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THE FORMS OF WATER

IN

CLOUDS AND RIVERS, ICE AND GLACIERS,

BY

JOHN TYNDALL, LL.D., F.R.S,

PROFESSOR OF NATURAL PHILCSCFHY IN THE ROYAT, INSTITUTION, LONDON.

WITH NINETEEN ILLUSTRATIONS DRAWN UNDER THE DIRECTION
OF THE AUTHOR.

PREFACE TO THE FOURTH EDITION.

AT ameeting of the Managers of the Royal
Institution held on December 12th, 1825,
‘* the Committee appointed to consider what
lectures should be delivered in the Institu-
tion in the next session,’’ reported *‘ that they
had consulted Mr. Faraday on the subject of
engaging him to take a part in the juvenile
Jectures proposed to be given during the
Christmas and Easter recesses, and they
found his avocations were such that it
would be exceedingly inconvenient for him
to engage in such lectures.”’

At a general monthly meeting of the mem-
bers of the Royal Institution, held on De-
cember 4th, 1826, the Managers reported
‘“ that they had engaged Mr. Wallis to deliver
a course of lectures on Astronomy, adapted
to a juvenile auditory, during the Christmas
vacation.”””

In a report dated April 16th, 1827, the

Joard of Visitors express *‘ their satisfaction

at finding that the plan of juvenile courses
of lectures has been resorted to. 'They feel
sure that the influence ot the Institution can-
bot be extended too far, and the system of
nstructing the younger portion of the com-
munity is one of the most effective means
which the Institution possesses for the diffu-
son of science.”’

Faraday’s holding aloof was but tempo-

%y, for at Christmas, 1827, we find him

giving a ** Course of Six Elementary Lectures
on Chemistry, adapted tc a Juvenile Audi-
tory.’’*

The Easter lectures were soon abandoned ;
but from the date here referred to to the pres-
ent time the Christmas lectures have been a
marked feature of the Royal Institution.

In 1871it fell to my lot to give one of these
courses. I had been frequently invited to
write on Glaciers in encyclopadias, journals,
and magazines, but had always declined to
do so. I had also abstained from making
them the subject of a course of lectures,
wishing to take no advantage of my position
here, and indeed to avoid writing a line or
uttering a sentence on the subject for which
1 could not be held personally responsible.
In view of the discussions which the subject
had provoked, I thought this the fajrest
course.

But, in 1871, the time (I imagined) had
come, when, without risk of offence, I might
tell our young people something about the
labors of those who had unravelled for their
instruction the various problems of the ice-
world. My lamented friend and ever-helpful
counselior, Dr. Bence Jones, thought the
subject a good one, and accordingly it was
chosen. Stroug in my sympathy with youth,
and remembering the damage done by defee-
tive exposition to my own young mind, 1
sought, to the best of my ability, to confer
upon these lectures clearness, thoroughness,

.
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and life.

Wishing, moreover, to render them of per-
manent vatlue, I wrote out copious Notes of
the course, and had them distributed among
the boys-and girls. In preparing thesc Notes
I aimed at nothing less thar: presenting to my
youthful audience, in a concentrated but
perfectly digestible form, every essential
poict embraced in the literature of the gla-
ciers, and some things in addition, which,
derived as they were from my own recent
researches, no beok previously published on
the stbject contained. :

But my theory of education agrees with
tnss f Emerson. according to which instruc-
tien is orly half the battle, what he cails
prococation being the other half, By this he
means that power of the teacher, through
the force of his character and the vitality of
his thought, to bring out all the latent
strength of his pupil, and to invest with in-
terest even tlie driest matters of detail. In
the present instance I was determined to
shirk nothing essential, however dry ; and,
to keep my mind alive to the requirements
of my pupil, I proposed a series of ideal
rambies, in which he should be always at my
side. Oddly enough, though I wus here
dealing with what might be called the ab-
stract idea of a boy, I realized his prescnce
so fully as to entertain for him, before our
excursions cnded, an affection cousciously
warm and real.

The Notes here referred to were at first
intended for the use of my audience: alone,
At the urgent request of a friend I slightly
expanded themn, and converted them into the
little book here presented to the reader.

The amount of attention bestowed upon
the volume induces me to give this brief
history of its origin.

A German critic, whom I have no reason
to regard as specially favorable to me or it,
makes the following remark on the style of
the book : ‘¢ This pussion [for the mountains]
tempts him to reveal more of his Alpine
wanderings than is necessary for his demon-
strations. The reader, however, will not
find this a disagrecable interruption of the
course of thought; for the book thercby
gains wonderfully in vividness.” This, I
would say, was the express aim of the breaks
referred to. 1 desired to keep my companion
fresh, as well as instructed, and these inter-
Tuptions were so many breathing-places
waere the intellectual tension was purposely
relaxed and the mind of tne pupil braced to
fresh action.

Qf other criticisms, flattering and other-
wise, I forbear to speak. As regards some
of them, indeed, it woild Le a reproach to
that ‘manliness which I have sought to en-
courage in my pupil to return blow for blow.
if the reader be acquainted with them, this
will let him know how I.regard them ; and
if he be not acquainted with them, I woulil
recommend him to ignore them, and to form
his own judgment of this bonk. No fair-
minded person who reads it will dream that
L, in writing it, had thought of acting other-

.
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wise than justly and generously towsrd nzy
predecessors, the last of whom, to the grief
of all who knew him, has recently passed

away. Jonx TyNDALL.
Apriw, 1874,

§ 1. Croups, RAINS, AND RIVERS.

1. EvERY oceurrence in Nature is preceded
by otner occurrences which are its causes,
and sncceeded by others which are its effects.
The human mind is not satisfied with olbserv.
ing and studying any natural oecurrence
alone, but takes pleasure in connecting cvery
natural faect with what has gone hefore it
and with what is to come after it.

2. Thus, when we enter upon the study of
rivers and glaciers, our interest will be great-
ly augmented by taking into account not
only their actual appcarances, but also their
causes and effects.

3. Let us teace a river to its source, De-
ginning where it empties jtself into the sea,
and following it backward, we tind it from
time to time joined by tributaries which
swell its waters. The river of course be-
conies smaller as these tributaries e passed.
It shrinks first to a brook, then to a stream X
this aguin divides itself into a number of
smaller streamlets, ending in mere threads of
water. 'Thesc constitute the source of th:
river, and are usually found among hills.

4. Thus the Severn has its source in the
Welsh Mountains ; the Thames in the Cots-
wold Hills ; the Danube in the Lills of the
Black Forest ; the Rhine and the Rhove in
the Alps; the Ganges in the ilimalaya
Mountains ; the Euplirates near Mouut Ara
rat ; the Garonne in the Pyrenees ; the Elbe
in the Giant Mountains of Bohewsa; the
Missouri in the Rocky Mountains, and the
Amazon in the Andes of Peru,

5. But it is quite plain that we have not
yet reached the real beginning of the 1ivers.
‘Whence do the ecarliest streams derive their
water ? A brief residence amoug the moun-
tains would prove to you that they are fed
by rains. In dry weather you would find
the streams feeble, sometimea indeed quite
dried up. In wet weather vex would see
them foaming torrents. In general these
strecams lose themselves as little threads of
water upon the hill-sides ; but scmetimes you
may trace a river to a definite spring. The
river Albula in Switzerland, for instance,
rushes at its origin in considerable volume
from a mountain-side. But you very soon
assure yourself that such springs ure also fe:l
by rain, which has percolated through the
rocks or 8oil, and which, through some ori-
fice that it has found or formed, comes to the
light of day.

6. But we cannot end here. Whenee
comes the rain which forms the mountain
streams? Observation enables you to an-
swer the question. Rain does not come from
a clear sky. It comes from clouds. But
what are clouds ? Is there nothing you are
acquainted with which they resemble? Yon
discover at once a likeness between them and
the condensed steam of a locomotive. At



every paff of the engine a clond is projected
into the air. 'Wateh the cloud sharply : you
notiee that it first forms at a little distance
from the top of the funnel. Give close at-
tention and you will sometimes see a per-
feetly clear spaee between the funnel and the
cloud. Through that clear space the thing
which malkes the cloud must pass. What,
then, is this thing whieh at one moment is
transparent and invisible, and at the next
moment visible as a dense opaque cloud ?

7. Jtis the steam or vapor of water from
the boiler. Within the boiler this steam is
transparent and invisible ; but to keep it in
this invisible state a heat would be required
as great as that within the boiler.  'When the
vapor mingles with the'cold air above the Lot
funnel it ceases to be vapor. Tvery bit of
steam shrinks, when chilled, to a much more
minute particle of water. The liquid parti-
cles thus produced form a kind of water-dust
of exceeding fineness, which floats in the air,
and is called a cloud.

8. Watch the eloud-banner from the fun-
nel of a running locomotive; you see it
crawing gradually less dense. It finally
melts away altogether, and if you coatinue
your observations you will not fail to notice
that the speed of its disappearaunce depends
upon the charaeter of the day. In hnumid
weather the cloud hangs long and lazily in
the air; in dry weather it is rapidly licked
up. What has become of it? It has been
reconverted into true invisible vapor,

9. The drier the air, and the Zotter the air,
the greater is the amount of cloud whieh
can be thus dissolved in 1t.  When the cloud
first forms, its quantity is far greater than the
air is able to maintain in an invisible state.
But as the cloud mixes gradually with a
larger mass of air it is more and more dis-
solved, and finally passes aliogether from the
coundition of a finely-divided liquid into that
of transparent vapor or gas,

10. Make the Iid of a kettle air-tight, and
permit the steamn to issue from the pipe; a
cloud is preeipitated in all respects similar to
that issuing from the funuel of the locomo-
tive, :

11. Permit the steam as it issues from the
pipe to pass through the flame of a spirit-
lamp, the cloud is instantly dissolved by the
Leat, and is not again precipitated. With a
special boiler and a special nozzle the exper-
inient may be made more striking, but not
mare instructive, than with the kettle.

12. Look to your bedroom windows when
the weather is very cold outside ; they some-
times stream with water derived from the
eondensation of the aqueous vapor from your
own lungs. The windows of railway car-
riages in winter show this eondensation in g
striking ranner.  Pour cold water into a dry
drinking-glass on a summer’s day : the out-
tlle surface of the glass beeomes instantly
dimmed by the precipitation of moisture,
On a warm day you notice no vapor in front
of your mouth, but on a eold day you form
there a little ¢loud derived from the conden-
sation of the aqueous vaper from the luvgs.
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13. You may notice in a ball-room that as
long as the door and windows are kept
elosed, and the room remains hot, the air re-
mains clear ; but when the doors or windows
are opened a dimness is visible, eaused by
the preeipitation to fog of the aqueous vapor
of the ball-room. If the weather be intensely
cold the entrance of fresh air may even eanse
snow to fall. This has been observed in Rus-
sian ball-rooms ; and also in the sublerranean
stables at Erzeroom, when the doors are
opened and the cold morning air is permitted
to enter.

14. Even on the driest day this vapor is
never absent from our atmosphere. The
vapor diffused thiough the air of this room
may be congealed to hoar frost in your pres-
ence. This is done by filling a vessel with a
mixture of peunded ice and salt, which is
colder than the ice itself, and which, there-
fore, eondeuses and freezes the agueous
vapor. The surface of the vessel is tinally
coated with a frozen fur, so thick that it may
be scrzped away and formed into a snow-
buall. :

15. To produce the cloud, in the ecase of
the locomotive and the ketile, Leat is neces-
sary. By heating the walcr we first convert
it into steam. and then, by chilling the steam
we convert it into clowl.  Is there any fire in
nature whieh produces the clouds of our at-
mosphere ? There is: the fire of the sun.

16. Thus, by tracing backward, without
any break in the chiain of occurrences, our
river fromu its end 1o its rial beginnings, we
come &t length to the sun.

g2

17. There are, however, rivers which have
sources somewhat different from those just
mentioned. They do not begin by driblets
on a hill-side, nor can they be traced to a
spring. Go, for exampie, to the mouth of
the river Rhone, and trace it backward to
Lyons, where it turns to the cast.  Bending
round by Chambery, you eome at length to
the Lake of Geneva, from which the 1iver
rushes, and which you might be disposed o
regard as the source of the Rhone. But go
to the head of 1he kike, and you find that
the Rhone there entets it, that the lake is
in fact a kind of expansion of the 1iver.
Follow this upward ; you find it joimed by
smaller rivers from the mountains right and
left. Pass these, and push your jourzey
higher still. You eome at length to a huge
mass of ice—the cad of a glacier—which fills

the Rhone valley, and from the botiomn of the

glacier the river rushes In the glacier of
the Rhone you thus find the souice ot the
river Rhone.

18. But again we have not reached the real
beginning of the river. You soon convince
yourself that this earliest water of the Rhone
is produced by the melting of the ice. You
get upon the glacier and walk upward along
it. After a time the ice disappears and you
come upon snow. If yon are a competent
mountaineer you may go to the very top of
this great snow-field, and if you cross the top
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and descend at the other side you finally qutt
the snow, anid get upon unother glacier called
the Trift, from the end of which rushes a
river smaller than the Rhone,

19. You soon learn that the mountain
snow feeds the glacier. By some means or
other the snow-is converted into ice, But
whence comes the snow ? Like the rain, it
comes frosi the clouds, which, as before, can
be traced to vapor raised by the sun. With-
out solar fire we could have no atmospheric
vapor, withont vapor no clouds, without
clouds no snow, and without snow no gla.
ciers. Curious then asthe conclusion may be,
the cold ice of the Alps has its origin in the
heat of the sun.

§ 3. Tue WAVES or LiGHT.

20. But what is the sun? We know its
size and its weight. We also know that it
is a globe of fire far hotter than any fire
upon earth. But we now enter upon another
inquiry. \We have to learn definitely what is
the meaning of sclar light and solar heat ; in
what way they make themselves known to
our senses ; by what means they get from
the sun to. the carth, and how, when there,
they produce the clouds of our atmosphere,
and thus originate our rivers and our glaciers,

21. If in a dark room you close your eyes

and press the eyelid with your finger-nail, a, !

circle of light will be seen opposite to the
point pressed, while a sharp blow upon the
eye produces the impression of a flash of
light. There is a nerve specially devoted to
the purposes of vision which comes from the
brain to the back of the eye, and there di-
vides into fine filaments, which are woven
together to a kind of screen called the retina.
The retina can be excited in various ways so ;
28 to produce the consciousness of light ; it
mey, as we have seen, be excited by the rude
mcchianical action of a blow imparted to the
cye.

22. There is no sponiancous creation of
light by the healthy eye. To excite vision
the reilua must be affected by something
coming from without. What is that some-
thing? In some way or other, luminous
hodies have the power of affecting the retina
—but Low ?

23. It was long supposed that from such
bodies issued, with inconceivable rapidity, an
inconceivably fine matter, which flew
through space, passed through the pores sup-
posed to exist in the humors of the eye,
reached the retina behind, and by their shock
.i»guinst the retina, aroused the sensation of
ight.

24. This theory, which was supported by
the greatest men, among others by Sir Isaac
Newton, was found competent to explain a
great' number of the phenomena of iight, but
it was not found competent to explain all the
phenomena.  As the skill and knowledge of
cxperimenters increased, large classes of facts
were revealed which could only be explained
by assuming that light was produced, not by
a fine matter flying through space and hitting
the retina, but by the shock of minute waves

-and propagated.
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against the retina. .

23. Dip your finger into a basin of water,
and cause it to quiver rapidly to and fro.
From the point of disturbance issue smali
ripples which are carried forward by the
water, and which finaliy strixe the basin.
Here, in the vibrating tinger, you have a
source of agitation ; in the water you have a
vehicle through which the finger’s motion is
transmitted, and you have finally the side of
the basin which receives the shock of the
little waves.

26. In like manner, according to the wave
theory of light, you have a source of agitation
in the vibrating atoms, or smallest particles,
of the lnminous body ; you have a vehicle of
transmission in a substance which is sup-
posed to fill all space, and to he diffused
through the humors of the eye ; and finally,
you have the retina, which receives the suc-
cessive shocks of the waves, These shocks
are supposed to producc the sensation of light.

27. We are here dealing, for the most part,
with suppositions and assumptions merely.
‘We have never seen the atoms of a luminous
body, nor their motions. We have never
seen the medium which transmits therr

.motions, nor the waves of that medium.

How, then, do we come to assume their ex-
istence ?

28. Before such an idea could have taken
any real rootin the Luman mind, it mnst Lave
been well disciplined and prepared by obser-
vations and calculations of ordinary wave-
motion. It was necessary to know how both
water-waves and sound-waves are formerl
1t was above all thingy
necessary o know how  waves, passing
through the same medium, act upon cach
other. ‘Thus disciplined, the mind was pre-

ared to detect any resemblance presenting
itself between the action of light and that of
waves, Great classes of optical phenomena
accordingly appeared which could be ac-
counted for in the most complete and satis-
factory manner by assuming them to he pro-
duced by waves, and which could not be
otherwise accounted for. 1t is because of its
competence to explain all the phenomena of
light that the wave theory now receives uni.
versal acceptance on the part of scientifie
men,

Let me use an iliustration, We infer from
the flint implements recently found in such
profusion all over England and in other
countries, that they were produced by men,
and also that the Pyramids of Egypt were
built by men, because, as far as our expe-
rience goes, nothing but men could form such
implements or build such Pyramids. In like
manner, we infer from the phenomena of
Jight the agency of waves, because, as far as
our experience goes, no other agency coukl
produce the phenomena.

§ 4. Tae Waves oF IEAT WIIICII PRODUCE
THE VAPOR OF OUR ATMOSPHERE AND
MELT OUR (GLACIERS.

29. Thus, in a general way,1 have given
you the conception and the grounds of tho



IN CLOUDS AND RIVERS, ICE AND GLLACIERS.

1

Fia. 1.—CLOUD-BANNER OF THE AIGUILLE DU DRU (par. 54 and 227).

eonception, which regards light 45 the pro-
duct of wave-motion ; but we must go far-
ther than this, and follow the conception intg
some of its details. We have all seen the
waves of water, and we know they arc of
different sizes—different in length and difTer-
ent in height. When, therefore, you are told
that the atoms of the sun, and of almost )l
other luminous bodies, vibrate at differers
rates, and produce waves of different sizes,
your experience of water-waves will enable
you to form a tolerably clear notion of what
18 meant.

30. As observed ahove, we have never seen
the light-waves, but we judge of their pres-
ence, their position, and their magnitude, by
their effects. Their lengths have been thus
determined, and found to vary from about
J0000th t0 g5lusth of an inch,

31. But besides those which produce light,
the sun sends forth incessantly a multitude
of waves which produce no light. Tha
largest waves which the sun sends forth arc
of this non-luminous character, though tacy
possess the highest heating power.

32. A common sunbeam contains waves of
all kinds, but it is possibic to siff or filter the
beam so as to intercept all its light, and to
allow its obseure heat to pass unimpeded.
For substances have been discovered which,
while intensely opaque to the light-waves,
are almost perfectly transparent to the others.
On the other hand, it is possible, by the
choice of proper substauces, to intercept in a
great degree the pure heat-waves, and to
allow the pure light-waves free transmission.
This last separation is, however, not so per-
fect as the first.
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33. We shall learn presently how to detach
the one elass of waves from the other class,
and to prove that waves competent to light a
fire, fuse metal, or burn the hand like a hot
solid, may exist in a perfectly dark place.

34, Supposing, then, that we withdraw, in
the first instance, the large heat-waves, and
allow the light-waves alone to pass. Thess
may be concentrated by suitable lenses and
sent into water without sensibly warming it.
Let the light-waves now be withdrawn, and
the larger heat-waves concentrated in the
same manner , they may be caused to boil
the water almost instantaneously.

35. This is the point to which I wished to
ead you, and which without due preparatioz
could not be understood. You now per-
ceive the important part played Dby these
large darkness-waves, if I may use the term,
in the work of evaporation. When they
plunge into seas, lakes, and rivers, they are
intercepted close to the surface, and they
heat the water at the surface, chus causing
it to evaporate ; the light-waves at the same
time entering to great depths without sensibly
heating the water through which they pass.
Not only, therefore, is it the sun’s fire which
sroduces evaporation, but a particular con-
stituent of that fire, the existence of which
you probably were not aware of.

36. Further, it is these sclf-same lightless
waves which, falling upon the glacicrs of
the Alps, melt the ice and procduce all the
rivers flowing from the glaciers ; foe I shall
prove to you presently that the light-waves,
even when concentrated to the uttermost, are
unable to melt the most delicate hoar-lrost ;
much less would they be able to produce ths
copious liquefaction observed upon the gla
ciers.

87. Thesc large lightless waves of the sun,
as well as the heat-waves issuing 1 v non-
Juminous hot bodies,” are frequently cziled
obscure or invisible heat.

We have here an example of the menner
in which phenomena, apparently remnte, are
connccted together in this wenderful system
of things that we call Nature. You cannot
study a snow-flake profoundly without being
led back by it step by step to the constitution
of the sun. It is thus throughout Nature,
All its parts are interdependent, and the
study of any one part completely would really
mvolve the study of all

§ 5. EXPERIMENTS TO PROVE "[IE FORE-
GOING STATEMENTS.

38 lleat issuing from any source not visi-
bly red cannot be concentrated so as to pro-
duee the intense effects just referred to. To
produce these it is necessary to employ the
obscure heat of a body raised to the highest
possible state of incandescence. The sun is
such a hody, and its dark heat is thercfore
suitable for experiments of this nature.

39. But in the atmosphere of London, and
for experiments such as ours, the heat-waves
emitted by coke raised to intense whiteness
by a current of electricity are much more
manageable than the sun’s waves. The eclec
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tric light has also the advauwage that 3is dark
radiation embraces a larger proportion of the
total radiation than the dark heat of the sun.
In fact, the force ot energy, if 1 may use the
term, of the datk waves of the electrie light
is fully seven times that of-its light waves.
The eleetric light, therefore, shall he cm-
ployed in our experitnental demonstrations.

40. . From this source a powerful beam i3
sent through the-room, revealing its track by
the motes floating in the air of the room ; for
were the motes entirely absent the beam
would be unscen. It falls upon a concave
mirror (a glass one silvered behind will an-
swer) and is gathered up by the mirror into
a cone of refiected rays ; the laminous apex
of the cone, which is the focus of the mirror,
being about fifteen inches distant from its
reflecting smiface.  Let us mark thé focus
accurately by a pointer.

41, And now let us place in the path of
the beam a substance perfectly opague te
light. This substance is jodine dissolved in
a liquid called bisulphide of carbon. The
light st the focus instantly vanishes when
the dark solution is introduced. But the so
lution i3 intensely transparent io the dark
waves, and o foeus of such waves remains in
the air of the room after the light has been
abolished. You may feel the heat of these
waves with your hand ; youw may let them
fall upon ‘a *acrmometer, ant thus prove
their presenc2; or, lest of all, you may
eause them to prodnce a current of electric-
ity, which Ceflects a large magnetic needle.
The magnis e of the detlection is a measure
of the heat

42, Om s)yjeet now is, by the use of a
more power.al lamp, and a better mirror (one
silvered in front and with a shorter focal dis-
tence), to intensify the action here rendered
so sensible.  As before, the focus is rendered
strikingly visible by the intense illumination
of the dust particles.  We will first filter the
beam so as 1o intercept its dark waves, and
then permit the purely lumnous waves 10
exert their utmost power on a small bundle
of gun-cotton placed at the focus.

43, No cffect whatever i3 produced. The
gun-cotton might remuin there for a week
without ignition  Let us now permit the
unfiltered beam to act upon the cotton. Lt
is instantly dissipated in an cxplosive flash.
This experiment proves that the light-waves
are incompetent (o explode the ecotton, while
thz waves of the full beam are compelent to
do so : hence we may conclude that the dark
waves are the real agents in‘the explosion.

44. Dut this eonclusion would Dbe ouly
probable ; for it might be urged that the
miviure of the dark waves and the light waves
is necessary to produce the result. Let us then,
by means of our opague solution, 1solate our
dark waves and converge them on the cotton.
1t explodes as before,

45. Ilence it is the dark waves, and they
only, that are concerned in the ignition of
the eotton.

46. At the same dark focus sheets of plati-
rnm are rased to vivid redness; zine is



IN CLOUDS AND RIVERS, iCE AND GLACIERS

purned up ; paper instantly blazes , magne-,
sium wire i ignited ; charcoal witlin a re
ceiver coataining oxygen is set burning : a
diamond similarly placed is caused to glow
Jike a star, being afterward gradually dissi-
pated. And all this while the air at the fo-
~us remains as cool as in any other part of
the room. :

47. To obtain the light-waves we employ
a clear solution of alum in water; to obtain
the dark waves we employ the solution of
iodine ahove referred to.  But as before
stated (32), the aluui is not so perfect a filter
as the iodine ; for it cransmits a portion of
the obscure her &

48. Though the light-waves here prove
their incompetence to ignite gun-cotton, the
are able to burn up black paper ; or, indeed,
to explode the cotton when it is blackened.
The white cottor does not absorb the light,
and without absorption we have no heating.
The biackened cotton absorbs, is heated, and
explodes. i

49. Instead of a solution of alum, we will
employ for our next experiment a cell of pure
water, through which the light passes with-
out sensible absorption. At -the focus is
placed a test-tube also containing water, the
full force of the light being concentrated
upon it. The water is not sensibly warmed
by the concentrated waves. We now re-
move the cell of water ; no change is visible
in the Yeam, but the water contained in the
test-tube now boils. ]

50. The light-waves being thus proved in-
offectual, and the full beam effectuai, we may
infer that it is the dark waves that do the work
of heating.  But we clinch our inferenee by
employing our opaque iodine filter. Placing
it on the path of the beam, the light is en-
tirely stopped, but the water boils exactly as
it did when the full beam fell upon it. -

51. The truth of the statement made in
paragraph 34 is thus demonstrated. ;

52. And now with regard to the mclting cf
ice. On the surface of a flask containing a
freezing mixture we obtain a thick fur of hoar-
frost (Par. 14). Sending the beam througi
a water-cell, its luminous waves zre concen-
trated upon the surface of tns fias’s, Notsa
spicula, of the frost is dissolved. e now
remove the water-cell, and: in a mument s
patch of the frozen fur asiarge as half-a-crown
is melted. Hence, inasmuch as the full beam
produces this effect, and the luminous part
of the beam does not prodluce it, we fix upon
the dark portion the melting of the frost.

