numerically specified relation
between its length and that of the pendulum vibrating
seconds at Paris, which had been determined with great
accuracy by Borda, one of the commissioners, So that,
practically speaking, in the event of the total destruction,
by political convulsions, of every authentic yard and
metre (supposing any written record of our existing
knowledge to survive them) the metre would have been
recovered, not by the laborious and costly process
g the French meridian are,

- S
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432 THE YARD, PENDULUM, AND METRE

and named the others in a certain order as its successors
in the event of its destruction or loss, omitted the clause
identifying its length with any numerical multiple of the
pendulum. In fact, then, our yard is a purely individual
material object, multiplied and perpetuated by careful
copying ; and from which all reference to a natural origin
wusly excluded, as much as if it had dropped
from the clouds. Apart, then, from the extraordinary
pains taken in its construction, and from the singularly
fortunate but at the same time purely accidental coinci-
dence which I shall presently mention, it has no preten-
sions whatever to be regarded as a scientific unit.

(13.) Let us now consider the claim which the pen-
dulum, in the abstract, as a measure of the earth’s gravi-
tation, can advance for its reception as a fundamental
and universal standard of length (and here, incidentally
it may be remarked that, as @ feng#k, it is not more in-
convenient than the metre, being within about a quarter of
an
French Savans for their rejection of it in favour of the
metre, and, as would appear, the only one which
weighed with them (for their other reason ostensibly
advanced is a mere appeal to the political passions of the
time) was the dependence of the length of the pendulum

15 st

ch the same).* One of the reasons assigned by the
) g ¥

* The metre has this inconvenience, as compared with the yard
t while the latter can be readily extemporized by a man of
ary stature (and often is so in practice) by holding the end of a
#tring or ribband between the finger and thumb of one hand at the
full I b of the arm extended horizontally sideways, and marking
the nt which rought to touch the centre of the lips
(facing full in front); the former is considerably too long to afford
the same facility.
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THE YARD, PEND

M, AND METRE

over again, this would be as good a unit as could be
proposed.

(r4.) But the true objection to the choice of the pen-
dulum for a universal unit of measure lies, not in any
sical and abstract considerations of this kind ;
but in the uncertainty which prevails, and must neces-
ways prevail as to the true length of that normal
or ideal pendulum which shall stand equally related to
the whole globe, and from which the mean length cor-
med latitude can be calculated :
that is to say, the length of a pendulum which would
swing seconds at the pole of the terrestrial spheroid—
an uncertainty which, as I shall proceed to show, must
affect the result of every attempt to deduce it with the

metapl

sarily

responding to any :

precision the subject requires from experiments made on
the surface of our planet: however refined the methads
employed, and however numercus and diversified the
geographical stations at which they may be instituted.
(15.) In practice, the mean length of the polar or
equatorial pendulum is concluded from an assemblage of
the observations of the times of oscillation of one and
the same inv:

riable pendulum at a multitude of geo-
graphical stations in all accessible latitudes in both
hemis

eres: no two combirations agreeing in giving
gth, by reason of the local deviations
of the intensity of gravity due to the nature of the soil,

the same pre:

and the configuration of the ground immediatety beneath
and around the places of observation. Now, since the
pendulum cannot be observed at sea, the whole sea-
covered surface of the globe is of mecessity excluded
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THE

YARD, PENDULUM,; AND METRE.

and yths of the earth’s mean density—that is by a
simple calculation ylyy, or rather less than one 18coth
part of the whole attraction of the earth—a fraction far
too large, as well as far too uncertain in its amount
either at any given spot or in general, not to vitiate irre-
mediably any conclusion as to the ultimate result of the

(16.) Similarly, if we look to the reductions to the
sea level necessary for stations in the interior of conti-
nents, we shall find that they depend, partly on the
diminution of gravity due to the lejght alove the sea-
level, or to the increase of distance from the earth’s
¢, which always tells in diminution of gravity ; and

partly on the protuberant matter, be it mountain or
elevated table-land immediately beneath and around the
pendulum, which always tells in favour of fnereased gravi-
tation. The former portion is rigorously calculable, and
therefore need not trouble us, but the latter is in an ex-
ne degree uncertain in particular localities, and in a
general estimate falls very short of compensating for the
sea-deficiency. For the mean height of the European
continent is only 1342 feet; of Asia 2274; of North
d

America 1496; and of South America, 2302. The

mean is 1840 fect, or rather more than a third of a

e, wl

ich, on the same principle of reckoning, would
;alent to about yxlggth part only of the total
gravity, which has to be reduced to one-third of its
amount, or to 1-45000th, inasmuch as the proportion of
land to water over the whole globe is only that of 51 to
146, or about 1 to 3. This is the mean effect of the

be equi
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438 THE YARD, PENDULUM, AND METRE.

moon’s. Now the mass of the moon is about one 88th
part of that of the earth, so that one 88th part of the force
that draws them together is due to the moon. By so
much then must the space fallen through be diminished,
to get that due to the earth's alone. Suppose, now, that
the moon's mass assumed should be in error by a soth
part of its whole amount —(and Laplace’s e
differs by as much from that at present received)—and
we shall find ourselves landed, from this cause of uncer-
tainty alone, in an error to the extent of mearly one
4oooth of the quantity sought.

(18.) Lastly, our knowledge of the moon’s mass is
mainly derived from its effect in producing the phaeno-
menon of nutation, which it does through the medium of
the earth’s ellipticity, so that not only the dimensions,
but the figure of the earth are thus mixed up in our
attempt to derive the length of the normal pendulum from
the moon’s motion,

{19.) I cannot but consider then that the uncertainty
of the one mode of obtaining the length of the normal
pendulum, and the non-independence of the other, unfit
it for being received as the ultimate scientific basis of a
universal standard

; whatever merit it may possess in an
abstract and metaphysical point of view—and that the
true and only practical use of the pendulum in relation
to such a standard is the ready, cheap, and perfectly un-
objectionable means its measurement, at a determinate
spot and under defined circumstances, affords of recover-
ing it when lost, by the recorded statement of its length
in terms of such standard.

i
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440 THE YARD, PENDULUM, AND METRE

of its meridian}) that to raise an objection against the
practical reception of the metre, either ger s, or as.a sub-
stitute for the yard, on this score, would savour of hyper-
criticism. A more serious objection is the choice made
of the circumference of the meridional or generating
ellipse of the terrestrial spheroid in preference to its
axis of revolution. This is a blemish on the very face
of the system—a sin against geometrical simplicity.
Still, were the length of the metre as determined by the
French geometers rigorously exact, or correct within
limits which the much more extensive measurements of
meridian arcs since made elsewhere than in France have
proved to be attainable, this would be only a matter of re-
gret, and could hardly, of itself, be drawn into an argument
for its rejection. But this is far from being really the

case. The metre, as represented by the material stand-
ard adopted as its representative, is too short by a
sensible and measurable quantity, though one which
certainly might be easily corrected. To show this it
will be necessary to enter into some detail.

(22.) In effect, that standard is declared, in the An-
nuary of the Bureau des Longitudes, to be equal to
39°37079 British imperial standard inches. The quad-
rant of the French meridian then ought, if this be correct,
to be 393,707,900 such inches, or 32,808,992 feet. And
by whatever aliquot part of its whole length the true
quadrant exceeds this, by that same aliquot of s length
is the metre, so stated, erroneous.

(23.) Mr Airy, by a combination of the whole series of
meridian arcs whose measures had been obtained in

obd
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442 THE YARD,

PENDULY M,

AND

METRE

Schubert however, arbitrarily, and as I think quite inde-

v, rejects altogether the result of the French arc,
ns to the Russian double the weight of the

Indian; a mode of precedure in which he will find, I
presume, few to agree with him.
the only fair way to treat them, is obviously to ascribe to

each of the separate results in taking the

A much fairer, indeed

mean, a

weight proportional to the total extent of the arc, and
this gives for the length of the axis 41,708,710%0 feet.
Comparing then the final results of the two modes of

procedure we find,
F

which differ only

go that the

nn the former, .oo..cccoeessesrnn
And from the Iatter, ...

e 41,707,467 feet.
......... ressanece 41,708,700 o

¢ 1243 feet, or less than } of a mile—
mean or 41,708,088°5 . is in all probability

within a furlong, or one part in 64,000 of the truth.
(25.) From each of the great arcs of Russia and India,
M. Schubert then obtains a separate value of the equa-
torial or the larger axis of the elliptic meridian to which
it belongs; and by a similar treatment of the arc of Peru,
which, lying under the equator, is especially favourable
for the purpose, he obtains a third value of the equa-

torial diameter.

The three

diameters of the equatorial

ellipse thus obtained, with the angles they include at the
centre (which are the differences of longitude of the re-
spective mernidians, and which are as favourably arranged
for the purpose as the nature of the case seems to admit),

suffice for the determination of the major and minor axis
of the equator, regarded as an ellipse, and the longitudes

in which they lie, viz
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444 THE YARD; PERDULUM; AND METRE

in which ) represents the length of the quadrant re-
quired, A that of the polar axis, = the circumference of
a circle whose diameter 15 1, and m, one fourth pari
of the fraction expressing the ellipticity, or in this
case vy

Executing the calculation the result is...32,813,000 feet.
Substract 10,000,000 metres = 32,808,992

Remain, 6Xcess....ixsuassassn 4,008

for the excess of the true quadrant over that assumed
as the basis of the metrical system, that is to say, one
8194 aliquot part of the whole, or one 208th of an inch
on the whole metre, which is therefore the quantity by
which the French standard is actually too shert.

(28.) It must not be denied that this is a very wonder-
ful approximation, and in the highest degree creditable
to the science, skill, and devotion of the French astrono-
mers and geometricians who carried on their operations
under every difficulty, and at the hazard of their lives in
the midst of the greatest political convulsion of modemn
nes.  And adopted as it is over a large portion of
Europe ; were the question an open one what standard a
new nation, unprovided with one, unfettered by usages

of any sort, and in the absence of any knowledge
of the existence of the British yard, should select ; there
could be no hesitation as to its adoption (with that very

slight correction above pointed out—which would in no

the circumseribed circle internally, The circumfierence of this small
circle is the difference between those of the ellipse and of the larger
or circumscribing circle.

il - - -
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=

from opur si
tion).

(20.) Let us see then how this part of the matter stands.
Taking the polar axis of the earth as the best unit of
dimension which the terrestrial spheroid affords (a
better @ priori unit® than that of the metrical system) we
have seen that it consists of 41,708,088 imperial feet—
ich, reduced to inches, is 500,497,056 imperial inches.
Now this differs only by 2944 inches, or by 82 yards
from 500,500,000 (five hundred million and five hundred
thousand) such inches—and this would be the whole error
on a length of 8cco miles which would arise from the
adoption of this precise round number of inches for its
length, or from making the inch, so defined, our funda-
mental unit of length. Suppose, then, that any length

e. (I say nothing at present of decimaliza-

ki

were proposed in English measure, and we desire to
know what decimal fraction such length were of the
earth’s axis. We have on it in inches and
decimals, and from the number so stated take off its
thousandth part (a calculation involving only the writing
down the number twice over, removing the figures of the

y to expre:

n Quesneville' s Monitenr Scientifigue, No. 163, . 736,
ferirey measures ought to be Dased on the eircamfer-
and not on its axi—by reason that the decimal
livision, if earried eut, would apply to the decimal
ant—adiding that ** the greatest advantage
1 system is in reality its decimal division"—but for-
t the decimal division of the quadrant was intro-
ance, but soer abandoncd by common consent even i
1 can never be reintroduced.  In the ** Mondas™ (Suppl
38, p. 6106) the same argument is advanced, and the same answer
applies.
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THE YARD, PENDULUM, AND METRE.

very speedily followed both in America and Russia, so
soon as the reason of the thing and the trifling amount
of the change came to be understood. And even with-
ation the relation between the proposed new or
geometrical measure and the imperial ones is so simple
and striking— fixing itself so easily in the memory, and the
conversion from one to the other so ready, that, mere
there ne cther reasom, it might almost be questioned
whether it would be worth while to make the change.
{31.) But there i another reason, and I think a decisive
one, Hitherto I have said nothing about our weights

out leg

and measures of capacity. Now, as they stand at pre-
nt nothing can be more clumsy and awkward than the

numerical connexion between these and our unit of

A grain is defined as the weight of distilled

water, 5o that 252'724 of such grains at the freezing
temperature, or 252°46 at that of 62° Fahr. which is the
standard temperature of our imperial yard, shall fill a
cubic inch. Of such grains, so defined, the pound con-
tains jooo, the ounce 4374, and the gallon of water at
62", 7o,000. According to this system, the cubic foot of
water at our standard temperature weighs 997°145 oz,
falling short of 1000 oz. by very nearly 3 oz. However
tempting this approximation might appear, still, in the
absence of any more cogent reason, the commissioners
who recommended our system of weights and measures
legalized in 1824 forbore to recommend such a change
in the ounce (about 1} grain) as would have brought it
about ; though the rule that a cubic foot of water weighs
rooo gunces is still handed down as a rough and ready

b e
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450 THE YARD, PENDULUM, AND METRE.

cimalized denominations which anybody might agree to
buy, sell, or contract by, permissive. There seems to be
a doubt whether such is now the case, and if so the law
should I think be altered, ButT would leave untouched
all our present denominations and their relations to the
standard—and the only new measure I would legalize
would be a “module” (or some other name af present uwh-
oecupiedy of 5o geometrical inches being the ten millionth
of the polar axis, or its half, the “geometrical cubit® of
25 such inches—leaving its use quite voluntary.