53. As before, we clinch this inference by
concentrating the dark waves alone upon the
flask. The frost is dissipated exactly as it
was by the full beam., i

54. These effects are rendered strikingly
visible by darkening with ink the freezing
wmixtire within the flask, When the hoar-
frost is removed, the blackness of the surface
from which it had been melted comes out in
strong cop ~ st with the adjacent suowy
‘widteness.  #hen the flask itself, instead of
the treezing niixturoe, is blackened, the purely
luminous waves being ahsorbed by the glass,
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warm it ; the glass reacts upon the frost and
melts it. Hence the wisdom of datkening,
instead of the flask itself, the mixture within
the flask.

55. This experiment proves to demonstra-
tion the statement in paragraph 36 : that it
is the dark waves of the sun that melt the
mountain snow and ice, and origicate all the
rivers derived from glaciers. ~

There ate writers who seem to regard
science as an aggregate of facts, and hence
doubt its eflicacy as an exercise of the rea-
soning powers, But all that I have here
taught you is the result of reason, taking its
stand, however, upon the sure basis of ob-
servation and experiment. And this is the
spirit in which owr further studies are to be
pursued. X

§ 0. OcEANIC DISTILLATION.

56. The sun, you know, is never exactly
overhead in" England. But at the ¢quator,
and within certain limits north and south of
it; the sun at certain periods of the year is
directly overhead at noon.  These limits are
called the Tropics of Cancer and of Capri-
corn. Upon the belt comprised between
these two circles the sun’s rays fall with their
mightiest power ; for here thiey shoot directly
downward, and heat both earth and sea more
than when they strike slantingly,

57. When the vertical sunbeams strike the-
land they heat it, and the air in contact with
the hot soil becomies heated in turn. But
when heated the air expands, and when it
expands it becomes lighter. This lighter air-
rises, like wood plunged into water, through
the heavier air overhead.

68. When the sunbeams fall upon the seg
the water is warmed, though not so much as.
the land. The warmed water expands, be-.
comes thereby lighter, and therefore continues.
to float upon the top. This upper layer of-
water warms to some extent the air in contact
with it, but it also sends up a quantity of
agueous vapor which, being far lighter than.
air, helps the latter to rise.  Thus both from
the Jand and from the sea we have ascending-
currents established by the action of the sun.

59. Wien they reach a certain elevation in.
the atmosphere, these currents divide and
flow, part toward the north and part toward,
the south ; wwhiie from the north and the south
a flow ot heavier and colder air scts in to.
supply the place of the ascending warm air.

60. Incessant circulation is thus estabhished
in'the atmosphere. The equatorial air and
vapor flow above toward the north and
south poles, while the ‘polar air flows below
toward the equator. The two currents of
air thus established are called the upper and
the lower trade-winds.

61. But before the air returns from the
poles great changes have occurred. For the
air as it quitted the equatorial regions was
laden with aqueous vapor, which could nnt
sabsist in the cold polar regions. 1t is there
precipitated, falling sometimes as rain, or
more commonly as snow, The land near the
pole is covered with this snow, which gives
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birth to vast glaciers in a manner hereafter to
be explained.

62. It is necessary that you should have a
perfectly clear view of this process, for great
mistakes have been made regarding the man-
ner in which glaciers are related to the heat
of the sun. .

63. It was supposed tnat if the sun’s heat
were diminished, greater glaciers than those
now cxisting would be produced. But the
lessening of the sun’s heat would infallibly
diminish the quantity of aqueous vapor, and
thus cut off the glaciers at their source. A
brief illustration will complete your knowl-
cdge here.

64. In the process of ordinary distillation,
the liquid to be distilled is heated and con-
verted into vapor in one vessel, and chilled
and reconverted into liquid In another. What
has just been stated renders it plain that the
earth anl its atmosphere constitute a vast
distilling apparatus in which the-equatorial
ocean plays the part of the boiler, and the
chill regions of the poles the part of the con-
denser. In this process of distillation lea?
plays quite as necessary a part as cold, and
before Bishop Heber could speak of ‘‘ Green-
land’s icy mountains,’”’ the equatorial ocean
had to be warmed by the sun. We shall
have more 1o say upon this question after-
ward.

ILLUSTRATIVE EXPERIMENTS.

35. I have said that when heated, air ex-
pands. If you wish to verify this for your-
self, proceed thus. Take an empty flask,
stop it by a cork ; pass through the cork a
narrow glass tube. By lheating the tube in
a spirit-lamp you can bend it downward, so
that when the flask is standing upright the
open end of the narrow tube may dip into
water. Now cause the flame of your spirit-
lamp to play against the flask, The flamz
heats the glass, the glass heats the air ; the
air expands, is driven through the narrow
tabe, and issues in a storm of bubbles from
the water.

66. Were the heated air unconfined, it woull
rise in the heavier cold air. Allow a sun-
beam or any other intense light to fall upon
a white wall or screen in a dark room. Bring
a heated poker, a candle, or a gas-flame un-
derneath the beam. An ascending current
rises from the heated body through the beam,
and the action of the air upon the light is
such as to render the wreathing and waving
of the current strikingly visible upon the
screen. When the air is hot enough, anl
therefore light enough, if entrapped in a
paper bag it carries the bag upward, and
you have the fire halloon.

67. Fold two sheets of paper into two
cones, and suspend them with their closed
points upward from the end of a delicate
balance. See that the cones balance each
other. Then place for a moment the flame
of a spirit-lamp beneath the open base of one
of them ; the hot air ascends from the lamp
and instantly tosses upward the cone above it.

68. Into an inverted glass shade introduce
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a little smoke. Let the air come to rest. anl
then simply place your hand at the open
mouth of the shade. Mimic hurricanes are
produced by the air warmed by the hand,
which are strikingly visible when the smoks
is {lluminated by a strong light.

69. The heating of the tropical air by the
sun is¢ndirect. "Thesolar beams have scarce-
ly any power to heat the air through which
they pass ; but they heat the land and ocean,
and these communicate their licat to the air
in contact with them. The air and vapor
start upward charged with the heat thus
commuunicuted. .

& 7. TrROPICAL RAINS.

70. But long before the air and vapor from.
the equator reach the poles, precipitation
occurs. Wherever a humid warm wind
mixes with a ccld dry one, rain falls, 1n-
deed the heaviest rains occur at those places
where the sun is vertically overhead. We
must inquire a little more closely into their
origin.

71. Fill a bladder about two thirds full of
air at the sea-level, and take it to the summit
of Mont Blane. As you aseend, the bladder
becomes more and more distended ; at the
top of the mountain it is fully distended, and
has evidently to bear a pressure from within.
Returning to the sea.level you find that the
tightness disappears, the bladder finally ap-
pearing as flaccid as at first.

72. The reason is plain. At the sea-levei
the air within the bladder has to bear the
pressure of the whole atmosplere, being
thereby squeezed into a comparatively smali
volume. In ascending the mountain, you
leave more and more of the atmosphere be-
hind ; the pressure biecomes less und less,
and by its expansive force the air within the
bladder swells as the outside pressure is di-
minished. At the top of the mountain the
expansion is quite sufficient to render the
bladder tight, the pressure within being then
actually greater than the pressure without.
By means of an air-pump we can show the
expansion of a balloon partly filled with air,
when the external pressure has been in part
removed.

78. But why do I dwell upon this? Sim-
ply to make piain to you that the unconfined
air, heated at the earth’s surface, and as-
cending by its lightness, must expand more
and more the higher it rises in the atmos-
phere.

74. And new I have to introduce to you a
new fact, toward the statement of which 1
have been working for some time. It is
this : Z%e uscending air is chilled by ils expan-
sion. Indeed this chilling is one source of
the coldness of the higher atfospheric re-
gions. And now fix your eye upon those
mixed currents of air and aqueous vapor
which rise from the warm tropical ocean.
They start with plenty of heat to preserve
the vapor as vapor; but as they rise they
come into regions already chilled, and they are
still further chilled by their own expansrilt‘)lx:.

]
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Joad of vapor is in great part precipitated,
dense clouds are formed, their particles coa-
lesce to rain-drops, which descend daily in
gushes so profuse that the word ‘‘ torren-
tial >’ is used to express the copiousness of
the rainfall. I eould show you this chilling
by expansion, and also the consequent pre-
cipitation of clouds. y

75, Thus long hefore the air from the
equator reaches the poles, its vapor is in
great part removed from it, having rede
scended to the earth as rain. Sull a good
quantity of the vapor is carried forward,
which yields fail, rain, and snow in noirthern
and southern lands.

ILLUSTRATIVE EXPERIMENTS.

76. I have said that the air ischilled during
its expansion. Prove this, if you like, thus.
With a condensing syringe, you can force air
into an iron box furnished with a stopcock,
to which the syringe is serewed. Do so till
the density of the air within the hox is
doubled or trebled. Immediately after this
condensation, both the box and the air within
it are warm, and can be proved to be so by
a proper thermometer. Simply turn the cock
and allow the compressed air to stream into
the atmosphere. The current, if allowed to
strike a thermometer, visibly chills it; and
with other instruments the ¢hill may Lte
made more cvident still. Even the hand
feels the chill of the expanding air.

77. Throw a strong light, a concentrated
sunbeam for example, across the issuing cur-
rent ; if the compressed air be owdinary
humid air, you sec the precipitation of a little
cloud by the chill accompanying the expan-
sion. This cloud-formation may, hawever,
be better illustrated in the following way :

78. In a darkened room send a strong
beam of light thirough a glass tube (hree fect
long and three inches wide, stopped at its
ends by glass plates. Conncct the tube by
means of a stopcock with a vessel of about
one fourth its capacity, from which the air
ltas been removed by an air-pump. The ex-
hansted cylinder of the pump itself will an-
swer ecapitally. TFill the glass tube with
humid air ; then simply turn on the stopcock
which connects it with the exhausted vessel.
Having more room the air expands, cold ac-
companies the expansion, and, as a conse-
quence, a dense and brilliant cloud imme-
diately fills the tube, If the expeiriment be
made for yourself aione, you may see the
cloud in ordinary daylight ; indeed, the brisk
exhaustion of any receiver filled with humid
air is known to produce this condensation.

79. Other vapors than that of water may
be thus precipitated, some of them yielding
clouds of intense brilliancy, and displaying
iridescences, such as are sometimes, but not
frequently, seen in the clouds floating over
the Alps.

80. In science, what is true for the small is
true for the large. Thus by combining the
conditions observed on a large scale in
nalure we obtain on a small scule the vhe-
nomena of atmospheric clouds.

N

§ 8. MoUNTAIN CONDENSERS,

81. To complete our view of the process of
atmospheric precipitation we must take into
account the action of mountains. Imagine
a south-west wind blowing across the At-
lantic toward Ireland. In its passage it
charges itself with aqueous vapor. In the
south of Ireland it encounters the mountains
of Kerry: the highest of these is Magilli-
cuddy’s Reeks, ncar Killarney., Now the
lowest stratura of this Atlantic wind is that
which is most fully charged with vapor.
‘When it encounters the base of the Kerry
mountains it is tilled up and flows bodily
over them. Its load of vapor is therefore
cairied to a lheight, it expands on reaching
the height, it is chilled in consequence of the
expansion, and comes down in copious show-
ers of rain. From this, in fact, arises the
luxuriant vegetation of Killainey ; to thisg,
indeed, the lakes owe their water supply.
The eold crests of the mountains also aid in
the work of condensation.

82. Note the conmsequence. There is a
town called Cahirciveen, to the south-west of
Magillicuddy's Reeks, at which observations
of the mainfall have been made, and a good
distance farther to the north-east, right in
the course of the south-west wind, there is
another town, called Pottarlington, at which
observations of rainfall have also been made.
But before the wind reaches the latter station
it ias passed over thie mountains of Kerry
and left a great portion of its moisture be-
hiral it.  'What is the result? At Cahirci-
veen, a3 shown by Dr. Lloyd, the rainfall
amounts to 59 inches in a year, while at
Portarlington it is only 21 inches.

83. Again, you may sometimes descend
from tue Alps, when the fall of rain and
snow is heavy and incessant, into Italy, and
find the sky over the rlains of Lombardy
blue and cloudless, the wind at the same
time blowing over the plain toward the Alps.
Below the wind is hot enough to keep its
vapor in a perfectly transparent state ; but it
meets the mountains, is tilted up, expanded,
and chilled. The cold of the higher summits
also helps the chill. The consequence is that
the vapor is precipitated as rain or snow,
thus producing bad weather upon the
heights, while the plains below, flooded with
the same air, enjoy the aspect of the un-
elouded summer sun. Clouds blowing from
the Alps are also sémetimes dissolved over
the plains of Lombardy.

84. In connection with the formation of
clouds by mountains, one particularly in-
structive effect may be here noticed. You
frequently see a streamer of cloud many
hundred yards in length drawn out from an
Alpine peak. 1ts steadiness appears perfect,
though a strong wind may be blowing at'the
same time over th2 mountain-head. Why is
the cloud not blown away? It blowp
away ; its permanence is qnly apparent. At
one end it is incessantly dissolved, at the
other end it is incessantly renewed : supply
and consumption being thus cqualized, the
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cloud appears as changeless as the mountain
to which it scems to cling. When the red
sun of the evening shines. upon these cloud-
streamers they 1esembie vast torches with
their flames blown through the air.

£ 9. ARCHITECTURE OF SKOW.

835. We now resemble persons who have
climbed a difficult peak, and thereby ecarned
the enjoyment of a wide prospect. ~ Having
made ourselves masters bf the conditions
necessary to the production of mountain
snow, we are able to take a comprehensive
and intelligent view of the phenomena of
glaciers.

86. A few worids are still necessary as to
the formation of snow. The molecules and
atoms of all substances, when alléwed free
play, build themselves into definite and, for
the most pait, beautiful forms called ecrvs-
tals. Iron. copper, gold, silver, lead, sulphur,
when melted and permitted to cool gradually,
all show this crystullizing power. ‘The metal
bismuth shows it in a particularly stiiking
neinner, and when properly fused and solidi.
fied, self-built crystals of great size and
beauty are formed of this metal.

£7. 1f you dissolve saltpetre in water, and
£ow the solution to evaporate slowly, you
may oblain large crystals, for no portion of
thie salt is converted into vapor. The water
of our atmosphere is fresh, though it is de-
1ived from the salt sea.  Sagar dissolved in
water, and peimilled to evaporate, yields
crystais of sugar-candy. Alum 1cadily erys-
tallizes in the same way. Flints dissolved,
as they sometimes are in nature, and perinit-
ted to crystallize, yield the prisms and pyra-
inids of rock crystal. Chalk dissolved and
crystallized yields Iccland spar. The dia-
mond is crystailized carbon. All our pre.
cious stones, the ruby, sapphire, beryl, topaz
emerald, are all examples of this crystallizing
power.

88. You have heard of the force of gravi-
tation; and you know that it cousists of an
eitraction of every particle of matter for
every other particle.  You know that plan-
ets and moons are held in their crbits by this
attraction. But gravitation is & very simple
affair compared to the foree, or rather forces,
of crystallization. Tor hcre the ultimate
particles of matter,” inconceivably small as
they are, show themselves possessed of at-
tractive and repellen  poles, by the mutual
sction of which the shape and structuie ot
tiie erystal are determired.  1n the soiid cen-
dition the attracting poles are rigidly locked
together ; but if sufficient heat be apolied the
bond of union is dissolved, and in the state
of fusion the poles are pushed so far asunder
as to be practically out of each other’s range,
The natural tendency cof the molecules to
build themselves togethier is thus neutralized.

89. This is the case with water, which as a
liguid is to a1} appearance formless. When
sufliciently cooled the molecules are brought
within the play of the crystallizing force,
aud they ther ~ange themselves in forms of
irriescribabie wvoa. When snow is pro-
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duced in ecalin air, the icy particles Luild
themsclves into beautiful stellar shapes, cach
star possessing six rays. There is no devia-
tion from this type, though in other respects
the appearances of the snow stars are infi-
nitely various. In the polar regions these ex-
quisite forms were observed by Dr. Scores-
by, who gave numerous drawings of them.
Ihave observed them in midwinter filling the
air, and loading the slopes of the Alps. DBut
in England they are also to be seen, and no
words of mine could convey so vivid an im-
pression of their heauty as the annexed draw-
ings of a few of them, cxecuted at Green-
wich by Mr. Glaisher.

90. 1t is worth pausing to think what won-
derful work is going on in the atmosphere
during the formation and descent of every
snow-shower:  what buildibg power s
brought into play ! and how imperfcet secmn
the productions of human minds and hands
when compared with those formed by the
Llind forces of nature !

91. But who ventures to call the forces of
nature blind? In reality, wihen we speak
thus we are desciibing our own condition.
The blindness is ours; and what we really
ought to say, and to confess, is that cur
powers are absolutely unable to comprehend
either the origin or the end of the operations
of nature.

92. But while we thus acknowledge ou-
limits, there is also reason for wonder at the
extent to which science has mastered the
system of nature. From age to age, wnd
from generation {0 generation, fact has becn
added to fact, and law to law, the true mcth-
od and order of the Universe being thereby
more and more revealed. In doing this sei-
crice has encountered and overthrown vaiiGus
forms of superstition and deceit, of eredulity
and imposture. But the world continually
produces weak persons and wicked persons ;
and as long as they continue to exist side by
side, as they do in this our day, very debus-
ing belicfs will also continue to infest the
world.

§ 10. Atomic PoLES.

93. *“ What did I mean when, a few mo.
ents ago (88), 1 spoke of attracting and re-
pellent poles?”” Let me try to answer thiy
question.  You know that astronomers ansl
geographers speak of the earth’s poles, an.
you bave also heard of magnetic poles, the
poies of 2 magnet being the points at which
the attraction and repulsion of the magni
are as it were concentrates.

94. Every magnet possesses two sueh
poles ; and if iron filings be scattered over a
magnet, each particle becomes atso endowedl
with two poles. Snppose such particles de-
void of weight and tloating in eur atmos
phere, what must occur when they come
near each otler? Manifestly the repellent
poles will retreat from each other, while the
attractive poles will approach and finally lock
themselves together.  And supposing the
particles, instead of a single pair, to possess
several pairs of poles arranged at definite
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Fia. 2. —SNow CRYSTALS.

points over their surfaces ; you can then pic-
ture them, in obedicnce to their mutual at-
tractions and repulsions, building themselves
together to form masses of definite shape and
structure.

95. Imagine the molecules of water in
calm cold air to be gifted with poles of this
deseription, which compel the particles to lay
themselves together in a definite order, and
yeu have before your mind’s eye the unseen
architecture which finally produces the visi--

ble and beautiful crystals of the sow.
Thus our first notions and conceyioss of
poles are obtained from the sight ol var eyes
in looking at the effects of magnetism ; and
we then transfer these notions and concep-
tions to particles which no eye has ever
seen. The power by which we thus picture
to ourselves effects beyond the range of the
senses is what philosophers call the Imagina-
tion, and in the effort of the mind to seize
upon the unseen architecture of crystals, we



94 TuL FORMS
#ave an example of the * scientific use” of
this  faculty.  Without imagination we
might have erilical power, but not creative
vower, in science.

8 11. Arcurrecture oF Laxo Icm.

96. We have thus made ourselves acquaint-
~d with the beautiful snow-flowers sclf-con-
structed by the molecules of water in calm
cold air. Do the molecules show this archi-
tectural power when ordinmy water is
frozen ? What, for example, is the structure
of the ice over which we skate in winter?
Quite as wonderful as the flowess of the
snow., 'The observation is rare, if not new,
but T have seen in water slowly freezing six-
vayed ice-stars formed, and fluating free on
the surface. A six-rayed star, moieover, 13
typical of the construction of all our lake ice.
It is built up of such forms wonderfally in-
terlaced.

97. Take a slab of lake ice and place it in
the path of a concentrated sunbzam.  Watch
the track of the beam through the ice. Tart
of the beam is stopped, pait of it goes
through ; the former produces intelnal
tiquefaction, the Jatter has no ciftet what-
ever upon the ice. But the liquetaction is
not uniformly diffused. From separate spots
of the ice little shining points are seen 1o
sparkle forth. Every one of those poiats is
surrounded by a beantiful liquid flower with
8ix petals.

98. Ice and water are so optically alike that
unless the light fall properly upon these
tlowers you cannot se¢ them. But what iz
the central spot? A vacuum. Ice swims on
water because, bulk for bulk, it is lighter
than water ; so that when ice is melted it
shrinks in size. Can the liquid flowers then
occupy the whole space of the ice melted !
Plainly no. A little_empty space is foime |
with the flowers, and this space, or rather its
surface, shines in the sun with the lustre of
burnished silver.

99. In all cases the flowers arc formed
parallel to the surface of freezing. They are
formed when the sun shines upon the ice of
every lake ; sometimes in myriads. and so
snall as to require a magnifying-glass to see
them. They are always attainable, but theit
beauty is ofien warted by internal defects of
the ice. Even one portion of the same piece
of ice may show them exquisitely, while a
second portion shows them imperfectly.

100. Annexed is a very imperfect sketch
of these beautifnl figures.

101. Here we have a reversal of the pro
cess of crystallization. The searching solar
beam is delicate enough to take the molecules
down without deranging the order of their
architecture. Try the experiment for vour-
relf with a pocket-lens on a sunny day.
You will-not find the flowers confused ; they
all lie parallel to the surface of freezing. In
this exquisile way everybit of the ice over
which our skaters glide in winter is put to-
gether.

102. T said, in 97, that a portion of the
sunbeam-was .stopped by the lice and lique-
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fied it.  What i3 this portion? The dark
heat of the sun. The great body of the light
waves anid even a portion of the dark ones
pass thiough the ice without losing any of
their heating power.  When propetly con-
centrated on combustible bodics, even after
having passed thiough the ice, their burnins
power beeomes manifest. ¥

103. And the ice itsclf may be employe:d
to concentiate them. With an ice-lens in
the polar regions Dr. Scoresby has often con-
centrated the sun's rays so as 1o make ther
burn wonil, fire gunpowder, and melt leal ;
thus proving that the heating power is re-
tained by the rays, even afier they have
passed through so cold a substance.

1)4. By rendering the rays of the eleetric
lamp parallel, and then sending them
through a lens of ice, we obtain all the
effects which Dr. Scoresby obtained with the
rays of the sun,

& 12. Tnz Sovnrc: OF THE ARVEIRON.—ICE
PIixxacLER, TOWERS, AND CHASMS OF THL
Gracrok D3 Do —PassisGE To THE
MONTANVERT.

105. Our preparatory studies are for the
present cuded, and thus informed, let us ap-
proach the Alps. Through the wvillage of
Chamouni, in Savoy, a river rushes which is
called the Arve, Let us trace this riwr
backward from Chamouni. At a little dis-
tance from the village the river foiks; one
of its branches still continues to te called the
Arve, the other i3 the Arveiron. Following
this latter we come to what is called the
*“source of the Arveiron’’—a short hour’s
walk from Chamouni. 1llere, as in the case
of the Rhone already referred to, you are
fronted by a huge mass of ice, the end of a
glacier, and from an arch in the ice tho
Arveiron issues. Do not trust the arch ia
summer, Its roof falls at intervals with a
startling crash, and would infallibly crusi
auy person on whom it might fall.

106. We must now be observant. T.ook-
ing about us liere, we find in front of the ice
curious heaps and ridges of débris, which
are more or less concentric. These are the
terminal moraines of the glacier. We shall
examine them subsequently.

107. We now turn to the left, and ascend
the slope beside the glacier. As we ascend
we get a better view, and find that the ice
here fills a narrow valley. We come upon
another singular ridge, not of fresh débris,
like those lower down, but ccvered in part
with trees, and appearing to be literally as
“old as the hills.”” It tells a wondeiful
tale. 'We soon satisfy ourselves that the
ridge is an ancient moraine, and at once con-
clude that the glacier, at some former period
of its cxistence, was vastly larger than it is
now. This old morain¢ stretches righs
across the main velley, and abuts against the
mountajng at the opposite side.

108. Having passed the terminal portion of
the glacier, which is covered with stones and
rubbish, we find ourselves beside a very
wonderful exhibition of ice. The glacier de
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scends a steep gorge, and in doin ' S0 isriven
and broken in the most extraordinary man-
ner. Here are towers, and pinnacles, and
fantastic shapes wrought out by the action
of the weather, which put onc¢ in mind of
rude sculpture. From deep chasms in the
glacier issues a delicate sh:mmer of blue
light. At times we hear a sound llk.e xhqn-
der, which arises either from the falling of a
tower of ice or from the tumble of a huge
stone into a chasm. The glacier maintains
this wild and chactic character for some
time : and the best iceman would find him-
self defeated in any attempt to get along it.

109. We reach a place called the Chapeau,
where, if we wish. we can have 1efreshment
in a little mountain hut. We then puss the
Mauzais Pas, a precipitous roek, ou the face
cf which steps arc hewn, and the nuprac-
tised traveller is assisted by a tope. We pur-
sue our journey, partly along the mountain-
side, an(Jl partly along a ridge of singularly
artificial aspect—a luteral moraine. We at
length face a house perched wpon an emi-
nence at the opposite side of the glacier.
This is the auberge of the Montanveit, well
gnown to all visitors to this portion of the
Alps.

lpll). Here we cress the glacier. I should
have told you that its lower part, including
the broken portion we Lave passed, is called
the Glacier des Bois; while the place that
we are now about to cross is the beginning
of the Mcr de Giace. Yon feel that this
term is not quite appropriate, for the glacier
here is much more like a river of ice than a
sta. The valley which it fills it about half a
nile wide.

111. The ice may be riven where we en-
ter upon it, but with the necessary care there
is no difficulty in crossing this portion of the
Mer de Glace.  The clefts and chasms in the
ive ate called crevasses ; we shall make their
acquaintance on a grander scale by and by.

112. Look up and down this side of the
glacier. 1t is copsiderably riven, but as we
advauce the crevasses wiil diminish, and we
+hall find very few of themn at the other side.
Note this for future use. The ice is at first
dirty ; but the dirt soon disappears, and you
come upon the clean crisp sutface of the gla-
cier. You have already poticed that the
clean ice is white, and that fiom a distance
it resembles snow rather than ice. This is
caused by the breaking up of the surface by
the solar heat. When. you pound trans-
parent rock-salt into powder it is as white
as table-salt, and it is the minute fissuring
of the surface of the glacier by the sun’s rays
that causes it to appear white. Within the
glacier the ice is transparent. - After an ex-
hilarating passage we get upon the opposite
lateral moraine, and ascend the steep slope
from it to the Montanvert Inn,

13. ToeE MeErR DE GLACE AND ITS

SorrcES. —Oun  First CLIMD TO THE
CLEFT STATION.