NOOD, Sepd. 30, 1863

CoLLI?

ADDENDUM.

(33.) Since the foregoing remarks were written my
attention has been called by the Astronomer Royal to
a very elaborate memoir by Captain Clarke, in vol
xxix. of the Memoirs of the Royal Astronomical Society,
whose conclusions, though differing from those of M.
ubert in some particulars (as in making the equator
more elliptic) yet, so far as the present subject is con-
cerned, tend in the same direction, and that, as regards
he aliquot error of the metre, even more strongly.

(34.) Captain Clarke assigns for the three axes of the

values ::

earth the following

Polar axis. 41,707,530 feet.
O in inches
Longer equatorial axis. 41,852,070 feet.

Shorter  do.  douen 4L 842,354 0

500,490, 432. .

=

.
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XL

ON ATOMS.*

%1 sing of atoms."—Refected Addresses.

DiaLocuE.—Hermogenes et Hermione intedoguuntur,

= LR MIONE—What strange people those
Nl Greeks were? 1 was reading this morning
out Democritus, *who first taught the
doctrine of atoms and a vacuum.” Isuppose

at there is such a thing as utterly

st have meant
npty space, and that here and there, scattered through
ings called atoms, like dustin the air. But then
I thought, *What ase these atomsf * for if this be true,

e are all the world, and the rest is—nothing!

nes—Yes. ‘That is the natural conclusion:
there be something that does not need space
in; or unless there be #kings that are not mate-

* From the Fostmightly Revicm.
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454 ON ATOMS.

taught it to him. Nay, there is an older authority still,
in the personage (as near to an abstraction as a tradi-
tional human being can be) Moschus (not he of the
Idyls). But the fact is that the notion of THE AToM—
the indivisidle, the fhing that has place, being, and power
—is an absolute necessity of the human thinking mind,

and is of all ages and nations. It underlies all our

notions of being, and starts up, ger s¢, whenever we come
to look closely at the intimate objective nature of things,
as much as space and time do in the subjective. You
have dabbled in German metaphysics, and know the
distinction I refer to.

HHermipne.—You don't mean to say that we are nothing
but aToms?—Place! being! power! Why, that is L, it
is you, it is all of us. Nay, nmay. This is going too
fast.

Hermogenes—Perhaps it is.—(Yon have forgot thought,
by-the-by, and will.)—But T am not going to make a
single hop quite so far. We shall divide that into two
or three jumps, and loiter a little in the intermediate
resting-places. But, to go back to your atoms and a
vacuum. What does a vacuum mean 1

Hermione.—Vacuumi Why, emptiness, to be sure!
I mean empty space. Space where no fiingis. 1 am
not so very sure that I can realize that notion. It is
like the abstract idea of a lord mayor that Pope and
Atterbury talk about ; and in getting rid of the saw, the
gold chain and the custard are apt to start up and vindi-
cate their claim to a place in the world of ideas. And
vet T do mean something by empty space. I mean dis-

i = P
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ON ATOMS

unde nd how anything could get out of the way of
anything else.

Hermione.—Do come back to our dear atoms. I loye

T'here is

these atoms: the delicate little creatures!
something so fanciful, so fairy-like about them.
Herm

mean, they obey the laws of their being. They comport

renes.—Well they have their idiosyncrasies. I

themselves according to their primary constitution. They
conform to the fixed rule implanted in them in the in-
stant of their creation. They act and react on each

other according to the rigorously exact, mathematically

determinate relations laid down for them aé initio. They

work out the preconceived scheme of the universe by

their—their——col
Hermione~—Their? Stop, stop ! my dear Hermogenes.

Where will you land us? Obey laws! Do they know

them? Can they remember them? How else can they

obey themi Comport themselves according to their
primary constitution! Well, that:is so far intelligible :
they are as they are, and not as they are not. Conform
to a fixed rule! But then they must be able to apply

Act and react according to

the rule as the case a

oubling at each generation
B man, woman, and child
sht, and one foot square, would
» whole surface of the
ight 3674 times

n sfrafa

¢ of four feet in }
aw colume; having fi
earth a into a plane, and for its h
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458 ON ATO!

simple ones. They involve all the “ ologies " and all the
“ omet

and in these days we know something of
what that implies. Their movements, their interchanges,
their d loves,” their *attractions and repul-
their * correlations,” their what not, are all deter-
on the very instant. There is no hesitation, no
ing, no trial and error. A problem of dynamics

hich would drive Lagrange mad, is solved #nstanter,

vitur ambwiands” A differential equation which,

braically written out, would belt the earth, is inte-
grated in an eye-twinkle ; and all the numerical calcu-
d out in a way to frighten Zerah Colburn,
George Bidder, or Jedediah Buxton. In short, these

lation wor

atoms are most wonderful little creatures,
Lermione—Wonderful indeed! Anyhow, they must
have not only good memories, but astonishing presence
of mind, to be always ready to act, and always # act
without mistake, according to “ the primary laws of their
being,” in every complication that ocecurs.
Hermegenes.—Thou hast said it! This is just the point
I knew you must come to, The preseree of MIND is what
the whole difficulty ; so far, at least, as it brings it
within the sphere of our own consciousness, and into
conformity with our own experience of what aclion is.
We know nothing but as it is coneceivable to us from our

solv

own mental and bodily experience and consciousness.
When we know we act, we are also conscious of will
and effort ; and action without will and effort is to us,
constituted as we are, unrealizable, unknowable, incon-
ceivable.
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XIL

ON THE ORIGIN OF FORCE.*

ght to understand by
the theory of any natural phaznomenon?
This is a question not without its importance
when we are told, as we so frequently are,
that it is useless to inquire into causes: that, in fact,
1ses are to us as though they were not ; seeing that
e can ever attain to is the observation and registry

of constant laws of pheenomenal sequence:—in other

words, that phenomenon succeeds phznomenon, event

event, according to certain rales, which are all we have

any business to m_.:_ ire into.
(2.) It is unfortunate for this doctrine that within the

nge of every individual's momentary experience there

occurs the phenomenon of sofitfon ; and that there are

* From the Fortuizhtly Revicw.
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402 ON THE ORIGIN OF FORCE

the origin of force, we find it connected (possibly by in-
termediate links untraceable by our faculties, but yet
indisputably connected) with volition, and by inevitable
consequence, with mative, with infellect, and with all those
attributes of mind in which—and not in the possession
of arms, legs, brains, and viscera—personality consists.
In limiting thus the domain of physical theory, we keep
on the outside of the apparently interminable discussions
and difficulties as to the origin of the will itself, which
seem to have culminated in some minds in the denial
of volition as a matter of fact, and in the dictum of
Judge Carleton,* that what men term the zwilf, is “ simply
a passive capacity to receive pleasure from whatever
affects us agreeably at the time.”

(3.) It may, however, be said, and indeed there are
not wanting those who appear very much disposed to
say, if not Zofidem wverbis, at least by strong implication,
that the conception of Force itself, as part and parcel of
the systern of the material universe, is superflious and
therefore ill L. ‘They argue thus. All we know of
material phenomena, it is true, resolves itself into the
transference of motion from matter to matter. This,
Now, when

however, may be effected by mere collision.
A strikes B, and motion is thereby communicated from
A to B, why not at once admit this as a sequence # - Why
interpose an unknown agent, or intermedium, Force, as
part of the process? Having come to regard Heat,
Light, Electricity, and the “imponderables” generally,
™

** Prog ngs of the American Philosophical Society,” i

136—Report of Meeting of January 2, 1863
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by 0N THE ORIGIN OF FORCE.

(4.) This simplification (if such it be) of our view of
material action is altogether untenable ; nor will it be
icult, I think (and certainly not superfluous), to show

L
that such an arrangement must of necessity be rapidly
lestructive, and must result in the gradual but
ly dying away of all relative motion, and the redue-
tion of the universe either to a single block of matter
moving uniformly on, for ever, in one direction, without
relative motion of its parts ; or else in the dispersion into

space, and absolute final dissociation of its molecules.
(5.) For, be it observed, force (except in the sense of
bodily .extrusion) being non-existent, our billiard-balls
must of necessity be supposed #ndastic. Elasticity im-
plics force. If this be disallowed,—if elasticity be not
force, but eolfision—each billiard-ball (each ultimate
atom, that is to say) must be itself a universe in miniature
composed of other more minute ones, moving and collid-
ing, fnfer se to give them that resilience which we term

elasticity, but which, in this view of the matter, is nothing

but “clas Now what is to prevent these ultimate

ator

5 of the second order, animated with velocities im-

mense, as compared with their mutual distances, e

by ne mutual atfractions, subject to no control but from

their mutual colli

ions ; from dispersing themselves out

directions into space and abdicating their functions
as a group? If we waive this objection (which, how-
atal) nothing is gained. The original objection
applies in its full force to these sub-atoms, and so on ad'

(6.) Now, in the collision of inelastic bodies, vis wiva
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466 ON THE ORIGIN OF FORCE.

justified, when arguing against it, in assuming all the
results of those laws as established truths: they being,
in effect, the very things which the hypothesis is framed
to account for. The law in question, constituted as the
material universe is, is absolute and universal: and no
view of matter and motion can be a true one which is
incompatible with it.

(8.) The inward pressure of an etherial medium sur-
rounding the sun upon the earth and planets, suggested
by Newton as a mode of escape from the metaphysical
difficulty of attraction at a distance, is either only another
form of the collision theory above combated, or an
evasion of the difficulty by substituting repulsive for
attractive force. If the ether press by its elasticity, be-
sides supposing its particles endowed with the neces-
sary amount of repulsion ; what, it must be asked, but a
repulsion emanating from the sun (and thereby equilibrat-
ing and rendering ineffective its inward pressure) is to
keep it from rushing in on all sides, and destroying that
inequality of density on which its supposed inward pres-
sure depends? Ifnot, its agency must be simply that
of an inert resisting medium, rendering the continued
revolution of the planets round the sun impossible, and
causing them, while it lasts, to rofafe on their axes in a
divection contrary to that of their orbital motion, as a direct
consequence of the more rapid abstraction of motion
from their outer than from their inner hemispheres. The
hypothesis of Le Sage which assumes that every point of
space is penetrated at every fnsiant of fime by material
particles, sui generis, moving in right lines in cvery possible
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468 ON THE ORIGIN OF FORCE

this one and only agent which matter obeys in its changes
of form and situation. We may hesitate about admitting
into the system of created things around us so vast an
amount of additional or extraneous s #¥oa, as the total-
ity of animal exertion since the first introduction of life
upon earth would seem to imply. But this is not neces-
sary. The actual forée necessary to be originated to give
rise to the utmost imaginable exertion of animal power
in any case, may be no greater than is required to re-
move a single material molecule from its place through
a space inconceivably minute—no more in comparison
with the dynamical force disengaged, directly or indirectly,
by the act, than the pull of a hair trigger in comparison
with the force of the mine which it explodes. But without
the power to make somre material disposition, to originate
some movement, or to change, at least temporarily, the
amount of dynamical force appropriate to some one or
more material molecules, the mechanical results of
human or animal volition are inconceivable. It matters
not that we are ignorant of the mode in which this is
performed. It suffices to bring the origination of dyna-
the

mical power, to however small an extent, withi
domain of acknowledged personality.