113. IIere the view before us is very
grand. We look across the glacier at the
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beautiful pyramid of the Aiguille du Dru
(shown in our frontispiece) ; and to the right
at the Aiguille des Charmoz, with its sharp
pinnacles bent as if they were ductile. Look-
ing straight up the glacier the view is bound-
ced by the great crests called La Granae
Jorasse, nearly 14,000 feet high. Our object
now is to get into the very heart of the
mountains, and to pursue to its origic tne
wonderful {rozen river which we have just
crossed.

114, Starting from the Montanvert with
the glacier below us 1o our left, we soon
reach some rocks resembling the Mauvais
Pas; they are called les Ponts. We cross
them and reach I’ Angle, where we quit the
Iand for the ice. We walk up the glacier,
huat Lefore 1eaching the promontory called
Trélaporte, we take once more to the moun-
tain-side ; for though the path here has been
forsaken on aeccount of its danger, for the
sake of knowledge we are prepared to incur
danger to a rcasonable extent. A litile gla-
cier reposes on the slope.to our right. We
may sce a huge boulder or two poiscd on the
end of the glacier, and, if fortunate, also see
the boulder liberated and plunging violently
down the slope.  Presence of mind is all that
i necessary to render our safety certain ; but
travellers do not always show presence of
mind, and hence the path which formerly
led over this slope has been forsaken. The
whole slope is cumbered by masses of rock
which this litile glacier has seat down.
These I wished you to sce; by and by they
shall be fully accounted for.

115. Above Trélaporte to the right you sce
a most singular cleft in the rocks, in the
middle of which stands an isolated pillar,
hewn out by the weather. OQur next object
is to get to the tower of rock to the left of
that cleft, for from that position we shall
gain a must commanding and instructive
view of the Mer de Glace and its sources.

116. The cleft referred to, with its pillar,.
may be seen to the right of the above engrav-
ing of the Mer de Glace. Below the cleft
is also seen the little glacier just referred

to.

117. We may reach this cleft by a steep
gully, visible from our present position, and
Jeading directly up to the cleft. But these
gullies, or couloirs, are very dangerous, be-
ing the pathways.of stones falling from the
heights. We will therefore take the rocks to
the left of the gully, by close inspcetion as-
certain their assailable points, and there at-
tack them. In the Alps as elsewhere won-
derful things may be doaz by looking stead-
fastly at ditficulties, and testing them wher-
ever they appear assailable.  We thus reach
our station, where the glory of thie prospeet,
and the insight that we gain as to the forma-
tion of the Mer de Glice. tar more than re-
pay us for the labor of our ascent.

118. For we see, the glacier below us,
stretching its frozen tongue downward past
the Montanvert. And we now find this sin-
gle glacier branching out into three others,
some of them wider than iteclf. Regard the
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Loanch to the tight, the Glacier du Géant,
It stzatehes smoothly up for a long distance,
then becomes disturbed, and then changes to
a great frozen cascade, down which the ice
uppears to tumble in wild confusion. Above
the cascade you sce an expanse of shiniug
snow, occupying an ares of some square
miles.

§ 14. IcE-cASCADE AXD SNOws OF THE
CoL pu GEANT.

119. Tustead of climbing to thy height where

we now stand, we might have continued our

wallk upon the Mer de Glace turned round
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of Téilaporte, and wulked
‘We should

the promontor
right up the Glacier du Géant.
have found ice under our fect up to the bottom

of the cascade. It is not so compact as the
ice lewer down, but you would not think of
1efusing to call it ice.

120. A we approach the fall, the smooth
and unbroken character of the glacier
changes more and more.- We encounter
transverse ridges succeeding cach other with
augmenting steepness. The ice Dbecomes
more and more fissured and confused. We
wind through tortuous ravines, climb huge
ice-mounds, and creep cautiously along
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crumbling crests, with crevasses right and
left. The confusion increases until further
advance along the centre of the glacier is im-
possible.

121. But with the aid eof an axe to cut
steps in the steeper ice-walls and slopcs we
might, by swerving to cither side of the
glacier, work our way to the top of tne cas-
cade. If weascended to the right, we should
have to take care of the ice avalanches which
sometimes thunder down the slopes ; if to the
left, we should have to take care of the stoncs
let Ioose from the Aiguille Noire. After we
had cleared the cascade, we should Lave to
beware for a time of the crevasses, which for
some distance above the fall yuwn terribly.
But by caution we could get round them, and
sometimes cross them by bridzes of snow,
Here the skill and knowledge to be acquired
only by long practice come into play ; and
here also the use of the Alpine rope suzgests
itself. For not only are the snow-bridges
often frail, but whole crevasscs are some-
times covered, the unhappy traveller being
first made aware of their existence by the
snow breaking under his feet. Many lives
have thus been lost, and some quite re-
cently.

122. Once upon the plateau above the ice-
fall we find the surface totally changed. De-
low the fall we walkec uponice ; here we are
upon snow. After a gentle but Jong ascent
we reach a depression of the ridge which
hounds the snow-field at the tep, and now
ook over Italy. We stand upon the famous
Col du Géant.

123. They were no idle scamperers on the
mountains that made these wild recesses first
known ; it was not the desire for health
which now brings some, or the desire for
srandeur and beauty which brings others, or
the wish to be able to say that they have
climbed a mountain or crossed a col, which
I fear brings a good many more ; it wasa
desire for knowledge that brought the first cx-
plorers here, and on this col the celebrated
De Sanssure lived for seventeen days, mak-
ing scientific observations. .

§ 15, QUESTIONING THE GLACIERS.

124. I would now ask you to consider for
a2 moment the facts which such an excur
sion places in our possession. The snow
through which we have in idea trudged is
the suow of last winter and spring. Had we
placed last August a peoper mark upon the
surface of the suow, we should find it this
Angust at a certain depth beneath the sur-
face. A good deal has been melted by the
summer sun, but a good deal of it remains,
and it will eontinue until the snows of the
coming winter fall and cover it. This again
will be in part preserved till next August, a
good deal of it remaining until it is covered
by the snow of the subsequent winter. . We
thus arrive at the certain concliusion that on
thie plateau of the Col du Géant the cuantity
of snow that jalls annually exceeds the quan-
tity melted.

125. Had we come in the month of April
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or May, we should have found the glacier be-
low the ice fall also covered with snow,
which is now entirely cleared away by the
heat of summer. Nay, more, the ice there
is obviously melting, forming running brooks
which cut channels in the ice, and expand
here and there into small blue-green lakes.

Hence you conclude with certainty that be-

low the ice-fall the quantily of frozen material

Jaiiing upon the glacier is less than the quan-

tity melted.

126. And this forces upon us another con-
clusion ; between the glacier below the ice-
fall and the plateau above it there must exist
a line where the quantity of snow which falls
i eracly cqual to the quantity annually
melted. This is the snow-line. - On some
glaciers it is quite distinet, and it would be
distinet here were the ice less broken and
confused than it actually is.

127. The French term néeé is applied to
the glacial region above the snow-line, while
the word glacéer i3 restricted to the ice below
it. Thus the snows of the Col du Géant
constitute the névé of the Glacier du Géant,
and in part, the névé of the Mer de Glace.

128. But if every year thus leaves a resi-
due of snow upon the plateau of the Col dn
Géant, it necessarily fcllows that the plateau
must get annually higher, provided the snow
remain upon ¢. Eygually certain is the con-
clusion that the whole length of the glacier
below the cascade must sink gradually lower,
if the waste of annual melting be not made
good. Supposing two feet of snow a year o
remain upon the Col, this would raise it to s
height far surpassing that of Mont Blanc in
five thousand years. Such aceumulation
must take place if the snow remain upon the
Col'; but the accumulation does not take
place, hence the snow does not remain on
the Col. The question thea is, Whither does
it go?

8 16. Braxcues AND MEDIAL MoRAINes
oF Tit; MER DE GLACE FROM THE CLEFT
STATION.

129. We shall grapple with this question
immediately. Meanwhile look at that ice-

valley in front of us, stretching up between '

Mont Tacul and the Aiguille de Léchand,
to the base of the great ridge called the
Grande Jorasse. This is called the Glacier
de Léchaud. It receives ut its head the
snows of the Jorasse and of Mont Mallet,
and joins the Glacier du Géunt at the prom-
ontory of the Tacul. The glaciers seem
welded together where they join, but they
continue distinct. Between them you clearly
trace a stripe of débris (¢ on the annexed
gketch-plan) ; you trace a similar though
smaljler stripe (¢ on the sketch) from the
junction of the Glacier du Géant with the
Glacizr des Périades at the foot of the Ai-
guille Noire, which you also follow along
the Mer de Glace.

130. We also see another glacier,or a portion
of it, to the left, falling apparently in broken
fragments through a narrow gorge (Cascade
du Talefre on the sketch) and joining the
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Léchaud. and from their point of junction
also a stripe of débris (d) runs downward
along the Mer de Glace. Beyond this again
we notice another stripe (¢), which seems to
begin at the bottom of the ice-fall, rising as
it were from the body of the glacier. Beyond
all of these we can notice the lateral moraine
of the Mer de Glace.

131. These stripes are the medial moraines
of the Mer de Glace. We shall Jearn more
about them immediately.

32, And now, having informed our
minds by these observations, let our eyes
“wander over the whole glorious scene, the
splintered peaks and the hacked end jagged
crests, the far-stretching snow-fields, the
smaller glaciers which nestle on the heights,
the deep blue heaven and the sailing clouds.
Ts it not worth some labor to gain command
of such a scene? But the delight it imparts
is heightened by the fact that we did not
come expressly to see it ; we came to instruct
onrselves about the glacier, and this high en-
jovment is an incident of our labor. You
will find it thus through life ; without hon-
est laber there can be no deep joy.

§ 17. Tur TALEFRE AND THE JARDIN.—
WORK AMONG THE CREVASSES,

133. And now let us descend to the Mer
de Glace, for T want to take you across the
glacier to that broken ice-fall, the origin of

which we have not yet seen. We aim at the
farther side of the glacier, and to reach it we
must cross those dark stripes of débris which
we observed from the heights. Looked at
from above, these moraines seemed flat, but
now we find them to be ridges of stones and
rubbish, from twenty to thirty feet high.

134. We quit the ice at a place called the
Couvercle, and wind round this promontory,
ascending all the time. We squeeze ourselves
through the Eyralets, a kind of natural stair-
case in the rock, and soon afterward obtain
a full view of the ice-fall, the origin of which
we wish to find. The ice upou the fall is
much broken ; we have pinnacles and towers,
some erect, some leaning, and some, if we
are fortunate, falling like those upon the
Glacier des Bois ; ~nd we have chasms fiom’
which issues a delicate blue light.  With the
ice-fall to our right we continue to ascend,
until at length we command a view of a
huge glacier basin, almost level, and on the
middle of which stands a solitary island, en-
tirely surrounded by ice. We stand at the
edge of the Glacier du Taléfre, and connect
it with the ice-full we have passed. The
glacier is bonnded by rocky ridges, hacked
and torn at the top into teeth and edges, and
buttressed by snow fluted by the descending
stones.

135. We cross the basin to the central
island, and find grass and flowers at the



IN CLOUDS AND RIVERS, ICE AND GLACIERS.

. place where we enter upon it. This is the
celebrated Jardin, of which 'you have often
heard. The upper part of the Jardin is bare
rock. Close at hand is one of the noblest
peaks n this portion of the Alps, the Ai-
guille Verte. It is lLetween thirteen and
fourteen thousasd feet high, and down its
sides, after freshly-fallen snow, avalanches
incessantly thunder. From one of its pro-
jections a streak of moraine starts down the

aléfre ; from the Jardin also a similar streak
of moraine issues. Both continue side by side
to the top of the ice-fall, where they are en-
gulfed in the chasms.  But at the bottom of
the fall they reappear, as if newly emerging
from the body of the glacier, and afterward
they continue along the Mer de Glace.

136. Walk with me now alongside the mo-
raine from the fardin down f{oward the ice-
fall. For a time our work is easy, such fis-
sures as appear offering uo impediment to
our march. But the crevasses become grad-
ually wider and wilder, following each other
at length so rapidly as to leave merely walls
of ice between them. Iere perfeet steadi-
ness of foot is necessary—a slip would be
death. We look towurd the fall, and ob-
serve the confusion of walls and blocks and
chasms below us increasing. At length pru-
dence and reason. ery ‘* Halt!” We may
swerve to the 1ight or to the left, and mak-
jng our way along crests of ice, with chasms
on both hands, reach either the right lateral
moraine or the left lateral moraine of the
glacier.

& 18. FIRsT QUESTIONS REGARDING GLA-
crER MuitoN. —DnirmiNG oF Bobies
BURIED IN A CREVASSE.

137. But what are these lateral moraines ?
As you and I go from day to day along the
faciers, their origin is gradually made plain.
Ve see at intervals the stones and rubbish
descending from the mountain-sides and ar-
rested by the ice.  All along the fringe of
the glacier the stones and rubbish fall, ang it
soon becomes evident that we have here the
source of the lateral moraines.

138. But how are the medial moraines to
be accounted for? How does the débris
range itself upon the glacier in stripes some
hundreds of yards from its edge, leaving the
space between them and the edge clear of
rubbish ? Some have supposed the stones to
have rolled over the glacier from the sides,
but the supposition will not bear examina-
tion. Call to mind now our reasoning re-
garding the excess of snow which falls above
the snow-line, and our subsequent question,
How is the snow disposed of ?  Can it be that
the entire mass is moving slowly down.
ward ? If so, the lateral moraines would be
carried along by the ice on which they rest,
and when two branch glaciers unite they
would lay their adjacent lateral moraines to-
gether to form a medial moraine upon the
trunk glacier.

139. There is, in fact, no way that we can
see of disposiag of the excess of snow above
the snow-line; thers is no way of making
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good the constant waste of the ice below the
snow-line ; there is no way of accounting for
the medial moraines of the glacier, but by
supposing that from the highest snow-fields
of the Col .lu Géant, the Léchaud, and the
Talefre, to the extreme end of the Glacier des
Bois, the whole 1mass of frozen matter is
moving downward.

140. If you were okler, it would give me
1 2asure Lo take you up Moat Blane.  Start-
ag from Chamouni, we should first pass
through woods an'l pastures, then up the
steep hill-face with tue Glacicr des Bossons
to our right, to a rock known as the Pierre
Pointue ; thence to a higher rock called the
Pierre U Lechelle, b:cause here a la-tler is
usunlly placed to assist in crossing the chasms
of the glacier. At the Pierre I'Echelle we
should strike the ice, and passing under the
Aiguiile du Mili, which towers to the left,
and which someitimes sweeps a portivn of
the track with stone avalanches, we should
cross the Glacier des Bossons ; amid heaped-
up mounds and broken towers of ice; up
steep slopes ; over chasmns so deep that their
bottoms arc hid in darkness.

141. We rcachh the rocks of the Grands
Mulets, which form a kind of barren islet in
the icy sea ; thence to the higher-snow-fields,
crossing the Petit Platean, which we should
find cumbered by blocks of ice. Looking to
the right, we should see whence they came,
for rising here with threatening aspect high
above us arc the broken ice-crags of the
Doéme du Gotité. The guides wish to pass this
place in silence, and it is just as well to hu-
mor them, however much you may doubt
the competence of the human voice to bring
the ice-crags down. From the Petit Plateau
a steep snow-slope would carry us to the
Grand Platean, and ot day-dawn I know
nothing in the whole Alps more grand and
solemn than this place.

142. One object of our ascent would be
now attained ; for here at the heail of. the
Grand Plateau, and at the foot of the final
slope of Mont Blane, I should show youa
great crevasse, into which three guides wcre
poured by an avalanche in the year 1820,

143. 1s this language correct? A crevasse
hardly to be distinguished from the present
one undoubtedly cxisted here in 1820. But
was it the identical crevasse now existing?
Is the ice riven here to-day the same as that
riven fifty-one years ago? By no means.
How is this proved ? By the fact that more
than forty years after their interment, the
remains of those three guides were found
near the end of the Glacier des Bossons,
many miles below the existing crevasse.

144. The same observation proves to dem
onstration that it is the ice near the dotlom of
the higher névé that becomes the surface-tce
of the glacier near its end. The waste of the
surface below the snow-line brings the deeper
portions of the ice more and more to the:
light of day.

145, There are numerous otvious indica-
tions of the existence of glacier motion,
though it i3 too slew to catch the eye at.
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once. The crevasses change within certain
limits from year to year, and sometimes from
month to month ; and this could not be if
the ice did not move. Rocks and stones also
dre observed, which have been plainly torn
from the mountain-sides. Blocks seen to
fall from particular points are afterward ob-
served lower down. On the moraines rocks
are found of a totally different mineralogical
character from those composing the moun-
tains rizht and left ; and in all sueh cases
strata of the same character are found bor-
dering the glacier higher up. Hence the
conclusion that the foreicn boulders have
been floated down by the ice. Further, the
ends or ‘‘ snouts’’ of many glaciers act like
ploughshares on the land in front ot them,
overturning with slow but merciless energy
huts and chilets that stand in their way.
Facts like these have been long known to the
inhabitants of the High Alps, who were thus
made acquuinted in a vague and gencral way
with the motion of the glaciers.

" was so rapid that the stakes soon fell.

§ 19. Tue MoTioN oF GLACIERS. —MEASURE-
MENTS BY ITuGt AND AGassiz.—DRIFTING
oF IuTs oN THE ICE.

146. But the growth of knowledge is from
vagueness toward precision, and exact de-
terminations of the rate of glacier motion
were soon desired. With reference to such
measurements, one glacier in the DBernese
Oberland will remain forever memorable.
Frowm the little town of Meyringen in Swit-
zerland you proceed up the valley ot Hasli,
7ast the cclebrated waterfall of IHandeck,
where the river Aar plunges into a chasm
more than 200 feet deep. You approach the
Grimsel Pass, but instead of crossing it you
turn to the right and follow the course of the
Aar upward. Like the Rhone and the
Arveiron, you find the Aar issuing from a
glacier., ?

147. Get upon the ice, or rather upon the
deep moraine shingle which covers the ice,
and walk upward. It is hard walking, but
afier some time you get clear of the rubbish,
and on to a wide glacier with a great medial
moraine running along its back., This mo-
raine is formed by the junction of two branch
glaciers, the Lauteraar and the Finsteraar,
which unite at a promontory called the Ab-
schwung to form the trunk glacier of the
Unteraar.

148. On this great mediul moraine in 1827
an intrepid and enthusiastic Swiss professor,
Hugi, ot Solothurm (French Soleure), built
a hut with a view to observations upon the
glacier. HHis hut moved, and he measured
1ts motion. In the three years—from 1827
t5 1830—it had moved 330 feet downward,
In 1836 it had moved 2354 feet ; and in 1841
M. Agassiz found it 4712 feet below its fivst
position.

140. In 1840, M. Agassiz himself and some
bold companions tock shelter under a great
overhanging slab of rock on the same mo-
raine, to which they added side-walls and
other means of protection. And because he
sad his comrades came from Neufchatel, the
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hut was called long afterward the “ Hétel
des Neuchdtelois.””  T'wo years subsequent
to its erection M. Azassiz found that the
““ hotel >’ had moved 486 feet downward.

§ 20. PRECISE MEASUREMENTS OF AGASSIZ
AND Fornes.—MorioN oF A GLACIER
PROVED TO RESEMBLE THE MOTION OF A
RIveR.

150. We now approach an epoch in the
scientific history of glaciers. Had the first
observers been practically acquainted with
the instruments of precision used in survey-
ing, accurate measurements of the motion of
glaciers would probably have been ecarlier
executed. We are now on the point of see-
ing such instruments introduced almost si-
multaneousty by M. Agassiz on the glacier
of the Unteraar, and by Professor Forbes on
the Mer de Glace. Attempts had been made
by M. Escher de la Linth to dctermine the
motion of a series of wooden stakes driven
into the Aletsch glacier, but the melting
To
remedy this, M. Agassiz in 1841 undertook
the great labor of carrying boring tools to
his ‘““Lotel,” and piercing the Unteraar
glacier at six different places to a depth of
ten feet, in a straight line across the glacier.
Into the holes six piles were so firmly driven
that they remained in the glacier for a year,
and in 1842 the displacements of all six were
determined. They were found to be 160
feet, 225 feet, 260 feet, 245 feet, 210 feet,
and 125 fect, respeetively.

151, A great step is here gained You
notice that the middle numbers ar: the larg-
est, They correspond to the central portion
of the giaeier. Ience, these measurements
conclusively estublish, not only the fact of
glacier wotion, but that the centre of the
qlacier, like that of a river; moves more rapidly
than the sides.

152. With the aid of trained enginecrs M.
Agassiz followed up these measurements in
subsequent years. ITis researches are record-
ed in a work entitled ** Systéme glaciaire,”’
which is accompanied by a very noble atlas
of the Glacier of the Unteraar, published in
1847.°

153. These determinations were made by
means of a theodolite, of which I will give
you some notion ¥simediately. The same
instrument was employed the same year by
the late Principal Forbes upon the Mer de
Glace.  He established independently -the
greater central motion. He showed, more-
over, that it is not necessary 10 wait a year,
or even a week (o determine the motion of a
glacier ; with a correctly-adjusted theodolite
he was able to determine the motion of vari-
ous points of the Mer de Glace from day to
day. He affirmed. and with truth, that the
motion of the glacier might be determined
from hour to hour. We shall prove this
farther on (162). Professor Forbes also tri-
angulated the Mer de Glace, and laid down
an exeellent map of it. Ilis first observa-
tions and his survey are recorded in a cele-
brated book published in 1843, and entitled
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‘“ Travels in the Alps.”’

154. These observations were also followed
up in subsequent years, the results heing re-
corded in a seties of detached letters and es-
suys of great interest. These were subse-
quently collected in a volume eatitled ““ Oc-
casional Papers on the Theory of Glaciers,”
published in 1859. The labors of Agassiz
and Forbes are the two chief sources of our.
knowledge of glacier phenomeéna,

§ 21. Tue TueopoLITE ANXD ITS UsE.—Ovun
OWN MEASUREMENTS.

155. My object thus far is attained, 1
have given you proofs of glacier motioun, and
a historic account of its measurement. And
now we must try to add g little to the knowl-
edge of glaciers by our own lzbors on the
ice. TResolution must not be wanting at the
commencement of our work, ror steadfast
patience during its: prosecution. Look then
at this theodolite ; it consicts mainly of a
telescope and a graduated circle, the tele-
scope capable of motion up and down, and
the circle, carrying the telescope along with
it, capable of motion right and left. When
desired to make the motion exceedingly fine
and minute, suitable screws, called tangent
screws, are employed. The instrument is
supported by tarce legs, movable, but firm
wlen properly plarted.

156. Two spirit-levels are fixed at right
angles to each other on the circle just refer-
red to. Practice enables one to take hotd ot
the legs of the instrument, and so to fix them
that the circle shall be nearly horizontal, By
means of four levelling screws we render it
accurately horizontal. Exactly wunder the
centre of the instrument is a small hook from
which a plummet is suspended : the point of
the bob just touches a rock on which we
make a mark ; or if the earth be soft under-
neath, we diive a stake into it exactly under
<he plummet. By re-suspending the plum-
mct at any future time we can find to a ha¥-
breadth the position oceupied by the instru-
ment to-day.

157. Look throuch the telescope ; you see
it crossed by two fibres of the finest spider’s
thread. In actual work we first direct the
telescope across the glacier, until the inter-
section of the two fibres accurately covers
some well-detined pcint of rock or tree at the
other side of the valley. This, our fixed
standard, we sketch with its surroundings in
a note-hook, so as to be able immediately to
recognize it oa our return to this place. Im-
3gine o straight line drawn from the centre
of the telescope to this point, and that this
line is permitted to drop straight down upon
the glacier, every point of it falling as a
stone wounld fall ; along such a line we have
now to fix a scries of stakes.

158. A trained assistant is already upon
the glacier. He erccts his staff and stands
behind it ; the telescope is lowered without
swerving to the right or to theleft ; in mathe-
matical language it remains in the same verti-
zal plane. The crossed fibres of the tele-
scope probably strike the ice a little away
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from the staff of the assistant ; by a wave of
the arm he moves right or left; he may
move too much, so we wave him back again.
After a trial or two he knows whether lLe is
near the proper point, and if so makes his
nintions small. He soon exactly strikes the
point covered by the interscetion of the
fibres. A signal is made which tells him
that he is right ; he pierces the ice with an
auger and drives in'a ‘stake. e then goes
forward, and in precigely the same manncer
takes up another point. After one or two
stakes have been driven in, the assistant is
able to take up the other points very rap-
idly.  Any requisite number of stakes may
thus be fixed in a straight line across the-
glacier.

159. Next morning we measure the motion
of all the stakes. The theodolite is mounted
in its former position and carefully levelled
The telescope is directed first upon the
standard point at the opposite side of the
valley, being moved by a tangent screw until
the intersection of the spider’s threads accu-
rately covers the point. The telescope is
then lowered to the first stake, beside which
our trained assistant is already standing.
He is provided with a staff with feet and
inches marked on it. A glance shows us
that the stake has moved down. By oursig-
nzls the assistant recovers the point from
which we started yesterday, and then deter-
mines the distance from this point to the
stake. It is, say, 6 inches; through this dis-
tance, therefore, the stake hias moved.

160. We are careful 1o note the hour ang
minute at which cach stake is driven in, and
the hour and the minute when its distance
from its first position is measured ; this cna-
bles us to calculate the accurate daily motion
of the point in question. The distances
throngh which all the other points have
moved are determined in precisely the same
way.

1561. Thus we shall proceed to work, first
making clear to our minds what is to be
done, and then making sure that it shall be
accurately done. To give our work reality,
I will here reeord the actual measurements
executed, and the actual thought suggested,
on the Mer de Glace in 1857. The only un-
reality that 1 would ask you to allow, is that
you and I are supposed to be making the ob-
servations together. The labor of measuring
was undertaken for the most part by Mr.
Hirst.

§ 22. MorIioN oF ToE MER DE GLACE.

162. On July 14, then, we find ourselves
at the end of the Glacier des Bois, not far
from the source of the Arveiron. We direct
our telescope across the glacier, and fix the
intersection of its spider’s threads nccurat&lry
upen the edge of a pinnacle of ice. e
leave the instrument untouched, looking
throngh it from hour to hour. The edge of
ice moves slowly, but plainly, past the fibres,
and at the end of three hours we assure our-
selves that the motion has amounted to sev-
eral inches. While standing near the vault
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of the Arveiron, and talking about going
into it, its roof gives way and falls with the
sound of thunder. It is not, therefore, with-
vut reason that I warned you against enter-
ing these vaults in summer.