(10 Itwill perhaps be objected to this, that the prin-
ciple so generally cited, and now so universally recog-
nized as a dominant one in physics—that of the * con-
servation of force "—stands opposed to any, even the
smallest amount of arbitrary change in the total of
“ force " existing in the universe. ‘This principle, so far
as it rests upon any scientific basis as a legitimate conclu-
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ORIGIN OF FORCE.

stratable that the total amount of zis foa in any moving
system abandoned to the mutual reaction of its particles,
while depending at every instant of time, solely for its
magnitude, on the then relative situation of those par-
ticles {or being, in algebraical phrase, a function of their
mutual distances), has a maximum value which it cannot
exceed, and a minimum below which it cannot descend.
Let its state then be what it will, there is sure to be a
certain amount of s zive by which its acfwal falls short
of its extreme possible value ; and to say that the amount
of this deficiency added to the actual present amount
will make up the maximum, is neither more nor less than
a truism : whether expressed in so many words, or by say-
ing that the potential together with the actual energy of
the system is invariable ; or, again, in other words, that
when certain changes have taken place in the relative
situations of the parts of the system, what it has lost in
actual it has gained in potential energy. When in speak-
ing of a mechanical combination we say that what is lost
in time is gained in power, though equally a translation
in ordinary language of a dynamical equation, the terms
used refer to different modes of viewing the expendi-
ture of force. But in the case before us they stand in
their nakedness of similar meaning and convey to the
mind no equivalence available for any purpose of rea-
soning. If, indeed, we could be assured, 4 priors, that the
system is one of simple or compound periodicity in which
a certain lapse of time will restore every molecule to
identically the same relative situation with respect to all
the rest ; we should then be sure that in the nature of
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472 ON THE ORIGIN OF FORCE.

their axes. The latter amount fluctuates to and fro
according to laws easily calculable ; but the former we
have no means whatever of computing, and to what ex-
tent, or within what limits, it may be variable, we are
altogether ignorant.

(rr.} In what is here said, it is by no means intended
to call in question the validity or to underrate the impor-

tance of those remarkable phy:

al investigations which
have resulted in exhibiting heat as one of the forms in
which vis ziza reappears in the apparent destruction of
motion. That all heat consists én molecular tremor (or
circulation), and is therefore accompanied with the
alternate development and disappearance of wir vane
within a limited space and quantity of matter according
to the dynamical k

s of such tremulpus or rotating move-
ments, may very readily be granted. But that there are
no forms of internal melecular movement other than
heat, and what we now speak of as its * correlated
forces ™ in which ©és pive may be temporarily stored up,
to make its appearance ultimately in a form cognizable
to our senses, is what can by no means be so readily ad-
mitted. Nor (while accepting with all due admiration
as approximate truths these great revelations as to the
mutual convertibility of these correlatives according to
the measure of vis siva appropriate to each) shall we
advance any nearer to a rational theory of any one of
them, till it shall be shown with much more distinet-
than at present appears, in what these molecular
movements themselves consist; by what forces (in the
dynamical acceptation of the term) they are controlled ;
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OX THE ORIGIN OF FORCE.

which regulate the movements of inanimate matter, or,
in other words, gizing rise fo movements which would not
result from the action of those laws uninterfered with ;
and therefore implying, on the very same principle, the
ation of force. The first and greatest question
1 Philosophy has to resolve in its attempts to make
a Kosmos,—to bring the whole of the phenomena
exhibited in these three domains of existence under the
contemplation of the mind as a- congruous whole,—is,

origin
whi

ou

of a rudimentary joint followed in slow succession after centuries

litary improvement, by the others, up to the perfect member,
npleteness.  The change in the sorking-glan
been carried out at once, by a systematic
ftment of blood-vessels and nerves into effective connexions
th the centres of nutritive, mechanical, and sensitive action in the
frame, as if by some preconceived arrangement. [Since this was
written I have been informed of two or three instances of super-
flucus #hamds. They were imperfectly formed, not movable, and
s far might be considered rudimentary.]

In direct refevence to this point I would call the reader’s atten-
i g passage in the Croonian Lecture for 186z,
the Royal Society by Prof. Deale, where, alter
* phienomena occur in the simplest form of living
ch never have been, and which,” he believes, ** never
netd upon any known physical or chemical laws "—he

ris not a machine, nor does it act upon the prin-
, nor i3 force conditioned in itasitis ina machine,
in it been explained by physics,
which take place in its composition liy chemistry,
in living matter are peculiar, diff: ing
y other known pheenomena ; and therefore, until we can ex-
1 them, they may well be distinguished by the term witel,  Not
itest step has yet been made towards the production of
matter possessing the properties which distinguish living matter from
matler in every other known state."—Proceatings of the Kopal
Seciely, xiv., p. 282, No. 72,

Ments Gccurr
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XIIL

ON THE ABSORPTION OF LIGHT BY
COLOURED MEDIA,

VIEWED IN CONNEXION WITH THE UNDULATORY J..-.-WDW;-..&

a branch of physical optics which has only
since a comparatively recent epoch been
studied with that degree of attention which
its importance merits. ‘The speculations of Newton on
the colours of natural bodies, however ingenious and
elegant, can hardly, in the present state of our know-
ledge, be regarded as more than a premature general-
ization ; and they have had the natural effect of such
generalizations, when specious in themselves and sup-

ported by a weight of authority admitting for the time.
of no appeal, in repressing curiosity, by rendering further
inquiry apparently superfluous, and turning attention

* The gubst : of this paper was read before the Section of
cs of the British Association, at Cambridge, 1833. Some in-
accuracies of wording are corrected, but nothing émfrodiced bear-
ing on the views more recently entertained as to the conversion of
motion into deaf-vifration,
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478 ©N THE ABS50RPTION OF LIGHT

described the phanomena in appropriate terms, it will
be evident that a certain difficulty must attach to their
reduction under the dominion of amy theory, however
competent, ultimately, to render a true account of them.
Where such evidence of complication and suddenness
of transition subsists on the face of any large assemblage
of facts, we are not to expect that the mere mention of
a few general propositions, like cabalistic words, shall
all at once dissipate the complication, and render the
whole plain and intelligible. If we represent the total
intensity of light, in any point of a partially-absorbed
spectrum, by the ordinate of a curve whose abscissa in-
dicates the place of the ray in order of refrangibility, it
will be evident, from the enormous number of maxima
and minima it admits, and from the sudden starts and
frequent annihilations of its value through considerable
amplitudes of its abscissa, that its equation, if reducible
at all to analytical expression, must be of a singular and
CI ....uu

ex nature ; and must at all events involve a great
number of arbitrary eonstants dependent on the relation
of the medium to light, as well as transcendents of a
high and intricate order. We must not, therefore, set
it down to the fault of either of the two rival theories if
we do not at once perceive how such phanomena are
to be reconciled to the one or to the other; but rather
endeavour to satisfy ourselves whether there be, in the
first instance, anything in the phznomena, generally
considered, repugnant either to sound dynamical prin-
ciples, or to the notions which those theories respectively
involve as fundamental features.
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THE ABSORPTION OF LIGHT

afiorded by the undulatory theory of light is simple and
distinct. The question, “What becomes of light?”
merges in the more general one, “What becomes of
motion1” And the answer, on dynamical principles, is,
that it continues for ever. No motion is, strictly speak-
ing, annihilated ; but it may be divided, and the divided
parts made to oppose and, in point of ultimate effect,
counteract each other. A body struck, however perfectly
elastic, vibrates for a time, and then appears to sink into
its original repose. But this apparent rest (even abstract-
ing from the inquiry that part of the motion which may
¢ conveyed away by the ambient air), is nothing else than
a state of subdivided and mutually-compensating motion,
in which every molecule continues to be agitated by an
indefinite multitude of internally-reflected waves, propa-
gated through it in every possible direction, from every
point in its surface on which they successively impinge.
The superposition of such waves will, it is easily seen, at
length operate their mutual counteraction, which will be

the more complete, the more irregular the figure of the
body and the greater the number of internal reflections.
{5.) In the case of a body perfectly elastic and of a
perfectly regular figure, the internal reflection of a wave
once propagated within it in some particular direction
might go on for ever without producing mutual destruc-
tion ; and in sonorous bodies of a highly elastic nature
we do in fact perceive it to continue for a very long time.
But the least deviation from perfect elasticity resolves our

conception of the vibrating mass into that of a multitude

of inharmonious systems communicating with each other.
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482 ON THE ABSORFTION OF LIGHT {

in a medium consisting of loosely-aggregated earth inter-
mixed with much air, the hollow sounds which are often
attributed to the reverberation of subterrannean cavities,

and in particular the celebrated instance of this kind of "
sound heard at the Solfaterra near Pozzuoli. The dull i
and ill-defined sound thus produced from a succession of 1
partial echoes is there assimilated to the nebulous light 8
which illuminates a milky medium when a strong beam #
is intromitted. If we suppose, now, such a mass of o
materials insulated from communication with the exter- o
nal air by some sound-tight envelope, these partial echoes, a
when they reach the surface in any direction, will be all -
sent back again as so many fresh impulses, till at length ul
it will become impossible to assign a point within the i
mass which will not be agitated at one and the same _
moment by undulations traversing it in every possible __H
phase and direction. Now the state of a molecule, un- :

der the influence of an infinite number of contradictory |
impulses thus superposed, 1s undistinguishable from a
state of rest.

{8.) The only difficulty, then, which remains in the
application of the undulatory theory to the absorptive :
phenomena, is to conceive how a medium (4., a combin- '
ation of wthereal and gross® molecules) can be constituted |
50 a5 to he transparent, or freely permeable to one ray
or system of undulations, and opake, or difficultly per-

B

-4

iferous mther,

ence to the lum
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ON THE

ABSORFPTION OF LIGHT

shall (like A B) bisect the angle between the branches.
The branches, however, arc of unequal length, the one
B C D being longer than the other, by a quantity equal
to half the length of the undulation or pulse of the musi-
cal note in question. It is evident, then, that if that
note be sounded at A, each pulse will subdivide itself at
B #, and the divided portions will run on along the two
branches with equal intensities till they reunite at D ot
They will arrive there, however, in opposite phases, and
will therefore counteract each other at their point of re-
union, and in every point of their subsequent course
along the pipe D E; so that on applying the earat E
no sound should be heard, or at best a very feeble one,

ig from some slight inequality in the intensities

wherewith the undulations arrive by the longer and

shorter pipe—a difference which may be made to dis-

r, by giving the longer a trifle larger area for its

section.®

(10.) Suppose now that the pipes instead of being
cylindrical were square, and that the whole surface of
one side of a chamber were occupied with the orifices
A of such pipes, leaving enly such intervals as might be
necessary to give room for their due support, and for

to observe, that 1 have not made the r.n_..ni_:qa” de-
I aware that it has ever been made ; but
it to succeed, and would furnish an apt
terference.  Instead of &

scribed in the text, ne
it is easy to see that it o

illustration of the principle of

EnC

pipe, al of water might be used, in which waves
of & certain breadih, excited by some mechanical contrivance at one
end, w not be propagated beyond the point of reunion, D, of

the twa canals into which the main channel, A B, was divided.

B B 8

W
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486 ON THE ABSORPTION OF LIGHT

fasten with sealing-wax, on one of them one, and on the
other two, disks of card (all equal in size), on the funer
surfaces, having the plane of the card perpendicular to
that of a section of the fork through the axes of both its
bran The cards on that fork which has two, should
have their surfaces about a tenth of an inch asunder, and
their centres just opposite ; and the other fork should be
brought into unison with it by loading its undisked
ch with additional wax, equal in weight to the disk
and w

x on the other, Now strike the forks, and a re-
markable difference will be perceived in the intensity of
their sounds. The fork with one disk will utter a clear
and loud sound, while that of the other will be dull and
stified, and hardly audible, unless held close to the ear.
The reason of this difference is that the opposite branches
of the fork are always in opposite states of motion, and
that in consequence the air is agitated by either the two
branches vibrating frecly, or by both loaded with equal
with nearly equal and opposite impulses ; whereas
in'the case of a fork furnished with only one disk, a
greater command of the ambient medium‘is n.:d: to the
branch carrying it, and a much larger portion of uncount-
eracted motion is propagated into the air. Here, then, we
have a case in which a vibrating system in full activity
is rendered, by a peculiarity of structutre, incapable of
sending forth its undulations with efiect into the sur-
rounding medium ; while the very same mass of matter,
wibrating with the same intensity, but more favourably dis-
posed as to the arrangement of its parts, labours under
no such disability.

i
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458 ON THE ABSORPTION OF LIGHT

fork. Here, then, we have a case analogous to the easy
transmission of a ray of definite colour, accompanied with
its gradual extinction, in traversing a considerable thick-
ness of the absorbing medium. If we would avoid the
actual contact of the vibrating systems, we may conceive
an arrangement like that here depicted, where, in place
of forks, straight bars, disked at both ends and supported
at their centres, are used to form the vibrating series.