163. We ascend to the Montanvert Inn,
fix on it as a residence, and then descend to
the lateral moraine of the glacier a little le-
low the inn. Here we erect our theodolite,
and mark its exact position by a plummet,
We must first make sure that our line is per-
pendicular, or nearly so, to the axis or mid-
dle line of the glacier. Our instructed assist-
ant lays down a long staff in the direction
of the axis, assuring himself, by looking up
and down, that it is the true direction,
With another staff in his hand, pointed

toward our theodolite, he shifts his position
until the second staff is perpendicular to the
first. Iere hie gives us a signal.  We direct
our telescope upon him, and then gradually
raising its end ‘in a vertical plane we find,
and note by sketching, a standard point at the
other side of the glacier. This point known,
and our plummet mark known, we can on
any future day find our line. (To render the
measurements more intelligible, I append an
outline diagram of the Mer de Glace, and of
its tributaries.)

164. Along the line just described ten
stakes were set on July 1%th, 1857. Theirdis-
placements were measured on the followiag
day. Two of them had fallen, but here are
the distances passed over by the cight re.
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mamning ones in twenty-four hours.

DAILY MOTION OF THE MER DE GLACE.
First LINE : A A’ UPON TUE SKETCH.

East g West
Btake s % vk, 1 2'84 57 910
Imighes - 22y 12 17 23 26 25 26 27 33

165. You have already assured yourself
by actual contact that the body of the glacier
is real ice, and you may have read that
glaciers move : but the actual-observation of
the motion of a body apparently so rigid is
strangely interesting. And not only does the
ice move bodily, but one part of it moves
past another ; the rate of motion augmenting
gradually from 12 inches a day at the side to
83 inches a day at a distance from the side.
This quicker movement of the central ice of
glaciers had been already observed by Agas-
siz and Forbes ; we verify their results, and
now proceerd to something new. Crossing
the Glacier du Géant, which occupies more
than half the valley, we find that our line of
stakes is not yet at an end. The 10th stake
stands on the part of the ice which comes
from the Taléfre.

166. Now the motion of the sides is slow,
hecause of the friction of the ice against its
boundaries ; but then one would think that
midway between the boundarics, where the
friction of the sides is least, the motion ought
to be greatest  This is clearly not the case ;
for though the 10(h stake is nearer than the
9th to the eastern or Clapean side of the val-
ley, the 10th stake surpasses the 9th by 6
inches a day.

167. Here we have something to think of ;
but before a natural philosopher can think
with comfort he must be perfectly sure of
his facts. The foregoing line ran across the
glacier a little below the Montanvert. We
will run another line across a little wey above
the hotel. On July 18th we set out this line,
and to multiply our chances of discovery we
place along it 31 stakes. On the subsequent
day five of thesc were found unfit for use ;
but here are the distances passed over by the
remaining six-and-twenty in 24 hours,

SeEcoND LINE : BB’ vPON THE SKETCH.
West

Stake...2 3 4 5 6 7 8 9 10 11 12 18
Inches.11 12 15 15 16 17 13 19 20 20 21 21
Stake...15 16 17 18 1) 20 21 22 23 24 <5 26
Inches.23 23 23 21 95 21 &5 22 22 23 %5 2
Last

168. Look at these numbers. The first

broad fact they reveal is the advance in the
rate of motion from first to last. There are,
however, small irregularities ; from 23 inches
at the 17th stake we fall to 21 inches at the
18th ; from 23 inches at the 19th we fall to
21 inches at the 20th ; from 25 inches at the
21st we fall to 22 inches at the 22d and
23d; but notwithstanding these small ups
and downs, the general advance of the rate
of motion is manifest. Now there may have
been some slight displacement of the stakes
by melting, sufficient to account for these
gmall deviations from uniformity in the in-
crease of the motion. But another solution
is also possible., We shall afterward learn
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that the glacier is retarded not only by its
sides but by its bed ; that the upper portions
of the ice slide over the lower ones. Now if
the bed of the Mer de Glace should have emi-
nences liere and there rising sutliciently near
to the surface to vetard the motion of the
surface, they might produce the small irregu-
larities noticed above,

169. We note particularly, while upon the
ice, that the 26th stake, like the 10th stake
in.our last line, stands much nearer to the
eastern than to the western side of the
glacier ; the meisurements, therefore, offer
a further proof that the centre of this portion
of the glacier is nof the place of swiftest mo-
tion.

$ 23. UNEQrAL MoTION OF THE TWO SIDES
orF THE MER DE GLACE,

170. But in neither the first line nor the
seccond were we able to push our measure-
ments quite across the glacier. Why? In
attempting to do one thing we are often
taught another, and thus in science, if wve
arc only steadfast in our wurk, our very de-
feats are converted into means of instruc-
tion. We at first planted pur theodolite on
the lateral moraine of the Mer de Glace, ex-
pecting to be able to command the glacier
from side to side. Bat we are now unde-
ceived ; the centre of the glacier proves to be
higher than its sides, and from our last two
positions the view of the ice near the oppo-
site side of the glacier was intercepted by the
elevation at the centre. The mountain-
slopes, in fact, are warm in summer, and
they melt the ice nearest to them, thus caus-
ing a fall from the ceatre to the sides.

171. But yonder on the heights at the
other side of the glacier we see a likely place
for our theodolite. We cross the glacier and
plant our instrument in a position from
which we sweep the glacier from side to
side. Our first line was helow the Montan-
vert, our second line above it ; this third line
is exactly opposite the Montanvert ; in fact,
the mark on which we have fixed the fibre-
cross of the theodolite is a corner of one of
the windows of the little inn. Along this
line we fix twelve stakes onJuly 20th. On the
21st one of them had fallen : but the veloci
ties of the remaining eleven in 24 hours were
found to be as follows :

Tmmp LiNg: C C’ CPON THE SKLTCH,

East West
Stake.,.... 1 2 3 4 5 6 7 8 9 10 11
Inchee...... 20 2W RW 30 34 2 B 2B 25 18 Y

172. Both the first stake and the eleventh
in this series stood near the sides cf the gla-
cier. On the eastern side the motion is 20
inches, while on the western side it is only 9.
It rises on the castern side from 20 to 34
inches at the 5th stake, which we, standing
upon the glacier, can see to be much nearer
to the eastern than to the western side. e
united evidence of these three lines places the
Jact beyond doubt, that opposite the Montanvert,
and for some distance abovs it and below i, the
whole castern side of the glacier is moving more
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quickly than the western side.

§ 24. SUGGESTION OF A NEW LIKENESS oF
Gracier MotoN 10 RIVER MoTiON.—
CONJECTURE TESTED,

173. Here we have cause for reflection, and
facts are comparatively worthless if they do
not provoke this exercise of the mind. It is
because facts of nature are not isolated but
connected, thut science, to follow them, must
also form a connected whole. The mind of
the natural philosopher must, as it were, be
s web of thouget corresponding in all its
Abres with the web of fuet in nature.

174. Let us, then ascend (o a point which
commands a goud view of this portinn of the
Mer de Glace. The ice-river we see is not
straight but curved, and its curvature is from
the Montanvert ; that is to say, its convex
side is east, and its concave side is west (look
to the sketch). You bhave already pondeied
the fact that a glacier, ¢n some respects, moves
like a river. Ilow would a river move
through a curved channel? This is known,
Were the ice of the Mer de Glace displaced
by water, the point of swiftest motion at the
Montanvert would not be the centre, but a
point east of the centre. Can it be then that
this *‘ water-rock,”” as ice is sometimes
called, acts in this respect also like water ?

175. This is a thought suggested on the
spot ; it may or it may not be true, but the
peans of testing it are at hand. Looking up
the glacier, we see that at les Ponts it also
bends, but that there its convex curvature ls
toward the western side of the valley (look
again to the sketch). If our surmise be tiug,
the point of swiftest motion opposite s
Ponits ought tolie west of the axis of the
glacier.

176. Let us test this conjecture. On July
25th we fix in a line across this portion of the
glacier seventeen stakes ; every one of them
has remained firm, and on the 26th we find
the motion for 24 hours to be foilows :

Fourta LiNg : D D/ UPON THE SKETCH.
West
Stake. .... 1234567891011121314155
177. Inspected by the naked eye alone, the
stakes 10 and 11, where the glacier reaches
its greatest motion, are.seen to be consitlera-
bly to the west of the axis of the glucier,
Thus far we have a perfect verification of
she guess which prompted us to make these
measirements.  You will here observe that
the < guesses’’ of science are not the work
of chance, but of thoughtful pondering over
antecedent facts. The guess is the *“ indue.
tion”’ from the facts, to be ratitied or ex-
ploded by the test of subsequent experiment.
178. And though even now we have ex.
ceedingly strong reason for holding that the
int of maximum velocity obeys the law of
iquid motion, the strength of our eonclusion
will be doubled if we can show that the
point shif(s back to the ecastern side of the
uxis at another place of flexure. Fortunate-
¥ such a place exists opposite Trélaporte.
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Here the convex curvature of tue vallsy
turns again to the east. Across this potica
of the glacier a line was set out on July 28th,
and from measurements on the 311, the ratg
of motion per 24 hours was determined.

FirTH LINE: E E/ UPON THE SKETCH.<]
West Eagy
Stake....1 2 3 4 5 6 7 8 910111213 1415
Inches., .11 14 13 15 15 16 17 19 20 19 20 18 16 15 18

179. Here, again, the mere estimate of
distarces by the eye would show us that
the threc .takes which moved fastest, viz.
the 9th, 10th, and 11th, were all to the east
of the middle line of the glacier. The dem-
onstration that the point of swiftest motion
wanders to and fro across the axis, as the
flexure of the valley changes, is, therefore
—shall T say complete ?

180. Not yet. For if surer means are open
to us we must not rest content witls estimates
by the eye. We have with us a surveying
chain : let us shake it out and measure these
lines, noting the distance of every stake
from the side of the glacier. This is no easy
work among the erevasses, but 1 contide it
confidently to Mr. Hirst and you, We can
afterward compare & number of stakeson the
eastern side with the same number of stakes
taken at the same distances from the western
side. For example, a pair of stakes, one ten
vards from the eastern side and the other ten
yards from the western side ; another pair,
one fifty yards from the eastern side and the
other fifty yards from the western side, aund
s0 on, can be compared togetlier. For the
suke of eusy reference, let us call the points

‘thus compared in pairs, equivalent points.

181. There were five pairs of such points

upon ont fourth line, D D', and lhere are
their veloeities :
Eastern points ¢ motion in inches..13 15 16 18 20
Wertern points ) 15 17 42 923 B
In every case here the stake ut the western
side moved mote rapidly than tlie equivalent
stage at the eastern side,

182 Applying the same analysis to our
fiith iine, E F/, we have the tollowing series
of velocities of three pairs of equivalent

points :
Easlern points ; motion in inches . e 1504185910
Western poiuts 2 A e 13 15 17

183. Here the three points on the eastern
side move more rapidly than the equivalent
points on the western side.

184. It is thus proved:

1. That opposite the Montanvert the east-
ern half of the Mer de Glace moves more
rapidly than the western half,

2. That opposite les Ponts the western half
of the glacier moves more rapidly than the
eastern half.

3. That opposite Tiélaporte t':e castern haif
of the glacier again moves more rapidly than
the western half. *

4, That these changes in the place of great-
est moticn are determined by the flexures of
the valley through which the Mer de Glace
moves,
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& 25. NEw Law oF GLAaciER MoTION.

155. Let us express these facts in another
vay. Supposing the points of swiftest inotion
or a very great uumber of lines crossing the
fler de Glace to be determined ; the line
oining all those points together is what
nathematicians would call the locus of the
soint of swiftest motion,

1536. At Trélaporte this line would lic cast
5f the centre ; at the Ponts it would lie west
5f the centre ; hence in passing from Tiéla-

orte to the Ponts it would eross the centre.
But at the Montanvert it would again lie
aast of the centre ; lience between the Ponts
and the Montanvert thg centre must le
crossed a second time.  If there were further
sinuosities upon the Mer de Glace there
wounld be further ctossings of the axis of the
glacier. ’

187. The points on the axis which mark
the transition from castern to western bend-
ing, and the reverse, may be called points of
conlrary flezure. y

183. Now what is true of the Mer de
Glace is true of ail other glaciers moving
through sinuous valleys; so that the facts
established in the Mer de Glace may be ex-
panded into the following general law of
glhwier motion @

Wihen a glacier moves through a sinnous
valley, the locus of the point of maximuni
motion does not coincicde with the centre of
the glacier, but, on the contrary, always lies
on tue convex side of the central line.  The
locus is therefore a curved line more deeply
sinupns than the valley itself, and crosses
the axis of the glacier at each point of con-
trary flexure.

159. The dotted line on the Outline Plan
(Figz. 6) represents the locus of the point of
maximum tnotion, the firm line marking the
centre of the glacier.

190. Substituting the word rizer for glacier,
this law is also true. The motion of the
water is ruled hy precisely the same condi-
tions as the motion of the ice.

191. Let us now apply our law to the ex-
placation of a difficulty. Turning to the
careful measurenients exoceuted by M. Agas-
siz on the glacier of the Unteraar, we notice
in the discussion of these mecasurements a
section of the ** Systéme glaciaire” devoted
to the ‘‘ Migrations of the Centre.”” It is
here shown that the middle of the Unteraar
glacier is not always the point of swiftest
motion. This fact has hitherto remained
without explanhtion ; but a glance at the
Unteraar valley, or at the map of the valley,
shows the enigma to be an illustration of the
law which we have just cstablished on the
Mer de Glace. g

§ 25. MotioN or Axis or MeR D GLACE.

192. We have now measurced the rate of
motion of five different lines across the trunk
of the Mer de Glace. Do they all move
alike? No. Like a river, a glacier at ditfer~
ent places moves at different rates. Com-

paring together the points of muximum me-.
tion of all five lines, we have this resuit:

MOTION OF MER DI GLACE.
At Trélaporte..........o ... 20 inches a day
Atles Ponts....... voeve-ens D et e
Above the Montauvert......
At the Montanvert.......... 3t
Below the Montanvert...... 33 ¥ 3

2% e .

L e

193. There is thus an increase of rapidity
as we descend the glacier from Trélaporte t¢
the Montanvert ; the maximum motion at the
Montanvert being fourteen inches a day
greater than at Tirélaporte.

§ 27. MoTioN oF TRiBUTARY GLACIERS.

194, So much for the trunk glacier; let
us now investigate the branches, permitting,
as we have hitherto douae, reflection on
known facts to preccde cur attempts to dis.
cover unknown ones.

195. As we stood upon our ‘‘cleft sta-
tion,”” whence we had so capital a view of the
Mer de Glace, we were struck by the fact that
some of the tributaries of the glucier were
wider than the glacier itself. Supposing
water to be substituted for the ice, how do
you suppose it would behave? You would
doubtless conelude that the motion down the
broad and slightly-inclined valleys of the
Géant and the Léchaud wouid be compara-
tively slow, bnt that the water would fores
itself with increased rapidity through the
“narrows’’ of Trélaporte, Let us test this
notion as applied to the ice, 5

196. Planting our theodolite in the shadow
of Mont Tacul,’and choosing a ' suitable
point at the opposite side of the Glacier dv
Géant, we fix on July 29th a series of ter
stakes across the glacier.  The motion of thi
line in twenty-four hours was as follows :

MOTION OF CLACIER DU GEANT.
Sixtu LiNe: III1’ troN SKETCH.

Stake......... 122 N3 A5 R TN G - RSN
Inches........ 110012 13 1213 1 10 -9 6
197. Our conjecture is fully verified. The

maximum wmotion here is seven inches a day
less than that of the Mer de Glace at Tréla.
porte (192).

198. And now for the Léchaud Dbranch.
On August 1st we fix ten stakes across this
glacier above the point where it i3 joined by
the Taléfre. Measured on August 3d, and
reduced to twenty-four hours, the motion was
found to be:

MOTION OF GLACIER DE LECHAUD.
SeveNtH Lixg: KK’ vron SKzTem.
Stake...... N T R, o B o S ST
Incnes ....... or 801087 G0 £ 50600 LN
139. Here our conjecture is still further
verified, the rate of motion being even less
than that of the Glacier du Géant.

1T
6

§ 28. Motrox or Tor AxD DorToM OF
GLACIER.

200. We have here the most ample and
varied evidence that the sides of a glacier,
like those of a river, are retarded by triction
against its boundaries. DBut the likeness dozs
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not end here. The mntion of a river s re-
tarded by the friction against its bed. Two
observers, viz., DProfessor Forbes and M.
Charles Martins, concur in showing the same
to be the case with a glacier. The obser-
vations of both have Leen objected to 3 hence
it is all the more incumbent vn us to seek for
decisive evidence.

201. At the Tacul (ncar the point @ upon
the sketch plan, Fig. 5) a wall of ice about
150 feet high has already attracted our atten-
tion. Bemding round to join the Léchaud the
Glacier dn Géant is here drawn away from
the nountain-side and exposes a fine section.
We try to measure it top, bottom, and mid-
dle, and are defeated twice over. We tryit a
third time and succeed. A stake is fixed at
the summit of the ice-precipice, another
at 4 feet from the bottom, and a third at 85
feet above the bottom. These lower stakes
are fixed at some risk of boulders falling
upon us from above ; but by skill and ceai
tion we succeed in measuring the motions
of all three. For 24 hours the motionsare :

T L S S R S A 6 .rches.
Midiile 41 o
Botton o RBG A0S

202. The retarding influence of the Led of
the glacier is reduced to demonstration by
these measurements.  The bottom does not
move witix half the velocity of the surluce.

§ 20. LareEraL CoMPRESSION OF A GLACIER,

208. Furnished with the knowledge which
these labors and measurements have given
us, let us once more climb to our stativn be-
side the Cleft, under the Aiguille de Char-
moz. At our first visit we saw the medial
moraines of the glacier, but we knew noth-
ing about their cause. We now know that
they mark upon the trunk its tributary gla-
ciers. Cast your cye, then, first upon the
Glacier du Géant; realize its width in its
own vallev, and see how much it is narrowed
at Trélaporte. The broad ice-stream of the
Léchaud i3 still more surprising, being
sqneezed upon the Mer de Glace to a narrow
white band betwecn its bounding wmoraines.
The Taléfre undergoes similar compression,
Let us now deseend, shake out our chain,
mensuie, and express in numbers the width
of the tributaries, and the actual amount of
compression suffered at Tiélaporte.

204. We find the width ot the Glacier du
Géunt to be 5155 links, or 1134 yards.

205. The width of the Glacier de Léchaud
we find to be 3725 links, or 825 yards.

205. The width of the Taléfre we find to
be 2900 links, or 638 yards.

207. The sum of the widths of the three
branch glaciers is therefore 2597 yards.

208. At ‘Trélaporte these three branches
are forced through a gorge 893 yards wide,
or onc third of their previous width, at the
rate of twenty inches a day.

209. If we limit our view to the Glacier de
Léchaud, the facts are still more astonis® ing.
Previous to its junction with the Tuldfre,
this glacier has a width of 825 yards; in
passing through the jaws of the granite vise
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at Trélaporte, its width is reduced to eighty-
cight yards, or in round numbers to one tenth
of its previous width. (Look to the sketch
on page 9.)

210. Are we to understand by this that the
ice of the Léchaud is squeezed to one tenth
of itg former volume? By no means. It is
mainly a change of form, not of volume, that
occurs at Trélaporte. Previous to its com-
pression, the glacier resembles a plate of ice
lying flat upon its hed. After its compres.
sion, it resembles a plae fived upon its edge.
The squeezing, doubtless, has deepened the
ice.

§ 80. LoXGITUDINAL COMPRESSION OF A
GLACIER.

211. The ic: is forced through the gorge at
Trélaporte by a piessure from behind; in
fact the Glacier du Géant, immediately above
Trélaporte. represents a piston or a plug
which drives the - ice through the gorge.
What effect must this pressuie have upon
the plug nself ¥ Reasoning alone renders it
probable that the pressure will shorten the
plug ; that the lower part of the Glacier du
Géant will to some extent yiekl to the pres-
sure from behind.

212. Let us test this notirn.  About three
quatters of a mile above tle Tacul, and ¢n
the mountain-siope to the left as we ascend.
we observe a patch of verdvre. Thither we
climb ; there we plant our theodolite, and set
out across the Glacier du Gésat, a line, which
we will call line No. 1 (¥ I apon sketch,
Fig. 6.)

213. About a quarter of a mile lower down
we find a practicuble couloir on the mountain-
side ; we ascend it, reach asuifable platform,
plant our instrument, and set out a second
line, No. £ (& G' upon sketch). We must
hasten our work here, for along this couloir
stones arc discharged from a small glacier
which rests upon the slope of Mont Tacul.

214. Still luwer down by another quarter
of a mile, which brings us nerr the Tacul,
we sct out a third line, No. & (I H' upon
sketeh), acrass the glacier.

215. The daily motion of the centres of
these three lines is as follows : -

Inches. Distances asunder,
No. 1...... 20-55 3
N ISR s e 15 43} 545 yards,
No. 8...... 12-75} .......... 487

216. The first line here moves five inches
a day more than the second ; and the second
nearly three inches a day more than ibic
third. The reasoning is therefore confirmed.
The ice-plug, which is in round numbers on¢
thousand yards long, is shortened by the
pressure exerted on its froat at the rate cf
about cight inches a day.

217. A river descending the Valley du
Géant would behave in substantially the same
fashion. It would have its motion on ap-
proaching Tyélaporte diminished, and it
would pour through the defile with a velocity
greater than that of the water behind~-
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§ 81. Suipixe AXD Frowing.—HArD Ick
AND SofFT ICE.

218. We have thus far confined oursclves
to the measurement and discussion of glacier
motion ; but in our excursions we have no-
ticed many things besides. Here and there,
where the ice has retreated fiom the moun-
tain side, we have scen the rocks fluted,
seored. and polished ; thus proving that the
jice had slidden over them and ground them
down. At the source of the Arveiron we
noticed the water rushing from benecath the
glacier charged with fine matter. All glacier
rivers arc similarly charged. The Rhone
carrics its load of matter into the Lake of
Geneva ; the rush of the river is here ar-
rested, the matter subsides, and the Rlione

uits the lake clear and blue. The Lake of

enevi, and many other Swiss lakes, are in
part filled up with this matter, and will, in
all probability, finally be obliterated by it.

219. Onec portion of the motion of a glacier
is due to this hodily sliding of the mass over
its bed.

220. We have seen in our journeys over
the glacier streams formed by tihe melting of
the ice, and escaping through cracks and
crevasses to the bed of the glacier. The Inc
matter ground down is thus washed away ;
the bed is kept lubricated, and the sliding of
the ice rendered more casy than it would
otherwise be,

221. As a skater also you know how much
ice i3 weakened by a thaw. Before it actu-
ally melts it becomes rotten and unsafe
Test such ice with your penknife : you cau
dig the blade readily into it, or cut the ice
with ease. Try good sound ice in the same
way : you find it much more resistant, The
one, indeed, resembles soft chalk ; the other
hard stone,

222. Now the Mer de (tlace in summer is
in this thawing condition. 1ts ice is rendered
soft and yieldiug by the sun; its motion is
thereby facilitated. We have seen that not
only does the glacier slide over its bed, but
that the upper layers slide over the under
ones, and thut the centre slides past the sides.
The softer and more yielding the ice is, the
more free wiil be this motion, and the more
readily also will it be forced through a defile
like Trélaporte.

223. But in winter the thaw ceases ; the
quantity of water reaching the bed of the
glacier 13 diminished or entirely cut off. The
ice also, to a certain depth at least, is frozen
hard. These considerations would justify
the opinion that in winter the glacier, if it
moves at all, must move more slowly than in
summer. At all events, the summer meas-
urements give no clue to the winter motion.

224. This point merits examination. I will
not, however, ask you to visit the Alps in
midwinter ; but, if you allow me, T will be
your depuly to the mountains, and report to
you faithfully the aspect of the region and
the behavior of the ice.

07

§ 82. . WINTER ox tuE MR DB GLACE.

225. The winter chosen i3 an inclement
one. There is snow in London, snow in
Paris, snow in Geneva ; snow near Chamouni
so deep that the road fences are cntirel
cffaced. On Christmas night—nearly at mi(i
night—1859, your deputy reaches Chamouni.

226. The snow fell heavily on December
26th ; but on the 27th, during a lull in the
storm, we turn out. There are with me four
good guides and a porter. They tie planks
to their feet to prevent them from sinking in
the snow ; I neglect this precaution and sink
often to the waist. TFour or five times during
our ascent the slope cracks with an explosive
sound, and the snow threatens to come down
in avalanches. :

The freshly-fallen snow vsasn that partic-
ular condition which causes its granules to
adhere, and hence every flake falling on the
trees had been retained there. The laden
pines prescnted beautiful an:l often fantastic
forms.

227. After five hours and a half of arduous
work the Montanvert was attained. e un-
locked the forsaken auberge. round which
the snow was reared in buttresses. T have
already spoken of the ccmplex play of crys-
tallizing forces. 'The frost-figures on the
window-panes of the auberge were wonder-
ful: mimic shrubs and ferns wrought by the
building power while hampered by the ad-
hesion between the glass and the film in
which it worked. The appearance of the
glacier was very imnpressive ; all sounds were
stilled. The cascades which in summer fill
the air with their music were silent, hanging
from the ledges of the rocks in fluted col-
umns of ice. The surface of the glacier was
obviously higher than it had been in sum-
mer ; suggesting the thought that while the
winter cold maintained the lower end of the
elacier jammed between its boundaries, the
upper portions still moved downward and
thickened the ice. The peak of the Aiguille
du Dru shook out a cloud-banner, the origin
and nature of which have been already ex-
plained (84)..

228. Cn the morning of the 28th this ban-
ner was strikingly large and grand, and red-
dened by the light of the rising sun it glowed
like a flame. Roses of cloud alsv clustered
round the crests of the Grande Jorasse and
hung upon the pinnacles of Charmoz. Four
men, well roped together, descended to the
glacier. I had trained one of them in 1857,
and he was now to fix the stakes. The
storm had so distributed the snow as to leave
alternate lengths of the glacier bare and
thickly covered. Where much snow lay,
great caution was required, for hidden cre-
vasses were underneath, The men sounced
with their staffs at every step. Once while
looking at the party through my telescope
the leader suddenly disappeared ; the roof
of a crevasse had given way beneath him ;
but the other three men promptly gathered
round and lifted him out of the fissure. The
true line was soon picked up by the theodo
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tite ; one by one the stakes were fixed until
a series of eleven of them stood across the
glacier.