(13.) When two disked tuning forks slightly out of
unison are opposed to each other, the vibrations of one
are still communicated to the other, even when they differ
sufficiently to produce audible and pretty rapid beats
But the communication in this case is less complete, and
the sound produced feebler, than in that of perfect uni-
son, and the degrac

ion of intensity in the communi-
cated sound is very rapid as the forks recede from
unison. We have here a fact analogous to the appear-
ance of a bright line in the spectrum situated between
dark spaces, and as it is not difficult to imagine com-
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ABSORPTION OF LIGHT

alone would utter, the resonance of its tone is feeble, and
beyond a cert

1 interval becomes inaudible,

(15.) The dynamical principle on which these and
similar phanomena depend is that of * forced vibrations,®

as it is stated

the Essay on Sound above referred to,
; in a more recent publication (Cab.
Cyclop., volume on Astronomy), in terms as follow:
“If one part of any system, connected either by material
ties or by the mutual attractions of its members, be con-
tinually main

Or, more gener:

ied by any cause, whether inherent in
the constitution of the system or external to it, in a state
of regular peri

motion, that motion will be propa-
gated throughout the whole system, and will give rise in
every member of it, and in every part of each member,
to periodic movements, executed in equal periods with
that to which they owe their origin, though not neces-
sarily sywehronouws with them in their maxima and mini-
ma” The general demonstration of this as a dynamical
theorem is given in the Essay on Sound already referred
to, and its applicability to the transmission of light
through material bodies is indicated in a note thereto
appended.

(16.) The mode, then, in which we may conceive the
transmission of light through gross media to be per-
formed, so as to bring the absorptive pheenomena within
the wording of this principle, is, to regard such media

as consisting of innumerable distinct vibrating parcels

of molecules, each of which parcels, with the portion of
the luminiferous wther included within it (with which it

is connected, perhaps, by some ties of a more intimate

e |
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492 ON THE ABSORPTION OF LIGHT

to suppose the luminiferous molecules of gross bodies
to be identical with their ultimate chemical atoms. I
should rather incline to consider them as minute groups,
each composed of innumerable such atoms; and it
may be that in what are called uncrystallized media,
the axes or lines of symmetry of these groups may have
no particular direction, or rather all possible directions,
or the groups themselves may be unsymmetrical. Such
a disposition of things would correspond with 2 uniform
law of absorption, independent of the direction of the
transmitted ray; while in erystallized media a uniformity
of constitution and position of these elementary groups,
or rather of the cells or other combinations which they
may be regarded as forming with the interfused wther,
may be readily supposed to draw with it differences in
their mode of vibration, and even different disposals of
their nodal lines and surfaces, according to the different
directions in which undulations may traverse them : and
which may not impossibly be found to render an account
of the change of tint of such media according to the
direction of the rays in their interior, as well as of the
different tints and intensities of their oppositely polar-
ized pencils; of which latter class of phznomena,
however, I shall immediately have occasion to speak
further.

(18.) But as my present object is merely to throw out,
as a subject for examination, a hint of a possible explana-
tion of the phznomena of abserption, on the undulatory
theory, I shall not now pursue its application into any
detail, nor attempt the further development of particular
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able of being transmitted with any considerable intensity
to even moderate distances. This strikes me as ob-
viously analogous to the ready transmissibi ty of a ray
polarized in one certain direction, through a tourmaline
or other absorbing doubly-refracting crystal, while the
ppositely-polarized ray (whose vibrations are rectangu-
lar to those of the first) is rapidly absorbed and stifled,

persed, by the agency of the colouring matter
which acts the part of the air in Mr Wheatstone's experi-
ment, and selfneutralized by the opposition of its sub-
divided portions as ahove explained.

SvouaH, Ocfober 19, 1833,
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496 ON THE ESTIMATION OF

ing to the statement given by myself in my review
of M. Quetelet’s work on Probabilities,® to run as fol-
lows:—In the gold (out of oo hits), to7; in the red
nnulus, 106 ; in the blue, ror; in the black, 97; and
in the white, 89; supposing the target (terminating with
the white) to receive half the entire number (1000 of
arrows discharged ; w

h in the case observed was
not far from the truth. Whereas by the actual record
of that day's shooting, handed to me afterwards, the
proportional numb ng to a total of o0
hits were :—Gold, 31; red, 8g; blue, 121; black, 140;
white, r1g. is discordance with observation, being
nc?nn::_:::_:nnooam:.d..,_ n:._.__._n_:,nu__ﬁ

5 COrrespon

v f

far too g

whele number of arrows discharged on the day in ques-
tion being upw

I ds of 7ooa), led me, of course, to
e the reasoning on which the first expectation
wded.  And so enlightened, T was at no
cover its fallacy,—affording, as it does, a good
[ the necessity of close attention to the word-
reasonings on questions of probability. It
was, in fact, tr

IC-

loss to «

1
example

able to the wording of a preposition
ectly t

and, as applied to the case where it was

t uiry, correctly applicable, viz.
Il dropped from a given height, with the
it shall fall on a given mark. Fall as it
i om the mark #s error; and the prob-
y of that error . . .. decreases in geometrical

OUNEr (¢

¥3 from
Longman, 1857,
1 Lssays, &c, &c

iburgh and Quarterly Reviews, &e., &e
Le]

398, 300.
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498 OGN THE ESTIMATION OF

Denoting by a the radius of the circular area with-
in which his skill would, en the average of an im-
mense number of shots, enable him to plant half the
total number discharged; and by M the fraction ex-
pres the probability in question, certainty being ex-
1, we shall have

pre

rt

= (3)

while for A the probability of Aifting the same area
we have
H=1—af

(3.) From these expressions, knowing the value of a,
which is the inverse measure of the skill of the shooter
(being less the greater that skill), it is easy to calculate
chance of hitting a circle of any given radius in a
single shot. And, reversing the question, his skill
i Ly H = ai

(measured by the fraction 7) may be ascertained, by

&

observing what percentage of shots he can plant, on a
large average, from a given distance, within a circle of
any given radius (r). For that percentage being the
numerical expression of his probability of hitting the
circle, or the value of &, or 1—M, AF is known, and a

will be given by the formula.

Thus, if a marksman be observed to plant g per
cent. of his arrows within a circle of ene foot in
diameter at the distance of one hundred yards, we have
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ESTIMATION

ON OF

THE

1 arises from the element of fusk mixing itself in the
; it does the more, the fewer the shots

cot

aetition.

ill the sole determining power, but on the average of
ous numbers, such as, for instance, ten or
arged by each marksman,
Every shooter, of course, aims to the hest of his ability,
h a view to hit the centre of the gold ;
vable that, having that intention, there
ist in any individual such specialty of aiming

nd arrows di

1 disperse his shots, failing the gold, so asto
lly (say) the blue, rather than the red
ring on one side of it and the black on the other.

() T

bers of 1

ke preferen

4
' per 1ooo shots, which may be expected
ir on a calculation from our formule, within the

he following table shows the respective num-

to oo
several colou

ed areas of the five equidistant rings (con-
ring the central gold as the first ring) into which an

get is divided. Considering its diameter as
to ten equal parts, the outside diameters of
rs will be respectively 2, 4, 6, 8, 1o; their rad
I, 2, 3; 4» 5; and the areas of their containing circles;
proportion of the squares of these numbers, 1,

areas of the several coloured

4, 9, 16, 25,~—s50 that t
1 the progression 1, 3, 5 7: 9« The usual
ccords to hits in any of
tom the white inwards), values in the propor-
es the probability of hitting
to be in the ‘'simple proportion of the area struck (as

would be the case were the shooting entirely at random),

on, then, which

tion of the

nbers ; assu

B




ut satpoui gh jo 1a8iey € uo ‘sasstm Sha‘gef pue fsiip 21m
6fz°gor Yo rgEtit o sa1 aq A(pesauad
uEd yoiga) juidsin 219w v uryy 2SnED IS0 IWoS woj
IM[EA papIEmE a1 ajquedwosur st §10Ys 3 JO
Pa0221 3yl v sauo arel atow yonm Lpaneieduod
[ [IE 19A19p 10U PIP 131001S SY3 1B}

(M ut sased Ggr Suipnpaxa pue { uoiu

remdn oy ¢ ATIDA[[0> ‘sunoue paaaAlfap

§10U5 JO IDQUINU JYJ, "SMOLIE JO sIdqunu payads g
pue ‘saouelsip pagmads woxy ‘smojod 23 Jo yoEa uf
1oadwos yaea £q apew sy 1) PIoJAL yaga | oSgr
yin Supuammod ‘siead aA1ss300ns wadyy Joj ‘sezud
Jo spreme pue ‘sisip 398y neyy gy Bunsapy LRY0Iy
[euoneN pueis) oyl je 2onoexd ap jo suodax [enu
-ue JO SIUIS I YA paInoAr) uaaq aawy T ‘aamoead
i f1oany sty Supedwos jo ssodind ayy 100 (9)

TEF
+

o

CRE LR

— ::._.0:..—.5 peq pue ?c_om Jjo SIMWALIND )

S UayE) 2 A jEgM pojaur JO;.&. u_.m:__m T JO 213U
ayp woy iomd apqeqord iy pamiay ag Leur jEgM o
‘p {muenb a3 Jo 9pqel SR Ul ASURL JYT, SIYSITWIP
poppueizsa o5 ‘“Anpqeqoxd ayy st asEaIDUT 0} JUAW YY) pUE

ONILOOHS-LIDAVL MI TTIIHAS




ON THE ESTIMATION OF

meter, which gives 4°8 in. for the unit of our &. This
gives as a general average, 644 misses per 1oco shots;
and therefore were the distances all alike, or for an
AVET:

e distance of 8o yards, would correspond to a
value of @ in our table, of very nearly 64, or to a mean
probable deviation of a single shot, of 30'4 in.; the

total number of competitors being zo75 (reckoning the
1¢ individual appearing in several lists as so many
nct competitors), shooting at 430 targets. As the
causes ol

near deviation may be considered as increas-
ing proportionally to the distance, and as in fixing the
average distance as above at 8o yards, (strictly 79°1,) the

number of

arrows discharged at each distance is taken
into account ; this may be regarded as a fair estimate of
our national proficiency in archery, and as comparable,
statement, with what may be obtained

at a future period, or in other countries.

e terms of

(7.) In deducing the results embodied in the follow-
ing tables, the numbers of 1

s made by all the shooters
at each target in its several colours were summed
separately. The results so obtained for all the targets

for each ¢ of shooters, and for each distance, in

! each year of the series, were then grouped together and
ummed, and the fifteen szts of annual sums so ob-

s tained, united into general sums, as exhibited below in
. Table II., to shorten which it is to be borne in mind
that of the lady competitors, 853 in number, cach de-

livered 96 arrows at Go yards, and 48 at 50;* and the

the year 1850 the arrows delivered by each lady were only

72 and 36 at the same distances.
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ON THE ESTIMATION

|

(9.) Although the general agreement of the results in
each horizontal line of this table is quite sufficient to
afford a highly satisfactory verification of the theory,
it is impossible not to be struck with the uniform
and steady increase (though small) in the value of a
in proceeding from the gold outwards. There occurs
not throughout the whole table a single instance in
W

ich this progres

ve dilatation is not maintained. For
this there must be a reason; and the only rational
acco this: Were the
shooters infinite, including (indifferently) every
gradation of skill,

absolu

it of it, so far as I can perceive,

mber of

om absolute random shooting up to
certain

ing the point aimed at: the
bination would be one from which in-

would be entirely eliminated ; and the

ribution of the hits would be regulated purely and
mply by the éutention of hitting the centre. The skilf
in that case (on which the value of a depends) would be
the average skill of the whole human race ; and the value

-

.

q
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sob ON THE ESTIMATION OF

(r0.) The same principles apply of course equally to
rifle-shooting as to archery, provided the target aimed at
be circular. If rectangular, and especially if an elon-
gated rectangle, the same formule will not apply ; and
the appropriate formule would be necessarily much more
complex and their results proporticnably more difficult
of calculation. This is a strong argument for the use
of circular targets : for, though for the mere decision of
the order of merit in a distribution of prizes almost any
impartial rule, rough and readily applicable, may suffice,
the same cannot be said when the object is to obtain a
true numerical measure of the national skill in the use
of that

great weapon: for which purpose it is highly
lesirable that the' data afforded by our rifle prize meet-
ings should be preserved, collected, and reduced syste-
ically.

NOTE.

on of the formula in §(2.) and (3.)

heir commission) is proportional to
n £ being used to denote th

f to 7 so that the probability of plant
where an fhe civesim
z :

r & shot some-
rele is measured by r. E (—krf),
re the probability of making a hit anywhere within fits
area is proportional to frdr. £ (—k»?) taken between the limits
@ and . Representir nty therefore by 1; this probability

(which we have denoted by 4 in the foregoing pages) will be ex-
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