229, To get higher up the valley was im-
practicable ; the snow was too deep, and the
aspect of th2 weather too threatening ; so the
theodolite was planted amid the pines a little
way below the Montanvert, whence through
a vista I could see across the glacier. "The
men were wrapped at intervals by whirling
snow-wreaths, which quite hid them, and we
had to take advantage of the lulls in the wind.
Fitfully it came up the valley, darkening the
air, catching the snow upon the glacier, and
tossing it throughout 'its entire length into
high and violently agitated clouds, separated
from cach other by cloudless spaces corre-
sponding to the naked portions of the ice. In
the midst of this turmoil the men continued
to work. Bravely and steadfastly stake after
stake was set, until at length a series of ten
of them was fixed acrossthe glacier.

230. Many of the stakes were fised in the
snow. They were four feet in length, and
were driven in to a cdepth of about three
feet. But that night, while listening to the
wild onset of the storm, I thought it possible
that the stakes and the snow which held
them might be carried bodily away before
the morning. The wind, however, lulled.
We rose with the dawn, but the air was thick
with descending snow. It was all composed
of those exquisite six-petalled flowers, or six-
rayed stars, which have been already figured
and described (§ 9). The weather brighten-
ing, the theodolite was planted at the end of
the first line. The men descended, and,
trained by their previous experience, rapidly
executed the measurements. The first line
was completed before 11 A.m. Again the
snow began to fall, filling all the air. Span-
gles innumerable were showered upon the
heights. Contrary to expectation, the men
could be seen and directed through the
shower,

231. To reach the position occupied by the
theodolite at the end of our second line, I had
to wade breast-deep through snow which
seemed as dry and soft as flour. The toil of
the men upon the glacier in breaking through
the snow was prodigious. Dut they did not
flinch, and after a time the leader stocd be-
hind the farther stake, and cried, Nous avons
Jint. 1 was surprised to hear him so dis-
‘tinctly, for falling snow had been thought
very deadening to sound. The work was
finished, and I struck my theodolite with the
feeling of a general who had won a small
battle.

232. We put the louse in order, packed
up, and shot by glissade down the steep
slopes of L« Filio to the vault of the Arvei-
ron. We found the river feeble, but not
dried up. Many weeks must have elapscd
since any water nad been sent down from the
surface of the glacier.  But at the setting in
of winter the fissures were in a great mcasure
charged with water; and the Arveiron of
to-day was probably due to the gradual
drainage of the glacier.

There was now 1o’
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danger of entering the vault, for the lce
seemed as firm as marble.  In the cavern we
were bathed by blue light. The strange
beauty of the place suggested magic, and put
me in mind of stories about fairy caves which
I had read when a boy. At the source of the
Arveiron our winter visit to the Mer de Glace
ends ; next morning your deputy was on his
way to London.

& 83. WINTER MoTioN or Ting M=zx Dz
GLACE.
233 Heee are the measurements executed
in the winter of 1859 :
Lixe No. L.

....... 2,08 4. 5.6 58 010 T
g1 16 13- 14 1416 7213 12 127

Lixg No. IT.
Stake.... .. eonel 020030 w4 1B BEN TSR ANORID
Inches . ...... 8 10 14 16 16 15 18 17 13 MW

234. Thus the winter moticn of the Mer
de Ghlace necar the Montanvert is, in round
numbers, half the summer motion.

235. As in summmeér, the eastern side of the
glacier at this place moved quicker than the
weslern.

§ 84, MoTioN oF THE GRINDELWALD AND
ALETSCII GLACIERS,

236. As regards the question of motion,
to no other glacier have we devoted ourselves
with such thoroughness as to the Mer de
Glace ; we are, however, abie to add a few
measurements of other celebrated glaciers.
Near the village of Grindelwald in the Ber-
nese Oberland, there are two great ice-
streams called 1espectively the Upper and the
Lower Grindelwald glaciers, the second of
which is frequently visited by travellers ia
the Alps. Across it on August 6th, 1860, o
series of twelve stakes was fixed by Mr.,
Vaughan Hawkins and myself. -+ Mcasured
on the 8th and reduced to its daily rate, the
motion of these stakes was as follows :

MOTION OF LOWER GRINDELWALD GLACIER:

Last West
Stake...1 2 3 5 6 97+ 19 SN
Inches..18 19 20 21 21 21 22 20 19 18 17 14

237. The theodviite was here planted a
little below the footway leading to the higher
glacier region, and at about a mile above the
end of the glacier. The measurcment wes
rendered diflicult by crevasses.

238. The lypgest glacier in Switzerland is
the Great Aletsch, to which further reference
shall subsequently be made. Across it on
August 14th, 1860, a series of thirty-four
stakes was planted by Mr. Hawkins and me.
Measured on the 16th and reduced to their
daily rate, the velocities were found to be as
follows :

MOTION OF GREAT ALETSCH GLACIER.

ast

Stake...... L 227 3eadb 06t - 108 10 11 12
Inches..... 2 3 4 6 8 11 13 14 16 17 17 14
Stake......13 14 15 16 17 13 19 20 21 22 3
Inches.....19 18 18 17 19 19 19 19 17 17 15
Stake .. .... a5 27 23 29 380 3t 82 33 34
Inches N O17T 1T 17 17 17 16 12 12

West
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239. The maximum moticn here is nine-
teen inches a day. Probably the castern side
of the glacier is shallow, the retardation of
the bed making the mntion of the eastern
stakes inconsiderable. The width of the
glacier here is 9030 links, or about a mile
and a furlong. The theodolite was planted
high among the rocks on the western flank
of the mountain, about haif a mile above the
Miirgelin Sce.

$ 35. MoTiON OF MORTERATSCII GLACIER.

240. Far to the cast of the Oberland, and
in that interesting part of Switzerland known
as the Ober Engadin, stands a noble group of
mountains, less in height than those of the
Oberland, but still of commanding clevation.
The group derives its nime from its most
dominant peak, the Piz Bernina. To reach
the place we travel by railway from Basel to
Ziirich, and from Ziirich to Chur (French
Coire), whence we pass by diligence over
either the Albula pass or the Juliar pass to
the village of Pontresina. Ilere we are in
the immediate reighborhood of the Bernina
mountains.

241. From Pontresina we may walk or
drive along a good coach road over the Ber-
nina pass into Italy. At about an hour above
the village you would look from the road
into the heart of the mountains, the line of
vision passing through a valley, in which is
couched a glacier of considerable size.
Along its back you would trace a medial
moraine, and you could hardly fail to notice
how the moraine, from a mere narrow streak
at first, widens gradually as it descends, un-
til finally it quite covers the lower end of the

Jacier. Nor is this an effect of perspective ;
or were you to stand upon the mountain
slopes which nourish the glacier, you would
see thence also the widening of the streak of
rubbish, though the perspective here would
tend to narrow the moraine as il retreats
downward.

242. The ice-stream here referred to is the
Morteratsch glacier, the end of which i3 a
short hour’s walk from the village of IPon-
tresina. We have now to determine its rate
of motion and to account for the widening of
its medial moraine.

243. In the summer of 1864 Mr. Iirst and
myself set out three lines of stakes across the
glacier. The first line crossed the ice high
up ; the second a good distance lower down,
and the third lower still. Even the third
line, however, was at a considerable distance
above the actual snout of the glacier. The
«llaily motion of these three lines was as fol

OWS :

FirsT LINE.

Stake...... 1 2 3 4 5 6 7 8 9 1711
Iuches 8 12 13 13 14 13 12 12 1) 7 5
SkcoND LiNE.

Stake,....... 1 2 83 4 5 6 7 8 9 1011
Inches.......1 4 6 S 10T TIAT L IS Itk
Tuirp LiNe.

Stake........ 1 2 83 4 5 6 % 8 9 1711
Inches....... Y AT M TR TR RN T R SRR T R

244, Compare these lines togetlier. You
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notice the velocity of the first is greater than
that of the second, and the velocity of the
second greater than that of the third.

245. The lines were permitted 10 move
downward for 100 ‘hours, at the end of
which time the spaces passed over by the
points of swiftest motion of the three lines
were as follows :

Maxixuy MoTioN 1N 100 Hours.

dOIRIIne . T Rt e 56 inches.
Second line 43 ¢
Tmirddings 2 00 SRR B0i Tt

246. Here then is a demonstration that the
upper portions of the Morteratsch glacier are
advancing on the lower ones. In 1871 the
motion of a point on the middle of the glacier
near ils snout was found io be less than two
inches @ day !

247. What, then, is the consequence of
this swifter march of the upper glacier?
Obvioudly to squeeze this medial mcraine
longitudinally, and to causa it to spread out
laterally. 'We have here distinctly revealed
the cause of the widening of the medial mo-
raine,

248. It has been a question much dis-
cussed, whether a glacier is competent to
scoop out or deepen the valley through which
it moves, and this very Mor(eratsch glacier
has been cited to prove that such is not the
case. Observers went to the snout of the-
glacier, and finding it sensibly quiescent,
they concluded that no scooping ocenrred..
But those who contended for the power oy
glaciers to excavate valleys never stated, or
meant to state, that it was the snout of the
glacier which did the work. In the Morte-.
ratsch glacier the work of excavation, whicl
certainly goes on to a greater or less extent,,
must be far more effectual high up the val..
ley than at the end of the glacier.

§ 36. BirTH OF A CREVASSE : LREFLEC:
TIONS.

249. Preserving the notion that we are-
working together, we will now enter upon a.
new field of inquiry. We have wrapped up
our chain and are turning homeward after
a hard day’s work upon the Glacier du
Géant, when under our feet, as if coming
from the body of the glacier, an explosion is
heard. Somewhat startled, we look inquir-.
ingly over the ice. The sound is repeated,,
several shots being fired in quick succession..
They seem sometimes to our right, some--
times to our left, giving the impression that
the glacier is breaking all round us, Still
nothing is to be seen.

250. We closely scan the ice, and after an.
hour’s strict search we discover the cause of
the reports. They anrvounce the birth of a
crevasse. Through a pool upon the glacier
we notice air-bubbles ascending, and find
the bottom of the pool crossedipy a narrow
crack, from which the bubbles issue. Right
and left from this pool we trace the young
fissure through long distances. It is some-
times almost too feeble to be seen, and at no
place is it wide enough to admit a knife-
blade. .
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251. It is difficult to believe that the for.
midable fissures, among which you and I
have so often trodden with awe, could com.
mence in this small way. Such, however, is
the case. The great and gaping chasms on
and above the ice-fails of the Géant and the
Taldlre begin as narrow cracks, which open
gradually to crevasses. We are thus taught
in an instructive and impressive way that ap
pearances suggestive of very violent action
may really be produced by processes so slow
28 to require refined observations to detect
them, In the production of natural phe-
nomena two things always come iuto play,
the {ntensity of the acting force, and the time
during which it acts. Make the intensity
great and the time small, an:d you have sud-

c¢n convulsion ; but preeiscly the same ap-
parent effect may be produced by making the
intensity small and the time great. This
truth is strikingly illustrated by the Alpine
ice-falls and crevasses ; and many geological
‘phenomena, which at first sight suggest vio-
lent convulsion, may be really produced in
the self-same almost imperceptible way.

§ 87, IcicLus.

252, The crevasses are grandest on the
higher névés, where they sometimes appear
as long yawning fissures, and sometimes as
chasms of irregular outline. A dclicate blue
light shimmers from them, but this is gra:l-
ually lost in the darkness of their profounder
portions. Over the edges of the chasms,
and mostly over the southern edges, hangs a
coping of snow, and from this depend like
stalactites rows of transparent icicles, 10, 20,
80 feet long.' These pendent spears consti-
tute one of the most beautiful features of the
higher erevasses.

233. How are they produced? Evidently
by the thawing of the snow. DBut why,
when once thawed, should the water freeze
again to solid spears ? You have scen icicles
pendent from a house-eave, which have been
manifestly produced by the thawing of the
snow upon the roof. If we undersiand these
we shall also understand the vaster stalactites
of the Alpine ¢revasses.

254, Gathering up such knowledge as we
possess, and reflecting upon it paticntly, let
us found on i, if we can, a theory of icicles

255. First, then, you a1¢ to know that the
alr of our atmosphere is hardly heated at all
by the rays of the sun, whether visible or in-
visible. The air is highly transparent to all
kinds of rays, and it is only the scanty frac-
tion to which it is not transpaient that ex-
pend their force in warming it.

256. Not so, however, with the snow on
which the sunbeaums fall. It absorbs the
solar heat, and on a sunny day you may sec¢
the summits of the high Alps glistening with
the water of liquefaction. The air above
and around’ the mountains may at the same
time be many degrees below the freezing
voint in temperature.

257. You have only to pass from sunshine
into shade to prove this. A single step
suffices to carry you from a place where the
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thermonmeter stands high to one wheie it
stands Jow ; the change being due, not to
any difference in the temperature of the air,
but simply to the withdrawal of the ther-
mometer from the direct action of the solar
rays, Nay, without shifting the thermome-
ter at all, by interposing a suitable screen,
which cuts off the sun’s rays, the coldness of
the air may be demonstrated.

258. Look now to the snow upon your
house-roof. The sun plays upon it and
melts it ; the wuter trickles to the eave and
then drops down. If the eave face the sun
the water remains water ; but if the eave do
not face the sun, the drop, before it quits its
parent snow, ¢8 already in shadow. Now the
shaded space, as we have learned, may be
below the freezing temperature. If so, the
drop, instead ¢f iﬂ;ing, congeals, and the
rudiment of an icicie is formed. Other
drops and driblets succeed, which trickle
over the rudiment, congeal upon it in part
and thicken it at:the root. But a portion of
the water reaches the free‘end of the icicle,
hangs from it, and is there congealed before
it escapes. The icicle is thus lengthened. In
the Alps, where the liquefaction is copious
and the cold of the shaded crevasse intense,
theicicles, thongh produced in the same way,
naturally grow to-a greater size. The dram-
age of the snow after the sun’s poweris with-
drawn also produces icicles.

259. It is interesting and important that
you should be able to explain the formation
of an icicle; but it is far more important
that you should realize the way in which the
various threads of what we call Nature are
woven together. You cannot fully under-
stand an icicle without first knowing that
solar beams powerful enough to fuse the
snows and blister the human skin, pay, it
might be added, powerful enough, when con-
centrated, to burn up the human body itself,
may pass through the air and still leave it at
an icy temperature,

§ 38. Tne BERGSCHRUND,

260. Having cleared away this difficulty,
let us turn once more to the crevasses, takiug
them in the order of their formation, First
then above the névé we have the final Alpine
puaks and crests, against which the snow is
often reared as a steep buttress. We have
already learned that both névés and glaciers
are moving slowly downward ; but it usual-
ly happens that the attachment of the high-
est portion of the butiress to the rocks is
great enough to enable it to hold on while
the lower portion breaks away. A very
characteristic crevasse is thus formed, called
in the German-speaking portion of the Alps
n DBergschrund. 1t often surrounds a peak
like a fosse, as if to defend it against the as-
saults of climbers.

261. Look more closely into its formation.
Imagine the snow as:yet unbroken. g
higher portions cling to the rocks and move
downward with extreme slowness. But its
lower portions, whethér from their greatet
depith and weight or their less perfect at-
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tacnment, are compeiled to move more
quickly. A pull is therefore exerted, tend-
ing to separate the lower from the upper
snow. For atime this pull is resisted by the
cohesion of the névé; but this at length
gives way, and a crack is formed exactly
across the line in which the pull is exerted.
In other words, @ ercvasse is formed at right
angles to the line of tension.

& 39. TRANSVERSE CREVASSES.

262. Both on the néve and on the glacier
the origin of the crevasses is the same.
Through some cause or other, the ice is
thrown into a slate of strain, and as it can.
not stretch it breaks across;the line of tension.
Take, for example, the ice-fall of the Geant,
or of the Taléfre, above which you l.now
the crevasses yawn terribly. Imagine the
névé and the glacier entirely peeled away,
50 as to expose the surface cver which they
move. From the Col du Gé&nut we should
see this surface falling gently to the place
now occupied by the brow of the cascade.
Here the surfage would fall steeply down to
the bed of the present Glacier du Géant,
wherz the slope would become gentle once
ore,

263. Think of the névé moving over such
a suiface. It descends from the Col till it
reaches the brow just referred to. It crosses
the brow, and must bend down to keep upon
its bed.  Realize clearly what must occur.
The surface of the néve is evidently thrown
* ato a state of strain : it breaks and forms a
crevasse.  Each fresh portion of the névé as
it passes the brow is similarly broken, and
thus a succession of erevasses is sent down
the fall. Between every two chasms is a
great transverse ridge. Through local strains
upon the fall those ridges are also frequently
broken across, towers of ice—sdracs—being
the result. Down the fall both 1idges. and
seracs are borne, the dislocation being aug-
mented during the descent.

264, What must occur at the foot of the
fall? Here the slope suddenly lessens in
steepness. It is plain that the erevasses
must not only cease to open here, but that
they must in whole or in part close up. At
the summit of the fall, the bending was such
as to make the surface convex ; at the bottom
of the fall, the bending renders the surface
concave. In the one case we have strain, in
the other pressure. In the one case, therefore,
we have the opening, and in the other the
closing of crevasses. This reasuning corre-
sponds exactly with the facts of observation.

265. Lay bare your arm gnd stretch it
straight. Make two ink dots half an inch or
an inch apart, cxactly opposite the clbow.
Bend your arm, the dots approach each
other, and are finaily brought together. Let
the two dots represant the two sides of a
crevasse at the boftom of an ice-fall ; the
bending of the arm rescmbles the bending of
the ice, and the closing up of the dots re-
sembles the closing of the fissures.

266. The same: remarks apply to various
Jortions of the Mer de Glace. At certain
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places the inclination changes from a gentler
to a steeper slope, and on cressing the brow
between both the glacier breaks s back.
Transverse crevasses are thus formed. There
jis such a change of in¢lination opposite to the
Ancle, and a still greater but similar change
at the head of the Glacier des Bois. The
consequence is that the Mer de Glace at the
former point is impassable, and at the latter
the rending and dislozation are such as we
have seen and described. Below the Angle,
and at the bottom of the Glacier des Bois,
tLe steepness relaxes, the crevasses heal up,
and the glacier becomes once more continu-
ous and compact. y :

§ 40. MARGINAL CREVASSES.

267. Supposing, then, that we had ro
changes of inclination, should we have no
crevasses ?  We should certainly have less of
them, but they would not wholly disappear.
For other circumslances exist to throw the
ice into a state of strain, and to determine its
fracture. The principal of these is the more
rapid movement of the centre of the glacier,

268. Ielped by the labors of an eminent
man, now dead, the late Mr. Wm. Hopkins,
of Cambridge, let us master the explanation
of this point together. But the pleasure of
mastering it would be enhanced if we could
see beforehand the perplexing and delusive
appearances accouned for by the explana-
tion. Coutd my wishes be followed out, I
would at this point of our rescarches carry
you off with me to Basel, thence to Thun,
thence to Interlnken, thence 10 Grindelwald,
where you would_find yourself in the actuat
presence of the Wettethorn and the Eiger,
with all the ‘greatest peaks of the Bernese
Oberland, the Finsteraanhorn, the Schreck.
horn, the Monch, the Jungfrau, at hand.
At Grindelwald, as we have alteady learned,
there are two well-known glaciers—the Ober
Grindelwald and the Unter Grindelwala gla-
ciers—on th. [atter of which our observa-
tions should commence,.

269. Dropping down from the village to
the bottom of the valley, we should breast
the opposite mountain, and with the great
limestone precipices of the Wetterhorn to
our left, we should get upon a path which
commands a view of the glacier. Here we
should see beautiful examples of the opening
of crevasses at the summit of a brow, anﬁ
their closing at the bottom. But the chief
point of interest wouid be the crevasses
formed at the side of this glacier—the mar-
ginal crevasses, as they may be called.

270. We should tind the side copiously fig:
sured, even at those places where the eentre
is compact ; and we should particularly no-
tice that the fissures wonld neither run in
the direction of the- glacier nor straight
across it, but that they would be obligue to it,
inclosing an angle of about 45 degrees with
the sides. Starting from the side of the gla-
cier the crevasses would be seen to point up-
ward ; that is to say, the ends of the fis-
sures abutting against the bounding moun-
tain would apoear to be drogged down. Were
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(you less instructed than you now are, I
might lay n wager that the aspect of these
fissures would cause you to conclude that the
centre of the glacier is left behind by the
quicker motion of the sides.

271. This indeed was ‘the conclusion
drawn by M. Agassiz from this very appear-
ance, before he had measured the motion of
the sides and centre of the glacier of the
Unteraar. Intimately versed with the treat-
ment of mechanical problems, Mr. Hopkins
immediately deduced the obiiquity of the
lateral crevasses from the quicker tlow of the
centre. Standing beside the glacier with
peneil and note-book in hand, I would at
once make the matter clear to you thus.

272. Let A ¢, in the annexed figure, be one
slde of the glacier, and B D the otber ; and
let the direction of motion be that indicated
by the arrow. Let 5T be a transverse slice
of the glacier, taken straight across it, say to-
day. A few days or wecks hence this slice
will have been carried.down, and because the
centre moves more quickly than the sides it
will not remain straight, but will bend into
the form s’ 1.

278. Bupposing T ¢ to be a small square of
the original slice near the side of the glacier.
In its new position the square will be distort-
ed to the lozenge-shaped figure 17 ¢, Fix
your attention upon the diagonal T 7 of the
square ; in the lower position this diagonal,
if the ice could stretch, would be lengthened
to ™ #. But the ice does not stretch ; it
breaks, and we have a crevasse formed at
right angles to T/ 7. 'The mere inspection of
the diagram will assure you that the crevasse
will point obliquely vpward.

274. Along the whole side of the glacier
the yuicker movement of the centre produces
a suniiar state of strain; and the conse-
quence is that the sides are copiously cut by
those oblique crevasses, even at places where
the centre is free from them.

275. It is curious to see at other places the
trunsverse figsures of the centre uniting with
those at the sides, o as to form great curved
crevasses which stretch across the glacier
Jrom side to side. The convexity of the
curve is turned. upward, as mechanical prin-
ciples declare it ought to be. But if ycu
were ignorant of those principles, you would
never infer from the aspect of these curves
the quicker motion of the centre. In land-
slips, and in the motion of partia.ly 1udurat-
ed mud, you may sometimes notice appear-
ances similar to those exhibited by the ice. _

§ 41. LoNGITUDINAL CREVASSES

276. We have thus unravelled the origin
of both transverse and marginai creva:ses.
But where a glacier issues from a steep and
narrow defile upon a comparatively level
pluin which allows it room to expand later-
ally, its motion is in part arrested, and the
level portion has to bear the thrust of the
steeper portions behind. Here the line of
thrust is in 1he direction of the glacier,
while the direction at right angles to this is
oneof tension. Across this latter the glacier
breaks, and lengitudinal crevasses are formed.

377. Examples of this kind of crevusse are
furnished by the lower pait of the Glacier of
the Rhone, when looked down upon from
the Giimsel Pass, or from any commanding
point on ihe flanking mountains,

§ 42. CREVASSES IN RELATION TO CURVA-
TURE OF (SLACIER.

278. One point in addition remains to be
discussed, and your present knowledge will
enable you to master it in a moment. You
remember at an early period of our researches
that we crossed the Mer de Glace from the
Chapeau side to the Montanvert side. I then
desired you to notice that the Chapeau side
of the glacier was more fissured than eithier
the centre or the Montanvert side (75). Why
should this be so? Knowing as we now do
that the Chapeau side of the glacier moves
more quickly than the other, that the point
of maximum motion does not lie on the cen-
tre but far east of it, we are prepared to an-
swer this question in a peifectly salistuctory
manner,

279. Let AB and ¢ b, in the following dia-
gram, represent the two curved sides of the
Mer de Glace at the Montanvert, and let m n
be a straight line across the glaeier. Let o
be the point of maximum motion. The me-
chanical state of the two sides of the glacier
may be thus made plain. Supposing the line
m 1 to be a straight. elastic string with its
ends fixed ; let it be grasped firmly at the
point o by the finger and thumb, and drawn
to o', keeping the distance between o’ and the
side ¢ D constant. Here the length, 7 o of
the string would have stretched to n ¢, and
the length m o to m o’, and you see plainiy
that the stretching of the short line, in com-
parison with its length, is greater than that
of thelong line in compurison with its length.
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In other words, the strain upon n o' is greater
than that upon sz o”; so that if one of them
were to break under the strain, it would be
the short one.

280. These two lines represent the condi-
tions of strain upon the two sides of the gla-
cier. The sides are held back, and the cen-
tre tries to move on, a_strain being thus set
up between the centre and sides. But the
displacement of the point of maximum mo-
tion through the curvature of the valley
makes the strain upon the castern ice greater
than that upon the western. The eastern
s.a¢ of the glacier is therefore more crevassed
than the western.

281. Here indeed resides the diffieulty of
getting along the eastern side of the Mer de
Glace : a diffienity which was one reason for
our crossing the glacier opposite to the Mon-
tanvert. There are two convex sweeps on
the eastern side to one on the western side,
hence on the whole the eastern side of the
Mer de Glace is most riven.

§ 43. MORAINE-RIDGES, GLACIER TABLES,
AND SaxD CONES.

282. When you and I first crossed the Mer
de Glace from Trelaporte to the Couvercie,
we found that the stripes of rocks ard rub-
bish which constituted the medial moraines
were ridges raised above the general level of
the glacier to a height at some places of
twenty or thirty feet. On examining these
ridges we found the rubbish to be superficial,
and that it rested upon a great spine of ice
which ran along the back of the glacier. By
what means has this ridge of ice been raised ?

283. Most boys have read the story of Dr.
Franklin’s placing bits of clothh of various
colors upon snow on a sunny day. The bits
of cloth sank in the snow, the dark ones
ost,

284. Consider this experlment. The sun's
rays first of all full upon the upper surface
of the cloth and warm it. The neat is then
conducted through the cloth to the under
surface, and the -under surface passes it ou to
the snow, which is finally liquetied by the
heat. It is quite manifest that the quantity
of spow melted will altogethier depend upon
the amount of heat sent from the upper to
.the under surface of the cloth.

2385. Now cloth 1s what is called a bad
conductor. It does not permit heat to travel
freely through it. B.l where it has merely
to pass through the thickness of a single bit
of cloth, a good quantity of the heat gets
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through. But if you double or treble or
quintuple the thickness of the cloth; or,
what is casier, if you put several pieces one
upon . the other, you come at length to a
voint where no sensible amount of heat could
get through from the upper to the under sur-
face.

286. What must occur if such a thick
piece, or such a series of pieces of cloth,
were placed upon snow on which a strong
sun is falling ? The snow round the cloth is
melted, but that underneath the cloth is pro-
tected. If the action continue long enough
the inevitable result will be that the level of
the snow all round the cloth will sink, and
the cloth will be left behind perched upon
an eminence of snow.

287. If you understand this, you have al-
ready mastered the cause of the moraine-
ridges. They are not produced by any
swelling of the ice upward. But the ice
underneath the rocks and rubbish being pro-
tected from the sun, the glacier right and
left melts away and leaves a ridge behind.

288. Various other appearances upon the
glacier are accounted for in the same way.
Here upon the Mer de Glace we have flat.
slabs of rock sometimes lifted up on pillars
of ice. These are the so-called Glacier Ta-
bles. They are produced, not by the growth
of a stalk of ice out of the glacier, but by
the melting of the glacier all round the ice
protected by the stone, Here is a sketch of
one of the Tables of the Mer de Glace.

289. Notice moreover that a glacier table
is hardly ever set square upon its pillar. It
generally leans to one side, and repeated cb-
servation teaches you that it so leans as to
¢nable you always to draw the north and
south line upon the glacier. For the sun be-
ing south of the zenith at noon pours its rays
against the southern end of the table, while
the northern end remamns in shadow. The
southern end, therefore, being most warmerl
does not protect the ice underneath it so ef-
fectually as the northern end: The table be-
comes. inclined, and ends by sliding bodily
oif its pedestal.

290. In the figure opposite we have what
may be called an ideal table, The oblique
lines represent the direction of the sunbeams,
and the consequent tilting of the table here
shown resembles that observed upon tha
glaciers.

291. A pebble will not rise thus: like
Fraoklin’s single bit of cloth, a dark-colored
pebble sicks in the ice. A spot of bluck
mould will not rest upon the surface, but
will sink ; and various parts of the Glacier du
Géant are honcycombed by the sivking of
such spots of dirt into the ice.

292. But when the dirt is of a thickness
sufficient to protect the ice the case is differ-
ent. Sand is often washed away Ly a stream
from the mountains, or from the moraines,
and strewn over certain spaces of the glacier.
A most curious action follows . the sanded
surface rises, the part on which the sand lies
thickest rising highest. Little peaks aod
eminences jut forth, and when the distribue



114

THE FORMS OF WATER

Fia. 9.

tion of the sand is faverable, and the acticn
sufticiently prolonged, you have little moun-
tains formed, sometimes singly, and some-
times grouped so as to mimic the Alps
themselves, The Sand Cones of the Mer de
Glace are not striking ; but on the Gérner,
the Aletsch, the Morteratsch, and other gla-
ciers, they form singly and in groups, reach-
ifng sometimes a height of ten or twenty
eet.

§ 44. Tur GLACIER MILLS OR MOULINS.

293 Youand I have learned by long ex
etience the charecter of the Mer de Glace,
‘We have marched over it daily, with a defi-
nite object in view, but we have rot closed
our eyes to cther objects. It is from side
giinpses of things which are not at the mo
ment oceupying our attention that fresh sub-
Jeets of ingquiry arise in scientific investiga-
tion.
294, Thus in marching over the ice near
Tréluporte we were often struck by a sound
resembling low rumbling thunder. We
subsequently sought out the origin of this
sound, and found it.
295. A large area of this portion of the
. glacier is unbroken. Driblets of water have
room to form rills, rills to unite and form
streams, streams to combine to form rush-
ing brooks, which sometimes cut deep chan-
nels in theice. Sooner or later these streams
reach a strained portion of the glacier, where
a crack is formed across the stream, A wa
i3 1hus opened for the water to the bottom of
the glacier. By long action the stream
hollows out a shaft, the erack thus becoming
the starting-point of a funnel of unscen
depth, into which the water leaps with the
sound of thunder,
296. This funnel and its cataract form e
giacier Mill or Moulin.
y 297. Let me grasp your hand firmly while

ou stand upon the edge of this shaft and
ook into it. The hole, with its pure blue
shimmer, is beautiful, but it is terrible. In-

Fia. 0.

cautious persors bave fallen into these
shafis, a second or two of bewilderment be«
ing followed by sudden death. But caution
upon the glaciers and mountains ought, by
habit, 1o be made a second nature to explor-
ers iike you and me.

208. The crack into which the stream first
descended to form the moulin, moves down
with the glacier. A succeeding portion of
the ice reaches the place where the breaking
strain is exerted. @A new crack is then
formed above the moulin, which is thence-
forth forsaken by the stream, and moves
downward as an empty shaft. Here upon
the Mer de Glace, in advance of the Grand
Moulin we see no less than six of these for-
saken holes. Some of them we sound to a
depth of 90 feet.

299. But you and I both wish to deter-
mine, if possible, the entire depth of the Mer
de Glace. The Grand Moulin offers a chance
of doing this which we must not neglect.
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Qur ftrst effort to sound the moulin fails
through the breaking of our cord by the im-
petuous plunge of the water. A lump of
grease in the hollow of a weight enables a
mariner to judge of a sea bottom. We em-
ploy such a weight, but cannot reach the
bed of the glac er. A depth of 163 feet is
the utmost rcached by our plummet.

800. From July 28th to August 8th we have
watched the progress of the Grand Moulin.
On the former date the pusition of the mou-
lin was fixed. Oun the 31st it had moved
down 50 inches ; a little more than a day
afterward it had moved 74 inches. On
August 8th it had moved 193 inches, which
gives an average of about 13 inches in
twenty-four hours. No doubt next sumimer
upon the Mer de Glace a Grand Moulin will
be found thundering near .Teélaporte ; bus
like the crevasse of the Grand Platean, al-
ready reterred to (8 16), it will not be our
moulin. This, or rather the ice which it
penctrated, is now probably more than a
nile lower down than it was in 1857.

§ 45. Tne CoANGES OF VOLUME OF WATER
BY HEAT AND CoLD.

301. We have noticed upon the glacier
shafts and pits filled with water of the most
delicate blue. In some cases these have been
the shafts of extinet moulins clused at the
bottom. A theory has been advanced to ac-
count for them, which, though it may be un-
fenable, opens out considerations regarding
the propertics of water that ought to be
familiar to inquirers like you and me.

302. In our dissection of lake ice by a
beam of heat (§ 11) we noticed little vacu-
ous spots at the centres of the liquid flowers
formed by the beam. These spots we re-
ferred to the fact that when ice is meltea the
water produced is less in volume than the
ice, and that hence the water of the flower
was not able to occupy the whole space
covered by the flower.

303. Let us more fully illustrate this sub-
jeet. Stop a small flask water-tight with a
cork, and through the cork introduce a
narrow glass tube also water-tight. It is
easy to fiil the flask with water so that the
liquid shall stand at a certain height in the
glass tube.

304. Let us now warm the flask with the
flame of a spirit-lamp. On first applying the
tflame you notice a momentary sinking ot the
liquid in the glass tube. This is due to the
momentary expansion of the flask by heat ;
it becomes suddenly larger when the flame is
first ap];;ied.

805. But the expansion of the water soon
overtakes that of the flask and surpasses it.
We immediately sce the rise of the liquid
column in the glass tube, exactly as mercury
rises in the tube of a warmed thermometer.

806. Our glass tube is ten inches long, and
at starting the water stood in it at u height of
five inches. We will apply the spirit-lamp
flame until the water rises quite to the top of
the tube and trickles over. Thisexperiment
suflices to show the expansion of the water
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by heat.

307. We now take a common finger-glass
and put 1nto it a httle pounded ice und salt,
On this we place the flask, and then huild
round it the freezing mixture. The liquid
column retreats down the tube, proving the
contraction of the liquid by cold. We allow
the shrinking to continue for some minutes,
noticing that the downward retreat of the
liquid becomes gradually slower, and that it
finally ceuses altogether. ;

308. Keep your eye upon the liquid col-
umn ; it remains quiescent for a fraction ot
a minute, and then moves once more. But
its motion is now wupward instead of down-
ward.  The freczing mivture now acts exactly
tewe the flame. V.

309. It would not be difficult to pass a
thermometer through the cork into the
flask, and it would tell us the exact tempera- -
ture at which the liquid ceased to contract
and began to expand. At that moment we
should tind the temperatu:e of the liquid a
shade over 39° Fahr.

310. At this temperature, then, water at-
tains its maximum density.

311. Seven degrees below this temperature,
or at 32° Fahr., the liquid begins to turn into
solid crystals of ice, which you know swims
upon water because it i3 bulkier for a given
weight. In fact, this balt of the uppreach-
ing molecules at the temperature of 897, i3
but the preparation for the subsequent act of
crystallization, in which the expansion léy
cold culminates. Up to the point of solidifi-
cation the increase of volume is slow and
gradual ; while in the act of solidification it
1s sudden, and of overwhelming strength.

312. By this force of cxpansion the Iloren-
tine Academicians long ago burst a sphero
of copper nearly three quatters of an inch in
thickness. By the same force the celebrated
astronomer Huyghens burst in 1667 iron can-
nons a finger breadth thick. Such expen-
ments have been frequently made sines.
Major Williams during a severe Quebec win-
ter filled a mortar with water, and closed it
by driving into its muzzle a plug of woonl.
Exposed to a temperature 50° Fahr. below
the freezing point of water, the metal resist-
cd the strain, but the plug gave way, being

rojected to a distance of 400 feet. At
WVarsaw howitzer shells bave been thus ex-
ploded ; and you and I have shivered thick
bomb-shells to fragments by placing them
for half an hour in a freezing mixture,

313. The theory of the shafts’ and pits re-
ferred to at the beginning of this section is
this : The water at the surface of the shaft
is warmed by the sun, say to a temperature
of 39° Fahr., The water at the lLottom, iu
contact with the ice, must be at 32° or near
it. The heavier water i3 therefore at the
top ; it wiil descend to the bottom, melt the
ice there, and thus deepen the shaft.

314. The circulation here referred to un-
doubtedly goes on, and some curious effects
are due 1o it ; but not, I think, the one here
ascribed to it.  "T'he deepening of a shaft im-
plies a quicker melting of its bottom than of
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the surtace of the glacier. It is not easy to
see how the fact of the solar heat being first
absorbed by water, and then conveyed by it
to the bottom of the shaft, should make the
melting of the bottom meore rapid than that
of the jce which receives the direct impact
of the solar rays. The surface of the glacicr
must sink af least as rapidly as the bottom of
the pit, so that the circulation, though actu-.
ally existing, cannot produce.the effect as-
cribed to it,

§ 46. CONSEQUENCES FLOWING FROM THE
FOREGOING PROPERTIES OF WATER —
CORRECTION 'OF ERRORS.

313. I was not much above your age when
the property of water ceasing to contract by
cold at a temperaturc of 39~ Falr. wus made
known to me, and 1 still remember the 1m-
pression it made upon me. For I was asked
to consider what would occur in case this
solitary exception to an otherwise universal
law ceased to exist.

816. I was asked to reflect upon the con-
dition of a lake stured with fish and «ffering
its sarface to very cold air. It was made
clear 10 me that the water on being first
chilled would shrink in volume and become
heavies, that it would theirefore sink and
have its p'ace supplied by the warmer and
lighter water from the deeper portivns of the
lake.

817. Tt was pointed out to me that without
the law referred to this process of circulation
would go on until the whole watcr of the
lake had been lowered 1o the freezing tem-
perannte.”  Congelation would then begin,
and would continue as long as any waler re-
mained to be sulidified.  One consequence of
this would be to destioy every living thing
vontained in the lake. Other calamities
were added, all of which were said to be
prevented by the perfectly exceptional ar-
rangement, that after a certain time the coider
water becomes the lighter, floats on thie sur-
face of the lake, is there congealed, thus
throwing a protecting roof over the life
below.

318. Count Rumford, one of the most solid
of scientific men, writes in the following strain
about this question : ¢ It does not appear to
me that there is anything which human
sagacity can fathom, withm the wide-cxtend-
ed bounds of the visible creation, which
affords a more siriking or more palpable
proof of the wisdom ot the Creator, and of
the special care He has taken, in the gencral
arrangement of the univeise, to preserve ani-
mal hfe, than this wonderful contrivance.

319. ¢ Let me beg the attention of my
1eaders while 1 endeavor to investigate this
most interesting subject : and let me at the
seme time bespeak his candor and indul-
gence, I feel the danger to which a mortal
cxposes limself who has the temerity to ex-
pliin the designs of Infinite Wisdom. The
enterprise is adventurous, bat it surcly can-
not be improper.

320. *“Had not Providence interfered cn
Ahis occasion in a manner which may well
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be considered as m.raculous, all the fresh

vater within the polar circle must inevitably
have been frozen to a very great depth in
winter, and cevery plant and tree destroyed.”

821, Through many pages of Ins book
Count Rumford continues in this strain to
expound the ways and intentions of the Al-
mighty, and he does not hesitate to apply
very harsh words 1o those who canuot share
his noticns. e calls them hardencd and de-
We are-liere warned of the fact,
which is tov often forzotten, that the pleas-
ure or comfort of a belief, or the wannth or
exaltation of feeling which it produces, is no
guarantee of its truth.  For the whole of
Count Rumford’s delight and enthusiasm in
connection with this subject, and the whole
of his ire against those who did not share his
opinions, were founded upon an erroneous
notion.

522. Water is not a solitary exception to
an otherwise general law, There are other
molcceules than those of this tiquid which re-
quire more room in the solid ciystalline con-
dition than in the adjucent molten conditien,
Iron is a case m pumt.  Solid iren fioats
upon molten iron cxactly as ice floats upon
water,  Bismuth is a still more impressive
case, and we could shiver a bomb as cer-
tainly by the solidification of bismuth as by
that of water, There is no fish to be taken
care of here, still the *‘ contrivance” is the
same.

323. I am reluctant to mention them in
the same breath with Count lumiord, but L
am told.that in our own day there ure people
who profuss to find the comtorts of a religion
in a superstition lower than any that has
hitherto degraded the civilized human mind.
So that the Aappiness of a tuith and the truth
of a faith are two totaily difterent things.

324. Life and the conditions of life are in
necessary haimony. This is a truism, for
without the suitable conditions life could not
exist. But both life and its conditions set
forth the operations of inscrutsble Power.
‘We know not its origin ; we know not its
end. And the presumption, if not the deg-
radation, rests with those who place upon
the throne of the uviverse a magniiied image
of themselves, and make its doings a mere
colossal mmitation of their own.

& 47. Toe MoLECULAR MECHANISM OF
WATER-CONGELATION.

325. But let us return to our science.
ITow are we to picture this act of expansion
on the part of freezing water ¥ By what oper-
ation do the molecules demand with such
irresistible emphasis more room in the solic
than in the adjacent liquid condition? In all
cases of this Kind we must derive our con.
ceptions from the world of the senses, and
transfer them afterward to a world transcend-
ing the range of the senses.

826. You have not forgotten onr conver-
sation regarding ‘‘ atomic poles’’ (§ 10), and
how the notion of polar force came to be ap-
plied to erystals. With this fiesh in your
memory, you will have no great difficulty
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In understanding how expansion of voiume
may accompany the act of crystallization.

327. T place a number of magnets before
you. They, as matter, are affected by grav-
ity, and, if perfectly free, they would move
toward cach other in obedience to the attrac-
tion of gravity.

328. DBut they are not only matter, but
magnetic matter. They not only act upon
each other by the simpie force of gravity,
but by the polar force of mugnetism. Im.
agine them piaced at a distance from cach
other, and perfectly free to move. Gravity
first makes itsclf felt and draws them to-
sether, For a time the magnetic force issu-
ing from the poles is insensible ; but when a
certain nearness is attained, the polar force
comes into play. The mutually attracting
points close up, the mutually repellent points
retreat, and it is easy to sce that this action
may produce an arrangement of the magnets
which requires more room. Suppose them
surrounded by a box which exactly incloses
them at the moment the polar foree first
comes into play. It is easy to see that in ar-
ranging themselves subsequently the repelled
corners anid ends of the magnets may be
caused to press avainst the gides of the bex,
and even to burst ii, if the forces be suffi-
ciently strong.

329. Here then we have a conception which
may be applied to the molecules of water.
They, like the magnets, . are acted upon hy
two distinet forces. For a time, while tha

Fia. 11.

l!?luid is being cooled they approach each
other, in obedience to their gencral atiraction
for each other. But at a certal: point new
Qrces, some attractive, some repuisive, ena:,
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nating from &ecial poinis of the mrlecules,
come into plav. The attracted points close
up, the repelled points retreat. Thus the
molecules turn and rearrange themselves,
demanding, as they do so, more space, and
overcoming all ordinary resistauce by the
energy of their demand. This, in general
terms, is an explanation of the expansion of
water in solidifying : it would be easy tc
construct an apparatus for its illustration.

§ 48. Tur DirT BanDs oF TOE MER DE
GLACE.

330. Pass from bright sunshine into a
moderately lighted room ; for a time all ap-
pears so dark that the objects in the room are
not to be clearly distinguisbed. it violent-
ly by the waves of light (§ 3) the optic nerve
is numbed, and requires time to recover its
sensitiveness.

331, It is for this reason that T choose the
present hour for a special observation on the
Mer de Glace. The sun has sunk behind the
1idgé ¢f Charmoz, and the surface of the
glacier is in sober shade. The main portion
of our day’s work is finished, but we have
still sufficient energy to climb the slopes ad-
jacent 1o the Montanvert to a height of a
thousan- feet or thereabout above the icc.

£32. We now look fairly down upon the
glacier, and sce it less foreshortened than
from the Montanvert. We notice the dict
overspreading ' its eastern side, duc to the
crowding together of its medial moraines.
e see the comparatively clean surface of
the Glacier du Géunt ; but we notice upon
this surface an appearance which we have
not hitherto scen. It is crossed by a series
of gray bent bands, which follow each other
in succession, from Tréaporte downward.
We count eighteen of these from our present
position.  (See sketch, Fig. 13.)

233. These are the Dirt Bands of the Mer
de Glace ; 1hey were first observed by Pro-
fessor Forbes in 1842,

334. They extend down the glacier further
than we can se¢ : and if we cross the valley
of Chamouni, aml climb the mountains
at the opposite side, to a point near the
little auberge, called La Flégére, we shall
commanil g view of the end cf the glacicr
and observe the completion of the series cf
bands. We notice that they are confined
throughout tothe portion of the glacier de-
rived fromn the Col du Géant. (Sce sketeh,
Fig. 11.)

335. We must trace them to their source.
You know how ncble aml cemplete a view
is obtained of the glacier and Col de Géant
from the Cleft Station above Trélaiporte.
Thither we must once more climb: and
thence we can see the suceession of Lamls
stretching downward to the Mouotanvert,
and upward to the base of the ice-caseade
upon the Glacier du Géant, The cascade ig
evidently concerned in their formation. (See
gketch, Fig. 13.)

836. And how ? Simply enough. The gla-
cier, as we know, is broken transversely st the
summit of the ice-fall, and descends the de-
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clivity in a series.of great transverse ridges.
At the base of the fall, the chasms are
closed, but the ridges in part remain, forming
protuberances, which run like vast wrinkles
across the glacier. These protuberances are
more and more bent because of the quicker
motion of the centre, and the depressions be-
tween them form receptacles for the fine
mud anc débris washed by the little rills from
tLe adjacent slopes.

337. The protuberances sink gradually
through the wasting action of the sun. so
that long before Trelaporte is reached they
have wholly disappeared. Not so the dirt of
which they were the collectors : it continues
to occupy, in transverse bands, the flat sur-
face of the glacier. At Trélaporte, moreover,
where the valley becomes narrow, the bands
are much sharpened, obtaining there the
character which they afterwaird preserve
throughout the Mer de Glace. Other glaciers
with cascades also exhibit similar bands.

§ 49. SEA IcE AND ICEBERGS.

338. We are now equipped intellectually
for a campaign into another territory. Water
becomes heavier and more difficult to freeze
when salt is dissolved in it. Sea water is
therefore heavier than fresh, and the Green-
land Ocean requires to freeze it a temperature
34 degrees lower than frcsh water. When
concentrated till its specific gravity reaches
1.1045, sea water requires for its congelation
a temperature 18} degrees lower than the or-
dinary freezing-point.

339. But even when the water is saturated
with salt, the crystallizing force studiously
rejects the salt, and devotes itself to the con-
gelation of the water alone. Hence the ice
of sea water, when melted, produces fresh
water. The only saline particles existing in
such ice are those entangied mechanically in
its pores, They have no part or lot in the
structure of the crystal.

840. This exclusiveness, if 1 may use the
term, of the water molecules ; this entire re-
jection of all foreign elements from the edi-
fices which they build, is enforced to a sur-
prising degree. Sulphuric acid has so strong
an affinity for water that 1t is one of the most
powerful agents known to the chemist for
the removal of humidity from air. Still, as
shown by Faraday, when a mixture of sul-
phuric acid and water is frozen, the crys-
tal formed is perfectly sweet and free from
acidity, The water alone has lent itself to
the crystallizing force.

341. Every winter in the Arctic regions
the sea freezes, roofing itself with ice of
enormous thickness and vast extent. By the
summer heat, and the tossing of the waves,
this is broken up ; the fragments are drifted
bly winds and borne by currents. They
clash, they crush each other, they pile them-
selves into heaps, thus constituting the chief

_danger encountered by mariners in the polar
seas.

342. But among the drifting masses of flat
sea-ice, vaster masses sail, which spring from
% wotally different source  These are the Zes-
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bergs of the Arctic seas; They rise some.-
times to an elevation of hundreds of feet
above the water, while the weight of ice sub-
merged is about seven times that seen above.

343. The first observers of striking natural
phensmena generally allow wonder and im-
agination more than their due place. But to
exclude all error arising from this cause, I
will refer to the journal of a cool and intrepid
Arctic navigator, Sir Leopold MeClintock.
He describes an iceberg 250 feet high, which
was aground in 500 feet of water. This
would make the entire height of the berg 730
feet, not an unusual altitude for the greater
icebergs.

344. From Baffin’s Bay these mighty masses
come sailing down through Davis’ Btraits into
the broad Atlantic. A vast amoant of heat
i3 demanded for the simple liquefaction of ice
(8§ 48); and the melting of icebergs is on this
account so slow, that when large they some-
times maintain themselves till they have been
drifted 2000 miles from their place of birth.

845. What is their origin? The Arctic
glaciers. From the mountains in the interior
the indurated snows slide into the valleys and
fill them with ice. The glaciers thus formed
move like the Swiss ones, incessantly down-
ward. But the Arctic glaciers reach the sea,
enter it, often ploughing up its bhottom iato
submarine moraines.. Undermined by the
Iapping of the waves, and unable to resist the
strain imposed by their own weight, they
break across, and discharge vast masses into
the ocean. Some of these run aground on
the adjacent shores, and often maintain
themselves for years. Others escape south-
ward, to be finally dissolved in the warm
waters of the Atlantic. The first engraving
on this page is copied from a photograph
taken by Mr. Bradford during a recent ex-
pedition to the Northern seas. The second
represents a mass of ice upon the Glacier
des Bossons. Their likeness suggests their
common origin. -

§ 50. THE ALGGISCHIORN, THE MARGELIN
@SEE AND ITS ICEBERGS.

346. 1 am, however, unwilling that you
should quit Switzerland without secing such
icebergs as it can show, and indeed there are
other still nobler glaciers taan the Mer de
Glace with which you ought to be ac-
guainted. In tracing' the Rhone to its
source, you have alrea&y ascended the valley
of the Rhone. Let us visit it again together ;
halt at the little town of Viesch, and go from
it straight up to the excellent hostelry on the
slope of the Aggischhorn. This we shall
make our headguarters while we explore
that monarch of European ice-streams—the
great Aletsch glacier.

347. Including the longest of its branches,
this noble ice-river is about twenty miles
long, while at the middle of its trunk it meas-
ures nearly a mile and a quarter from sido
to side. The grandest mountains of the Ber-
nese Oberland, the Jungfrau, the Monch, the
Trugberg, the Aletschhorn, the Breithorn,
the Gletschierhorn, and many another noble
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ak and ridge, are tue collectors of its neves.

rom three great valleys formed in the heart
of the mountains these névés are poured,
uniting together to form the trunk of the
Aletsch at a place named by a witty moun-
taineer, the *‘ Place de la Concorde of Na-
ture.” If the phrase be meant to convey
the ideas of tranquil grandeur, beauty. of
furm. and purity of hue, it is well bestowed.,

343. Our hotel is not upon the peak of the
Aiggischhorn, but a brisk morning walk
soon piaces us upon the top. ‘f'hence we see
the glacier like a broad river stretching up-
ward to the roots of the Jungfrau, and
downward past the Bel Alp toward its end:
Prolunging the vision downward, we strike
the noblest mountain group in all the Alps—
the Dom and its attendant peaks, the Matter-

OF WATER

horn and the Weisshorn. The scene indeed
is one of impressive grandeur, a multitude of
peaks and crests here unnamed contributing
to its glory.

349. But low down to our right, and sur-
rounfled by the sheltering mountains, is an
object the beauty of which startles those who
are unprepared for it.  Younder we sce the
naked side of the glacier, exposing glistening
ice-cliffs sixty or seventy feet high. It
would seem as if the Aletseh here were cn-
gaged in the vain attempt to thrust an arm
through a lateral valley. It oncedid so ; but
the arm is now incessantly broken off close
to the body of the glacier, a great space for-
merly covered by the ice being occupied by
its water of liquefaction, A lake of the love-
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to the base of the ice-cliffs, saps them, as the
Arctic waves sap the Greenland glaciers, and
receives from them the broken masses which
it has undermined. As we look down upon
the lake, small icebergs sail over the tranquil
surface, cach resembling a snowy swan ac-
companied by its shadow.

350. This is the beautiful little Jake of
Mirgelin, or, as the Swiss here call it, the
Mirgelin Sce. You see that splash, and imme-
diately afterward hear the sound of the plung-
ing ice. The glacier has broken before our
eyes, and dropped an iceberg into the lake.
All over the lake the water is set in commo-
tion, thus illustrating on a small scale the
swamping waves produced by the descent of
vast islands of ice from the Arctic glaciers,
Look to the end of the lake. It is cumbered
with the remnants of iccbergs now agiouad,
which have been in part wafted thither by
the wind, but in part slowiy borne by the
water which moves gently in this dircction.

251. Imagine us below upon the margin of
the lake, as I happened to be on one oceasion.
There is one large and lonely iceberg about
the middle. Suddenly a sound like that of a
cataract is heard ; we look toward the ice-
berg and see water teeming from its sides.
Whence comes the water ? the berg has be-
come top-heavy through the melting under-
neath ; it is in the act of performing a somer-
sault, and in rolling over carries with it a
vast quantity of water, which rushes like a
waterfall down its sides. And notice that the
iceberg, which a moment ago was snowy-
white, now exhibits the delicate blue color
characteristic of compact ice. It will soon,
however, be rendered white agaiu by the ac-
tivn of the sun. The vaster 1cebergs of the
Northern seas sometimes roll over in the
same fashion. A week may be spent with
delight and profit at the Aggischhorn,

§ 51. Tus Ben Avp.

352. From the Aggischhorn T might lead
you aloug the mountain ridge by the Betten
See, the fish of which we have already
tasted, to the Rieder Alp, and thence across
the Aletseh to the Bel Alp. This is a fine
mountain ramble, but you and I prefer mak-
ing the glacier our highway downward.
Easy at some places, it is by no means child’s
play at others to unravel its crevasses. But
the steady constancy and close observation
which we have bitherto found availing in
difficult places do not forsake us here. We
clear the fissures; and, after four hours of
exhilarating work, we find ourselves upon the
slope leading up to the Bel Alp hotel,

853. This is one of the finest halting-places
in the Alps. Stretching before us up to the
Aiggischhorn and Mirgelin See is the long
last reach of the Aletsch, with its great me-
dial moraine running along its back. At hand
is the wild gorge of the Massa, in which the
snout of the glacier lies couched like the head
of a serpent. The beautiful system of the
Oberaletsch glaciers is within easy reach.
Above us is a peak called the Sparrenhborn,
accessible to the most moderate climber, and

in

on the summit of which little more than an
hour’s exertion will placé you and me. Below
us now is the Oberaletsch glacier, exhibiting
the most perfect of medial moraines, Nearu3
is the great mass of the Aletschhorn, clasped
by its névés, and culminating in brown rock.
It is supported by other peaks almost as noble
as itself. The Nesthorn is at hand ; while
sweeping round to the west we strike the
glotious triad already referred to, the Weiss-
horn, the Matterhorn, and the Dom., Take
one glance at the crevasses of the glacier im-
mediately below us. It tumbles at its end
down a steep incline, and is greatly riven.
But the crevasses open before the stecp part
is reached, and you notice the coalescence of
marginal and transverse crevasses, prodic-
ing a system of curved fissures with the con-
vexities of the curves pointing upward.
The mechanical reason of this is now known
toyou. The glacier-tables are also numerous
and fine. I should like te linger with you
here for a weck, exploring the existing gla-
ciers. and tracing out the evidences of others
that have passed away.

§ 52. THE RIFFELBERG AND GORNER

GLACIER.

354. And though our meoasurements and
observations on the Mer de Glace are more
or less representative of all that can be made
or solved elsewhere, I am unwilling to leave
you unacquainted with the great system of
glaciers which stream from the northern
slopes of Monte Rosa and the adjacent moun-
tains. From the Bel Alp we can descend to
Brieg, and thence drive to Visp; but you
and I-prefer the breezy heights, so we sweep
round the promontory of the Nessel, until we
stand over the Rhone valley, in front of Visp.
From this village an hour’s walking carries
us to Stalden, where the valley divides inte
two branches : the one leading through Saas
over the Monte Moro, and the other througi
St. Nicholas to Zermatt. The latter is oar
route.

355. We reach' Zermatt, but do not halt
there. On the mountain ridge, 4000 feet
above the valley, we discern the Riffelberg
hotel. 'This we reach. Right in front of us
is the pinnacle of the Matterhorn, upon the
top of which it must appear incredible to you
that a human foot could ever tread. Con-
stancy and skill, however, acccmplished this,
but in the first instance at a terrible price. 1in
the little churchyard of Zermatt we have seen
the graves of two of the greatest mountaineers
that Savoy and England have produced ; and
who, with two gallant young companions, fell
from the Matterhorn in 1860.

356. At the Riffelberg we are within an
hour’s walk of the famous Gdrner Grat,
which commands so grand a view of the
glaciers of Monte Rosa. But yonder huge
knob of perfectly bare rock, which is called
the Riffelhorn, must be our station. What
the Cleft Station is to the Mer de Glace, the
Riffelhorn is to the Gorner glacier and its
tributaries. From its lower side the rock,
easy as it may scem, is inaccessible. Iere
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indeed, in 1865, a fifth good man met his ena,
snd he also lies beside his fellow-countrymen
in the churchyard of Zermatt. Passing a
little tarn, or lake, called the Riffel See, we
assail the Riffelhorn on its upper side. It is
capital rock-practice to reach the summit ;
and from it we command a most extraordi-
nary scene. -

357. The huge and many-peaked mass of
Monte Rosa faces us, and we scan its snows
from bottom to top. To the right is the
mughty ridge of the Lyskamm, also laden
with snow ; and between both lies the West-
er Glacier of Monte Rosa. This glacier
meets another from the vast snow-fields of
the Cima di Jazzi; they join to form the
Gorner glacier, and from their place of junc-
tion stretches the customary medial moraine.
On this side of the Lyskamm rise two heau-
tiful snowy eminences, the Twins Castor and
Pollux ; then come the brown crags of the
Breithorn, then the Little vatterthorn, and
shen the broad snow-fleld of the Théoudule,
out of which ¢prings the Great Matterkorn,
and which you and I will cross subsequentiy
into Ltaly.

353. The valleys and depressions between
these mountains are filled with glaciers.
Down the flanks o1 the Twin Castor comes
the Glacier des Jumeaux, from Pollux comes
the Schwartze glacier, from the Breithorn
the Trifti glacier, then come the Little Mat-
terhorn glacier and the Théodule glacier,
eacli, as it welds itself to the trunk, carrying
with it its medial moraine. We can count
nine such moraines from our present posi-
tion. And to a still more surprising degree
than on the Mer de Glace, we notice the
power of the ice to yield to pressure; the
broad névés being squeezed on the trunk of
the Gorner into white stripes, which become
ever narrower oetween their bounding mo-
raines, and finally disappear under their own
shingle.

859. On the two main tributaries we also
notice moraines which seem in each case to
rise from the body of the glacier, appearing
in the middle of the ice without any apparent
origin hicher up. These at their sources
are sub-glacial moraines, which have been
rubbed away from rocky promontories en-
ticely covered with ice. "They lie hidden for
a time in thie body of the glacier, and appear
at the surface where the ice above them has
been melted away by the sun.

360. This is the place to mention a nction
long entertained by the inhabitants of the
Ligh Alps, that glaciers possess the power of
thrusting out all impurities from them. On
the Mer de Glace you and I have noticed
large patches of clay and black mud which
evidently came from the body of the glacier,
and we can therefore understand how natural
was this notion of extrusion to people unac-
customerl to close observation. But the
power of the glacier in this respect is in
reality the power of the sun, which fuses the
ice above concealed imparities, and, hke the
bodies cf the guides on the Glacier des Bos-
sons (143) brings them to the light of day -
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'861. On no other glacier will you tfind more
objects of interest than on the Gérner. Sand
cones, glacier-tables, deep ice-gorges cut by '
strecams and bridged fantastically sy bould-
ers, moulins, sometimes arched ice-caverns
of extraordinary size and besuty. On the
lower part of the glacier we notice the par-
tial disappearance of the medial morsine in
the crevaases, and its reappearance at the foot
of the incline. For many years this glacier
was steadily advancing on the meadow in
front of it, ploughing up the soil and over-
turning the chilets in its way. It now shares
in the general reticat exhibited during the
last fifteen years among the glacicis of the
Alps. As usual, a river, the Visp, rushes
from a vault at the extrewity of the Gorner
glacier.

§ 63. ANCIENT GILACIERS OF SWITZERLAND,

362. Youa have not lost the memory of the
old moraine, which interested us so much in
our first ascent from the source of the Arvei-
ron : for it opened our minds to the fact that
at one period of its history the Mer de Glace
attained far greater dimensions than it now
exhibits. Our experience since that time
has enabled us to pursue these evidences of
ice action to an extent of which we had then
no notion.

363. Close to the existing glacier, for ex-
ample, we have repeatedly seen the monutain-
side laid bare by the retreat of the ice. This
is especially conspicuous just now, because
for the last fifteen or sixteen years the glaciers
of the Alps have been steadily shrinking ; so
that it is no uncommon thing to see the mar-
ginal rocks laid bare for a height of fifty,
sixty, eighty, or even one hundred feet above
the present glacier. On the rocks thus ex-
posed we see the evident marks of the slid-
ing ; and our eyes and minds have been so
educated in the observation of these appear-
ances that we are now able to detect, with
certainty, icemarks, or moraines, ancient or
morlern, wherever they appear.

364. But the clevations at which we have
found such evidence might well shake belief
in “the conclusions to which they point.
Beside the Massa Gorge, at 1000 feet above
the present Aletsel, we found a great old
moraine. Descending the meadows between
the Be! Alp and Platten, we found another,
now clothed with grass, and bearing a village
on its back. But I wish to carry youtoa
region which exhibils these evidences on a
still grander and more impressive scale. We
have already taken a brief flight to the valley
of Hasli and the Glacivr of the Aar. Letus
make that glacier our starting-point. Walk-
irg from it downward toward the Grimsel,
we pass everywhere over rocks singularly
rounded, ant fluted, and scarred. These
appearances are manifestly the work of the
glacier in recent times.  But we approacli the
Grimsel, and at the turning of the valley
stand before the precipitous granite flank of
the mountain. The traces of the ancient ice
are here as plain as they ate amazing.  The
rocks are so hard that not only the fluting
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and polishing, but even the fine scratches
s7hich date back unnamable thousands of
years are as evident as if they had been made
yesterday. We may trace these evidences to
a height of two thousand feet above the pres-
ent valley bed. It is indubitable that an
lee-river of this astounding depth once flowed
through the vale of Hasli.

365. Yonder is the summit of the Siedel-
k rn; and if we gain it the Unteraar glacier
wl lic like a map below us. From this
commmauding point we piainly see marked
upon the mountain-sides the height to which
the ancient ice extended. The ice ground
part of the mountains is clearly distinguished
srom the splintered crests which in those dis-
tant days rose above the surface of the glacier,
and which must have then appeared as island
peaks and crests in the midst of an ocean of

ice.

866. We now scamper down the Siedelhorn,
get once more into the valley of Hasli, along
which we follow for more than twenty miles
the traces of the ice.  Fluted precipices, pol-
ished slabs, and beautifully-rounded granite
domes. Right and left upon the mountain
flanks, at great elevations, the evidences ap-
pear. We follow the footsteps of the glacier
1o the Lake of Brientz ; and if we prolonged
our inquiries, we should learn that all the
lake beds of this region, at the time now re-
fczrg'ed to, bore the burden of immense masses
of ice.

367. Instead of the vale of Hasli, we might
take the valley of the Rhone. The traces of
a mighty glacier, which formerly filled it,
may be followed all the way to Martigny,
which is 60 miles distant from the present
ice. At Martigny the Rhone glacier was re-
inforeced by another from Mont Blanc, and
the welded masses moved onward, planing
the mountains right and left, to the lake of
Aleneva, the basin of which they entirely
dlied. Otherevidences prove that the glacier
did not end here, but pushed across the low
eountry until it encountered the limestone
barrier of the Jura Mountains,

§ 54. ErRraTIC BLOCKS.

868. What are these other cvidences? We
have seen mighty rocks poised on the mo-
raines of the Mer de Glace, and we now know
that, unless they are split and shattered by
the frost, these rocks will, at some distant
day, be landed bodily by the Glacier des Bois
in the valley of Chamouni. You have al-
ready learned that these boulders often reveal
the mineralogical nature of the mountains
among which the glacier has passed ; thai
specimens are thus brought down of a char-
acter totally different from the rocks amonyg
which they are finally landed ; this is strix-
ingly the case with the erratic blocks strandel
along the Jura.

. 36Y. For the Jura itself, as already stated,
13 limestone ; there is no trace of native
granite to be found among these hills. Still
along the breast of the mountain above the
town of Neufchitel, and at about 800 feet
above the lake of Ncufchitel, we find
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stranded a belt of granite boulders from
Mont Blane. And when we clear the soil
away from the adjacent mountain-side, we
find upon the limestone rocks the scarrings
of the ancient glacier which brought the
boulders here.

370. The most famous of these rocks,
called the Pierre & B4t, measures 50 feet in
length, 40 in height, and 20 in width. Mul-
tiplying these three numbers together, we
obtain 40,000 cubic fecet as the volume of the
boulder.

371. But this is small compared to some
of the rocks which constitute the freight of
even recent glaciers. Let us visit another of
them. We have already been to Stalden,
where the valley divides into two branches,
the right branch running to St. Nicholas and
Zermatt, and the left one to Saas and the
Monte Moro. Three hours above iaas we
come upon the end of the Ailelein glacier,
not filling the main valley, but thrown
athwart it 50 as to stop its drainage (ke a dam,
Above this ice-dam we have the Mattmark
Lake, and at the head of the lake a small inn
well known to travellers over the Moute Moro.

372. Close to this inn i3 the greatest bould-
er that we have ever seen. 1t measures
240,000 cabic feet. Looking across the val-
ley we notice a glacier with'its present end
half a mile from the boulder. The stone, [
believe, is serpentine, and were you and I to
explore the Schwartzberg glacier to ifs upper
fastnesses, we should find among them the
birthplace of this gigantic stone. Four-and-
forty years ago, when the glucier reached the
place now occupied by the boulder, it landed
there its mighty freight, and then retreated.
There s a second ice-borne rock at hand,
which would be considered vast were it not
dwarfed by the aspect of its huger neighbor,

373. Evidence of this kind might be multi.
plied to any extent. 1In fact, at this moment,
distinguished men, like Professor Favre of
Geneva, are determining from the distribu-
tion of the erratic blocks the extent of the
ancient glaciers of Switzerland., It was,
however, an engineer named Venctz that first
brought these evidences to light, and an-
nounced to an incredclous world the vast
exteusion of the ancient ice. M. Agassiz
afterwvard developed and wonderfully ex-
panded the discovery. Pehaps the most ik-
teresting observation regarding ancient gla-
ciers is that of Dr. ITooker, who, during a
recent visit to Palestire, found the celebrated
Cedars of Lebanon growing upon ancient
moraines.

8 55. ANCIENT GLACIERS OF ENGLAYD,
IRELAND, SCOTLAND, AND YALES.

374. At the time the ice attained this extra-
ordinary development in the Alps, many
other portions of Europe, where no glaciers
now exist, were covered with them. Inthe
Highlands of Scotland, among the mountuins
of England, Ireland, and Wales, the ancient
glaciers have written their story as plainly
as in the Alps themsclves IsLould like te
wander with you through Borrodale in Cum.



124

berland, or through the valleys near Beth-
gellert in Wales. Underall the beauty of the
present scenery we should discover the me-
morials of a time when the whole region was
locked ia the embrace of ice, Professor
Ramsay is especially distinguished by his
wrilings on the ancient glaciers of Wales,

875. We have made the acquaintance of
the Reeks of Magillicuddy as the great con-
densers of Atlantic vapor. At the time now
referred to, this moisture did not fall as soft
and fructifying rain, but as snow, which
formed the nutriment of great glaciers. A
chain of lakes now constitutes the chief at-
traction of Killarney, the Lower, the Middle,
and the Upper Luke. Let us suppose our-
selves rowing toward the head of the Upper
Lake with the Purple Mountain to our left.
Remembering onr travels in the Alps, you
would infallibly call my aitention to the
planing of the rocks, and declare the action
to be unmistakably that of glaciers With
our attention thus gharpened, we land at the
heat of the lake, and walk up the Black
Valley to the bass of Magillicuddy’s Reeks.
Your conclusion would be, that this valley
tells a tale as wonderful as that of Hasli.

876. We reach our boat and row home-

ward along the Upper Lake. Its islands
now possess a new interest for us. Some of
them are bare, otliers are covered wlolly or
in part with lunxuriant vegetation ; but both
the naked and clothed islands are glaciated.
The weathering of ages has not altered their
forms; there are the Cannon Rock, the
Giant’s Collin, the Man-of-War, all sculp-
tured as if the chisel had passed over them in
our own lifetime. These lakes, now fringed
with tender woodland beauty, were all occu-
pied by the ancient ice. It has disappeared,
and seeds from other regions have been
wafted thither 1o sow the trees, the shrubs,
the ferns, and the grasses which now benu-
tify Killarney. Man himself, they say, has
made his appearance in the world since that
time of ice; but of the real period and manner
of man’s introduction little is professed to be
known since, to make them square with sci-
ence, new meanings have been found for the
beautiful myths and stories of the Bible.
* 877. It is the nature and tendency of the
human mind to look backward and forward ;
to endeavor to restore the past and predict
the future. Thus endowed, from data pa-
tiently and painfully won, we recover in
idea a siate of things which existed thou-
sands, it may be millions, of years before the
history of the human race began.

§ 56. THE GLrAcIAL Eroc.

378. This period of ice-extension has been
named the (lacial Epock. In accounting
for it great minds have fallen into grave er-
rors, as we shall presently see.

379. The substance on which we have
thus far been working exists in three differ-
ent states: as a solid in ice; as a liquid in
water; as a gas in vapor. o cause it to

ass from one of these states to the next fol-
owing one, Zeat is necessary.

TUHE FORMS OF WATER.

380. Dig a hole in the ice of the Mer de
Glace in summer, nnd pace a thermometer
in the hole ; it will stand nt 32° Fahr. Dip
yonr thermometer into one of the glacier
streams; it will still wmark 82°.  2'%e water is
therefore as cold us ice.

381, Hence the whole of the leat youred
by the sun upon the glacier, and which has
1 cen absorbed by the glacier, is expended in
simply liquefying the ice, and not in render-
ingeitherice or water a single degree warmer.

382, Expose water to a lire; it becomes
hotter for a time. It boils, and from that
moment it ceases to g-t hetter.  After it has
begun to boil, all the hext commuuicated by
the fire is carried away by the steam, though
the steam itself 1s not the least fraction f a de-
gree hotter than the water.

283. In fact, simply to liquefy ice a large
quantity of heat is necessary, and to vaporize
water a still larger quantity is necessary.
And inasmuch as this heat does not render
the water warmer than the ice, nor the steam
warmer than the water, it was at one time
supposed to be Liidden in the water and in the
steam. And it was therefore called latent
leat.

384. Let us ask how much heat must the
sun expend in order to convert a pound
weight of the tropical ocean into vapor?
This problem has Leen sccurately rolved by
experiment. It would require in ronnd num-
bers 1000 times the amount of heat necessary
to raise one pound ol water one degree in
temperature,

385. But the quantity of heat which would
raise the tempcrature of a pound of water
one degree would raise the temperature of a
pound of iron fen degrers. T'his has been
also proved by experiment. Hence to con-
vert one pound of the tropical ocean into
rapor the sun must expend 10,000 times as
much heat as would raise one pound of iron
one degree in temperature,

886. This quantity of lieat would raise the
temperature of 5 1bs, of iron 2000 degrees,
which is the fusing point of castiron ; at
this temperature che metal would not only be
white hot, but would be passing into the mol-
ten condition.

887. Consider the conclusions at which we
have now arrived. For every pound of
tropical vapor, or for every pouud of Alpine
ice produced by the congelation of that va-
por, an amount of heat has been expended
by the sun sufficient’'to raise 5 1bs. of cast-
iron to its melting-point.

383. It would not be difficult to calculate
approximately the weight of the Mer do
Glace and its tributaries—to say, for exam-
ple, that they contained so many millions of
millions of tons of ice and snow. Let the
place of the ice be taken by a mass of white-
hot iron of quintuple the weight; with such
a picture before your mind you get some
notion of the enormous amount of heat paid
out by the sun to produce the present glacier.

889. You must think over this, until it is
as clear as sunshine. For you must never
Lenceforth fall into the error already referred



to, and which has entangled so many. So
natural was the association of ice and cold,
that even celebrated men assumed that all
that is needed to produce a great extension
of our glaciers is a diminution of the sun’s
temperature, Had they gone through the
foregoing reflections and calculations, they
would probably have demanded more heat
instead of less for the production of a * gla-
cial epoch.” What they really needed were
condensers sufficiently powerful to *congeal
the vapor generated by the heat of the sun.

& 57. GLACIER THEORIES.

890. You have not forgotten, and hardly
ever can forget, our climbs to the Cleft Sta-
tion. Thoughts were then suggested which
we have not yet discussed. We saw the
branch glaciers coming down from their
névés, welding themselves together, pushing
through Trélaporte, and afterward moving
through the sinuous valley of the Mer de
Glace. These appearances alone, without
taking into account subsequent observa-
tions, were sufficient to suggest the idea that
glacier ice, however hard and brittle it may
appear, is really a viscous substance, resem-
bling treacle, or honey, or tar, or lava.

§ 53. DILATATION AXD SLIDING THEORIES,

891. Still this was not the notion expressed
by the majority of writers upon glaciers.
Scheuchzer of Zurich, a great naturalist, vis-
ited the glaciers in 1705, and propounded a
theory of their motion. Water, he knew,
expands in freezing, and the force of expan-
sion is 80 great that thick bomb-shells filled
with water, and permitted to freeze, are as
we know (312), shattered to pieces by the ico
within. Scheuchzer supposed that the wa-
ter in the fissures of the glaciers, freezing
there and expanding with resistless force,
was the power which urged the glacier
downward. lle added to this theory other
notions of a less scientifie kind.

392. Many years subsequently. De Char-

 pentier of Bex renewed and developed this

~

theory with such ability and completeness
that it was long known as Cnarpentier’s
Theory of Dilatation. . M. Agassiz for a tinie
espoused this theory, and it was aixo nore or
leas distinctly held by other writeis. " The
glacier, in fact. was considered to be a mag-
azine of cold, capable of freezing all water
percolating through it. The theory was
abandoned when this notion of glacier cold
was proved by M. Agassiz to be untenable.

393. In 1760, Altmann ard Griiner pro-

~ pounded the view that glaciers moved by

sliding over their beds. Nearly iorty years

-subsequently, this notion was revived by De

Saussure, and it has therefore been called

- ‘“De Saussure’s Theory,” or the ‘Sliding

- or any other theory of glaciers.

Theory,” of glacier motion.

394, There was, however, but little reason
to connect the name of De Saussure with this
Incessantly
oecupied in observations of another kind,

_ this celebrated man devoted very little time

or thought to the question of glacier motion.
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‘What he has written upon the subject reads
less like the elaboration of a theory than the
expression of an opinion.

§ 59. PrasTIC THEORY.

395. By none of these writers is the prop-
erty of viscosity or plasticity ascribed to gla-
cier ice; the appearances of many glaciers
are, however, 8o suggestive of thisidea that
we may be sure it would have !ound wore
frequent expression, were it not in such ap- -
parent contradiction with our every.day ex-
perience ofice.

396. Still the idea found its advocates. In
a little book, published in 1773, and entitled
‘‘Picturesque Journey to the Glaciers of
Savoy,” Bordier of Geneva  wrote thus:
“1t is now time to look at all these objects
with the eyes of reason; to study, in the
first place, the position and the progression
of glaciers, and to seek the solution f their
principal phenomena. At the first aspect of
the ice-mountains an observation presents it-
self, which appears sufficient to explain all.
It is that the entire mass of iceis connected
together, and presses from above downward
after the manner of fluids. Let us then re-
gard the ice, not as a mass entirely rigid and
immobile, but as a heap of coagulated
matter, or as softened wax, flexible and duc-
tile to & certain point.”” Here probably for
the first time the quality of plasticity is as-
cribed to the ice of glaciers.

397. To us, familiar with the aspect of the
glaciers, it must seem strange that this idea
once expressed did not at once receive recog-
nition and development. Butin those early
days explorers were few, and the * Pictur-
esque Journey” probably but little known,.
so that the notion of plasticity lay dormant
for more than half a century. But Bordier:
was at length succeeded by a man of far-
greater scientific grasp and insight than him-.
self. This was Rendu, a Catholic priest and.
canon when he wrote, and afterward Bishop.
of Annecy. In 1841 Rendu laid before the-
Royal Academy of Sciences of Savoy hisx
“Theory of the Glaciers of Savoy,”’ a con-
tribution forever memorable in relation tos
this subject.

398. Rendu seized the idea of glacier plas--
ticity with great power and clearness, andz
followed it resolutely to its consequences..
1t is not known that he had ever seen the-
work of Bordier ; probably not, as he never-
mentions it. Let me quote for you some of
Rendu’s expressions, which, however, fsil to
give an adequate idea of his insight and:pre-
cision of thought: ¢ Between the Mer de-
Glace and a river there is a resemblance so
complete that it is impossible to find in the.
glacier a circumstance which does not exist
in the river., In currents of water the mo-
tion is not uniform either throughout their
width or throughout their depth. The fric-
tion of the bottom and of the sides, with the
action of local hindrances, canses the motion
to vary, and only toward the.middle of the
surface do we obtain the full motion.”

399. This reads like a predicti~n of what
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has since been established by measurement.
Looking at the glacier of Mont Dolent, which
resembles a sheaf in form, wide at both ends
and narrow in the middle, and reflecting ttat
the upper wide part had become narrow, and
the narrow middle part again wide, Rcndu
observes, ‘‘ There iz a multitude of facts
which seem to necessitate the belief that gla-
cier ice enjoys a kind of ductility which en-
ables it to mould itself to its locality, to thin
out, to swell, and to contract as if it were a
soft paste.”’

400. To fully test his conclusions, Rendun
required the accurate measurement of glacier
motion. Had he added to his other cadow-

“ments the practical skill of a land-surveyor,
he would now be regarded as the prince of
glacialists. As it was he was obliged to be
content with imperfect measurements. In
one of his excursions he examined the guides
segarding the successive positions of a vast
rock which lie found upon the ice close to
the side of the glacier. The mean of five
years gave him a motion for this block of 40
fect a year.

401. Another block, the transport of which
he subsequently measured more accurately,
gave him a velocity of 400 feet a year, Note
his explanation of this diserepancy : *‘ The
enormous difference of these two observa-
tions arises from the fact that ene block
stood near the centre of the.glacier, which
moves most rapidly, while the other stood
near the side, where thie ice 1s held back by
friction.’”” So clear and definite were Rendu’s
ideas of the plastic motion of glaciers, that
had the question of curvature occurred to
him, I enlertain no doubt that he would
have enunciated beforehand the shifting of
the point of maximum motion from side to
side across the axis of the glacier (§ 25).

402. It is rizht that you should know that
scientific men do not always agree in their
¢stimates of the comparative value of facts
and ideas ; and it is especially right that you
should know that your present tutor attaches
a very high value to ideas when they spring
from the profound and persistent pondering
of superior minds, and are not, as is too
often the case, thrown out without the war-
rant of cither deep thought or natural capac-
ity. It is because I belicve Rendu’s labors
fulfil this condition that I ascribe to them so
high a value. But when you become older
and better informed, you may differ from
rae; and I write these words lest you should
too readily accept my opinion of Rendu.
Juadge me, if you care to do so, when your
knowledge is matured, I certainly shall not
tear your verdict.

403. But, much as I prize the prompting
idea, and thoroughly as I believe that often
in it the force of genius mainly lies, it would,
in my opinion, be an error of omission cf the
uravest kind, and which, if habitual, would
insure the ultimate decay of natural knowi-
«Jge, to neglect verifying our ideus, and giv-
1g them outward reality and substance when
*he means of doing so are at hand. In sci-
=nce, thought, as far as possible, ought to be
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wedded to fact. This was attempted by
Kendu, and in grest part a:complished by
Agassiz and Forbes.

& 60. Viscous THEORY.

404. cre indeed the merits of the distin-
guished glacialist last named rise conspicus
ously 1o view. TIiom the able and earnest
advocacy of Professor Forbes, the public
knowledge of this doctrine of glacial plastic-
ity is almost whelly derived. He gave the
doctrine a more distinctive form; he first
applie. the term eiscous to glacier ice, and
sought to found upon precise measurements
a ‘‘ Viscous Theory” of glacier motion.

405. 1 am here obliged to state facts in
their historic sequence, Professor Forbes
when he began his investigations was ac-
quainted with the labors of Rendu. In his
earliest work upon the Alps he refers to
those labors in terms of flaitering recogni-
tion. But though as a ma'ter of fact Ren- -
du’s ideas were there to promwpi him, it would
be too much to say that lie needed their in-
spiration. Had Rendu not preceded him,
he might none the less have grasped the idea
of viscositly, exccuting his measurements and
applying his knowledge to maintain it. Be
that as it may, the appearance of Professor
Forbes on the Unteraar glaciet in 1841, and
on the Mer de Glace in 1542, and his labors
then and subsequently, bave given him a
name not to be forgotten in the scientific his-
tory of glaciers.

406. The theory advocated by Professer
Forbes was enunciated by himself in these
words : . *“ A glacier is an imperfect fluid, or
viscous body, which is urged down slopes of
eertain inciination L the natural pressure of
its parts.”” In 1773 DBordier wrote thus:
*“ As the giaciers always advance upon the
plaic, and never disappear, it is absolutely
essential that new ice shall perpetually take
the place of that which is melted : it must
therefore be pressed forward frcm above.
One can hardly refuse then to accept the as-
tonishing truth, that this vast extent of haid
and solid ice moves as a single picce down-
ward.” In the pamsage alrcady guoted he
speaks of the ice being pressed as a fluid
from above. Theee constitute, I belicve,
Bordier’s contributions to this subject, The
quotations show his sagacity at an early
date; but, in point of compieteness, his
views are not to be compared with those of
Rendu and Forbes.

407. T must not omit to state here that
though the idea of viscosity has not been es-
poused by M. Agassiz, his measurements,
and maps of measurements, on the Unteraar
glacier have been recently cited as the most
clear and conclusive illustrations of a quality
which, at all events, closely resembles vis-
cosity. :

402{ But why, with proofs before him
more copious and characteristic than those of
any other observer, does M. Agassiz hesitate
to accept the idea of viscosity as applied to
ice? Doubtless because he believes the ne-
tion to be contradicted by our cvery-day ex-
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perience of the substance. |

409. Take a mass of ice ten or even fifteen
cubic feet in volume ; drew a saw across it
to a depth of half an inch or aninch ; and
strike a pointed pricker, not thicker than a
very small round file, into the groove; the
substance will split from top to bottom with
a clean crystalline fracture. How is this
brittleness to Le reconciled with the notion
of viscosity ?

410. We have, moreover, been upon the
glacier and have witnessed the birth of cre-
vasses, We have scen” them beginning as
narrow cracks suddenly formed, days being
1egaired to open them a single inch. In
many glaciers fissures may be traced narrow
and profound for hundreds of yards through
the ice. What does this prove? Did the
ice possess even a very small modicum of
that power of stretching, whicl is character-
istic of a viscous substance, such crevasses
couli not be formed.

411.° Still it is undoubled that the glacier
moves like a viscous body. The centre lows
past the sides, the top flows aver the bottom,
and the motion through a curved valley cor-
responds to fluid otion. Mr. Mathews,
Mr. Froude, and above all Signor Bianconi,
have, moreover, recently made experiments
on ice which strikingly illustrate the Hlexibil-
ity of the substance. These experiments

erit, and will doubtless receive, full atten-
tica at a future time.

§ 61. REcELATION THEORY.

412. I will now describe to you an attempt
that has been made of late years to reconcile
the brittleness of ice with its motion in gla-
ciers. It is founded on- the observation,
made by Mr. Faraday in 1850, that when
two pieces of thawing ice are placed to-
gether they frecze together at the place of
contact.

413. This fact may not surprise yoa ; still
it :@ prised Mr. Faraday and others, and
m:h of very great distinction in science have
differed in their interpretation of the fact.
The ditficulty is to explain where, or how, in
ice alrecady thawing the cold is to be found
requisite to freeze the film of water between
the two touching surfaces.

414, The word Regelation was proposed by
Dr. Hooker to express the freezing together
of two picces of thawing ice observed by
Yaraday ; and the memoir in which the term
was first used was published by Mr. Huxley
and Mr. Tyndall in the Philosophical Trans-
actions for 1837.

415. The fuc! of regelation, and its appli-
cation irrespective of the cause of regelation,
Inay be thus illustrated : Saw two slabs
from a block of ice, and bring their flat sur-
faces into contaet ; they immediately freeze
together. Two plates of ice, laid one upon
the other, with flannel round them over
night, are sometimes so firmly frozen in the
morning that they will rather break else-
wiicze than along their surface of junetion.
1f you erter one of the dripping ice-caves of
Switzerland, you have only, to press fora
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‘moment a slab of ice agairst the roof of tke
tave to cause it to freeze there and stick to
vhe roof.

416. Place a number of fragments of ice
in a basin of water, and cause them to touch
each other ; they freeze together where they
touch. You can form a chain of such frag-
ments ; and then, by taking hold of one end
of the chain, you can draw the whole series
after it. Chains of iccbergs are sometimes
formed in this way in the Arctic seas.

417. Consider what follows from these ob-
servations, Snow consists of small particles
of ice. Now it hy pressure we squceze out
the air entangled in thawing snow, and bring
the little ice-granules into close contact, they
may be expecied to freeze together ; and if
the expulsion of the air be complete, the
squeezed snow may be expected to assume
the appearance of compact ice.

418. We arrive at this conclusion by rea-
soning ; let us now test it by experiment,
employing a suitable hydraulic press, and a
mould to hold the snow. In exact accord-
ance with our expectation, we convert by
pressure the snow into ice.

419. Place a compact mass of ice in a
proper mould, and subject it to pressure. It
breaks in pieces ; squeeze the pieces forcibly
together ; they reunite by regelation, aud a
compact piecc of ice, totally different in
shape from the first one, is taken from the
rress. To produce this effect the ice mast be
in a thawing condition. When its tempera-
ture is much below the melting-point it is
cruashed by pressure, not into a pellucid
mass of another shape, but inlo a white
powder.

4%0. By means of suitable moulds you
may in this way change the shape of ice to
any cxtent, turning out spheres, and cups:
and rings, and twisted ropes of the sub-
stance ; the change of form in these cases
being effected through rude fracture and re-
gelation.

421. By applying the pressure carcfully,
rude fracture may be avoided, and the ice
compelled slowly to change its form as if it
were a plastic body.

422. Now our first experiment illustrates
the consolidation of the snows of the higher
Alpine regions. The deeper layers of the
neve have to bear the weight of all above
them, and are thereby converted into more or
less perfect ice. And our last experiment
illustrates the changes of form observed upon
the glacier, where, by the slow and constant
application of pressure, the ice gradually
moulds itself to the valley which it fills.

423, In glaciers, however, we bave also
ample illustrations of rude fracture and rege
lation. The opening and closing of crevasses
illustrate this. The glacier is broken on the
cascades and mended at their bases. When
two branch glaciers lay their sides together,
the regelation is so firm that they begin im-
mediately to tlow in the trunk glacier asa
single strteam. The medial moraine gives ne
indication by its slowness of motion that it is
derived from the sluggish ice of the sides of
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the branch glacicrs,

424, The gist of the Regelation Theory is
that the ice of gluciers changes its form and
preserves its continuity under pressure whicly
keeps its particles together. But when sub-
jeeted Lo tension, sooner than stretch it dreaks,
and behaves no longer as a viscous body.

& 62. CAUSE OF REGELATION.

435. Here the fact of regelation is applicd
to explain the plasticity of glacicr ice, no
attenupt being wade to assign the cause of
regelation itself. They are two entirely dis-
itinct questions.  Bat a little time will be
well spent in looking more closely into the
cause of regelation. You may feel some
surprise that eminent men should devote their
attention to so smali a point, but we must
not forget that in nature nothing is smull.
Laws and principles interest the scientific
student most, and these may be as well illus-
trated by small things as by large ones.

426. The question of regelation immediate-
ly connects itself with that of ** latent heat,”’
already referred to (383), but which we must
now subject to further examination, To
melt ice, as already stated, a large amount
of heat is necessary, and in the case of the
glaciers this heat 1s furnished Ly the sun.
Neither the ice so melted nor the water which
resuits from its liquefaction can fall below
32° Fahrenheit. The freezing-point of water
and the melting-point of ice touch each
other, as it were, at this temperatare. A
hair’s-breadth lower water ircczes ; a hair’s-
breadth higher ice melts.

427. But if the ice could be caused to melt
without this supply of solar heat, a tempera-
ture lower than that ¢f ordinary thawing ice
would result. When snow and salt, or
pounded ice and salt, are mixed together, the
salt causes the ice to melt, and in this way a
cold of 20 or 30 degrees below the freezing-
point may be produced. Here, in fact, the
ice consumes 8 own warmth in the work of
liquefaction. Such a mixture of ice and salt
is called ‘‘ a freezing mixture.”’

428. And if by any other means ice at the
temperature of 52° Fahrenheit could be
liquefied without access of lieat from with-
out, the water produced would be colder than
the ice. Now Professor James Thomson has
proved that icc may be liquefiea by mere
pressure, and his brother, Sir William Thom-
son, has also shown that water under press-
ure requires a lower temperature to freeze it
than when the pressure ‘is removed. Pro-
fessor Mousson subsequently liquefied large
masses of ice by a hydraulic press; and by
a beautiful experiment Professor Helmholtz
has proved that water in a vessel from which
the air has been removed, and which is
therefore relieved from the pressure of the
atmosphere, freezes and forms ice-crystdls
when surrounded by melting ice. All these
facts are summed up in the brief statement
inat the freezing-point of water is lowered by
pressure.

429. Yor our own instruction we may pro-
duce the liquefaction of ice by pressure in
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the following way: You remember the
beautiful flowers obtained when a sunbeam
is sent through lake ice (§ 11), and you have
not forgotten that the tlowers always form.
yarallel to the surface of freezing. ~ Let us
cut a prism, or small column of ice with the
planes of freezing 1unning across it at right
angles ; we place that prism between two
slabs of wood, and bring carefully to bear
upon it the squeezing force of a small Ly-
draulic press.

430. 1t is well to converge by means of a
concave mirror a good light upon the ice,
and to view it through a magnifyving lens,
You already see the resuit. Iazy surfaces
are formed in the very body ¢t the ice,
which gradually ex and as the pressure is
slowly augmentcu. Here and there you
notice something resembling crystallization ;
fern-shaped figures run with considerable
rapidity through the ice, and when you look
carefully at their points and edges you find
them in visible motion. ~ These hazy sur-
fuces are spaces of liquefaction, and the
motion you see is that-of the ice falling to
water under the pressure. That water is
colder than the ice was before the pressure
was applied, and if the pressure be relieved
not ouly does the liguetaction cease, but the
water re-freezes. _The cold produced by its
liquefaction under pressure is sufficient to
re-congeal it when the pressure is removed.

431. 1If instead of diffusing the pressure
over surfaces of consiieiable extent, we con-
centiate it on a small surface, the liquefac-
tion will of course be more rapid, and this is
what Mr. Bottomley has recently done in an
experiment of singular Leauty and interest.
Let us support on blocks of wood the two
ends of a bar of ice 10 inches long, 4 inches
deep, and 8 wide, and let us loop over its
middle a copper wire one twentieth, or even
one tenth, of an inch in thickness. Con-
necting the two ends of the wire together,
and suspending from it a weight of 12 or 14
pounds, the whole pressure of this weight is
concentrated on the ice which supports the
wire. What is the consequence? The ice
underneath the wire liquefies ; the water of
liquefaction escapes round the wire, but the
moment it is relieved from the pressure it
freezes, and round about the wire, even be-
fore it has entered the ice, you have a frozen
casing. The wire continues to sink in the
ice ; the water incessantly escapes, freezing
as it does so behind the wire. In half an
hour the weight falls; the wire has gone
clean through the ice. You can -plainly see
where it has passed, but the two severed
pieces of ice are so firmly frozen togetber that
they will break elsewhere as soon as along
the surface of regelation.

432. Another beautiful experiment bear-

.ing upon this point has recently been made

by M. Boussingault. IHe filled a Liollow steel
cylinder with water and chilled it. In pass-
ing to ice, water, as you know, expands
(§ 45) ; in tact, room for expansion is a nec-
cssary condition of solidification. But in the
present case the strong steel resisted the ex-
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pansion, the water in consequence remaining
liquid at a temperature of  more than 30°
Falhr. below the ordinary freezing-point. A
bullet within the cylinder rattled about at
this temperature, sl owing that the water wus
stil! liquid. On opening the tap the liquid,
relieved of the pressure, was instantly con-
verted into ice.

433. It is only substances which expand on
solidifying that behave in this manner. The
metal bismuth, as we know, is an example
similar to water ; while lead, wax, or sulphur,
all of which contract on solidifying, have
their point of fusion leightened by pressure.

434. And now you are piepared to under-
stand Professor James Thomson’s theory of
regelation. When two pieces of ice are
pressed together, liquefaction, he contends,
results. The water spreads out around the
points of pressure, and when released re-
freczes, thus forming a kind of cement be-
tween the pieces of ice.

§ 63. FArADAY'S VIEW OF REGELATION.

435. Faraday’s view of regelation is not
so easily expressed, still T will try to give
you some notion of it, dealing in the first
place with admitted facts. Water, even in
open vessels, may be lowered many degrees
below its freezing temperature, and still re-
main liquid ; it may also be raised to a tem-
perature far higler than its boiling-point,
and still resist boiling. This is due to the
mutual ¢orhesion of the water particles, which
resists the change of the liquid either into
the solia or the vaporous condition.

436. But if into the over-chilled water you
throw a particle of ice, the cohesion is rup-
tured, and congelation immediately sets in-
And if into the superleated water you intro-
duce a bubble of air or of steam, cohesion is
likwise ruptured, and ebullinvn immediate-
ly commences.

437. Faraday concluded that ¢n the interior
of anybody, whether solid or liquid, where
every particle is grasped, so to speak, by the
surrounding particles, and grasps them in
turn, the bond of cohesion is so strong as to
require a higher temperature to change the
statz of aggregation than is necessary at the
surfacs. At the surface of a plece of ice, for
example, the molecules are free on one side
from the control of other molecules ; and
they therefore yield to heat more readily than
in the interior. The bubble of air or steam
in overheated water also frees the molecules
on one side ; hence the ebullition consequent
upon its introduction. Practically speaking,
then, the point of liquefaction of the interior
ice is higher than that of the superficia! ice.
Faraday also refers to the special solidifying
power which bodies exert upon their own
‘molecules. Camphor in a glass bottle fills
the bottle with an atmosphere of camphor.
In such an atmosphere large crystals of the
substance may grow by the incessant deposis
tion of camphor molecules upon camphor, at
a temperature too high to permit of the
slightest deposit upon the adjacent giass. A
similar remark applies to sulphur, phospho-
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rus, and the metals in a stater of fusion,
They are deposited upon solid portions of
their own substance at temperatures not low
enough to cause them to solidify against
other substances.

438. Water furnishes an eminent example
cf this special solidifying power. It may be
cooled ten degrees and more belaw its freez-
ing-point without freezing. But this is not
possible if the smaliest fragment of ice be
floating in the water. It then freezes accu-
rately at 32° TFalhr., depositing itself, how-
ever, not upon the sides of the containin
vessel, but upon the ice. Faraday observeg
in a freezing apparatus thin crystals of ice
growing in ice-cold water to a length of six,
eight, cr ten inches, at a temperature incom-
petent to produce their deposition upon the
sides of the containing vessel.

439. And now we are prepared for Fara-
day’s view of regelation. When the surfaces
of two pieces of ice, covered with a film of
the water of liquefaction, are brought to-
gether, the covering film is transferred from
the surface to the centre of the.ice, whera
the point. of liquefaction, as hefore shown,
is higher than at the surface. The special
solidifying power of ice upon water is now
brought into play on both sides of ihe fim.
Under these circumstances, Faraday held
that the film would congeal, and freeze the
two surfaces together.

440. The lowering of the freezing-point
by pressure amounts to no more than one
seventieth of a degree Fahrenheit for a whole
atmosphere. Considering the infinitesimal
fraction of this pressure which is brought
into play in some cases of regelation, Fara-
day thought its effcct insensible, He sus-
pended pieces of ice, and htrought them into
contact without sensible pressure, still they
froze together. Professor James Thomson,
however, considered that even the capillary
attraction exerted between two such masses
would be sufficient to produce regelation.
You may make the following expcriments,
in further illustration of this subject :

441. Place & small piece of ice on water,
and press it underneath the surface by a
second picce.  The submerged piece may
be so small as to render the pressure infini-
tesimal ; still it will freeze to the under sur-
face of the superior piece.

442. Place two pieces of ice in a basin of
warm water, and allow them to come to-
gether ; they freeze togcther when they
touch. The parts surrounding the place of
contact melt away, but the pieces continue
for a time united by a narrow bridge of ice.
The bridge finally melts, and the pieces for &
moment are separated. But capillary attrac-
tion immediately draws them together, and
regelation sets in once more. A new bridge
is formed, which in its turn is dissolved, the
separated pieces again closing up. A kind
of pulsation is thus established between the
two pieces of ice. They touch, they freeze,
a bridge is formed and melted ; and thus the
rhythmic action continues until the ice dis
appears.



130 THE FORMS

443, According to Professor James Thom-
son’s theory, pressure is necessary to lique-
fy the ice. The heat necessary for liquefac-
tion must be drawn from the ice itself, and
the cold water must escape from the pressure
to be re-frozen. Now in the foregoing ex-
periments the cold water, instead of being
allowed to freeze, dssues ¢nto the warm water,
still the floatirg fragments regelate in a mo-
ment. The touching surfaces may, more-
over, be convex ; they may be reduced prac-
tically to points, clasped all round by the
warm water, which indeed rapidly dissolves
them as they approach each other ; still they
freeze immediately when they touch.

444, You may learn from this disciission
that in scientific matters, as in all others,
there is room for differences of opinion.
The frame of mind to be cultivated here is a
suspension of judgment as long as the mean-
ing remains in doubt. It may be that Fara-
day’s action and Thomson’s action come both
into play. I cannot do Dbetter than finish
these remarks by quoting Faraday’s own con-
cluding words, which show how in his mind
scientific conviction dwelt apart from dog-
matism : ¢ No doubt,”” he says, ‘‘ nice ex-
periments will enable us hereafter to criticise
such results as these, and separating the true
from the untrue will establish the correct
theory of regelation.”’

§ 64. ToE BLuE VEINS OF GLACIERS.

445. We now approach the end, one im-
portant question only remaining to be dis-
cussed. Iitherto we have kept 1t back, for
a wide acquaintance with the glaciers was
necessary io its solution, We had also to
make ourselves familiar by actual experiment
with the power of ice, softened by thaw, to
yield to pressure, and to liquefy under such
pressure.

446. Snow is white. Dut if you examine
its individual particles you would call them
transparent, not white. The whiteness
arises from the mixture of the ice particles
with small spaces of air. In the casc of all
transparent bodies, whiteness results from
such a mixture. The clearest glass or crys-
tal when crushed becomes a white powder.
The foam of champagne is white through
the intimate admixture of a transparent
liquid with transparent earbonic acid gas.
The whitest paper, moresver, is composed of
fibres which are individually transparent.

447, It is nct, however, the air or the gas,

kut the opticul severance of the particles, giv-
ing rise to a multitude of retiections of the
white solar light at their surfaces, tuat pro-
duces the whiteness.

248. The whiteness of the surface of a clean
glacier (112), and of the icebergs of the
Mirgelin See (357), has been already referred
to a similar cause. The surface is broken
into innumerable fissures by the solar leat,
the reflection of solar light from the sides of
the little fissures producing the¢ observed ap-
pearance.

449. In like manner if you freeze water in
a test-tube by plunging it into a freezing
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_mixture, the ice produced is white. Tor the

most part also the ice formed in freezing ma-
chines is white. Examine such ice, and you
will find it filled with small air-bubbles.
When the freezing is extremely slow. the
crystallizing force pushes the air effectually
aside, and the resulting ice is transparent ;
when the freezing is rapid, the air is entan-
gled before it can escape, and the ice is
translucent, But even in the case of quick
freezing Mr. Faraday obtained transparent
ice by skilfully removing the air-bubbles, ag
fast as they appeared, with a feather.

450. In the case of lake ice the freezing ig
not uniform, but intermittent. It is some-
times slow, sometimes rapid. When slow
the air dissolved in the water is effectually
squeezed out and forms a layer ot bubbles on
the under surface of the ice. ' An act of sud:
den freezing entangles this air, and hence we
find lake ice usnally composed of layers alter-
nately clear, and filied with bubbies, Sueh
layers render it easy to detect the planes of
freezing in lake ice.

451. And now forthe bearing of these facts.
Under the fall of the Geant, at the base of
the Taléfre cascade, and lower down the Mer
de Glace ; in the higher regions of the Grin-
delwald, the Aar, the Aletsch and the Gor-
ner glaciers, the ice does not possess the
transparency whiclh it exhibits near the ends
of the glaciers. It is white, or whitish.
Why? Examination shows it to be filled
with small air-bubbles; and these, as we
now learn, are the canse of its whiteness.

452. They are the residue of the air orig-
nally entangled in the snow, and connected,
as before stated, with the whiteness of the
snow. During the descent of the glacier,
the bubbles are gradually expelled by the
enormous pressures brought to bear upon the
ice. Not only is the expulsion caused by the
mechanical ylelding of the soft thawing ice,
but the liquefaction of the substance at
places of violent pressure, opening, as it
does, fissures for the escape of the air, mnust
play an important part in the consolidation
of the glacier.

453. The expulsion of the hubbles is, how-
ever, not uniform ; for neither ice nor any
other substance offers an absolutely uniform
resistance to pressure. At the base of every
cascade that we have visited, and on the
walls of the crevasses there formed, we have
noticed innumerable blue streaks drawn
through the white translucent ice, and giv-
ing the whole mass the appearance of lamina
tion. These hlue veins turned out upon ex-
amination to be spaces from whieh the air-
bubbles had been almost wholly expelled,
translucency being thus converted into truns
parency.

454, This is the veined or ribboned structure
of glaciers, regarding the origin of which
diverse opinions are now entertained.

455. It is now our duty to take up the
problem; and to solve it if we can. On the
névés of the Col du Géant, and other gla-
ciers, we have found grear cracks, and
faults, and Bergschrunds, exposing deep sec-
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tions of the neve ; and on these sections we
have found marked the edges of half-consol-
idated strata evidently prodnced Dby succes-
sive falls of snow. The névé is stratified
because its supply of material from the at-
mosphere is intermittent, and when we first
observed the blue veins we were disposed to
regard them as due o this stratification.

456. But observatiou and reflection soon
dispelled this notion.  Indeed, it could hard-
ly stand in the presence of the single fact
that at the bases of the ice falls the veins are
always tertical, or neamly so 'We saw no
way of explaining Low the hotizontal strata
of the névé could Le #o tilted up at the base
of the fall as to he set on edge. Nor is the
aspect of the veins that of stratification.

457. On the central portions of the cas-
cades, moreover, there are no signs of the
veins. At the bases they first appear, reach-
ing in ecach case ‘their maximum develop-
meant a little below (he base. As you and I
stood upon the heights above the Ziisenberg
and scrutinized the cascade of the Strahleck
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brarch of the Grinaelwald glacier, we could
ot doubt that the base of the fall was the
Lirthplace of the veins.  We called this por-
tion of the glacier a *“ Structure Mill," inti-
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mating that here, and not on {42 ieve, the
veined structure was manufactured.

458. This, however, is, at bottom, the lan-
guage of strong opinion merely, not that of
demonstration ; and in science opinion ought
to content us only so long as positive proof
is unattainable, The love of repose must
not prevent us from secking this pronf.
There is no sterner conscience than the sci-
entific conscience, and it demands, in every
possible case, the substitution for private
conviction of demonstration which shall ha
conclusive to all.

459, Let us, for example, be shown & case
in which the stratification of the névé is pro-
longed into the glacier ; let us see the planes
of bedding and the planes of lamination ex-
isting side by side, and still indubitably dis-
tinct. Such an observation would effectual-
ly exclude stratification from the problem of
the veined -structure, and through the re-
moval of this tempting Source of error we
shotllld be 1endi.eu more free to pursue the
truth.

, 460. We sought for this conclusive test
upon the Mer de Glace, but did pot find it.
We sought it on the Grindelwald, and the
Aar glaciers, with an equal want of sue-
cess., On the Aletsch glacier, for the first
time, we observed the apparent coexistence
of bedding and structure, the one cutling the
other upon the walls of the same crevasse.
Btill the case was not sufliciently pronounced
to produce entire conviction, and we visited
the Gorner glacier with the view of follow-
ing up our quest.

461. Here day after day added to the con-
viction that the bedding and the structure
were two different things. Still day after
day passed without revealing to us the final
proof. Surely we have not-Iet nur own ease
stand in the way of its attainment, and if we
retire baffled we shall do so with the con-
sciousness of having done our best. Yon-
der, however, at the base of the Matterhorn,
is the Furgge glacier that we have not yet
explored. Upon it our final attempt must be
made.

462. We get upon the glacier near its end,
and ascend it. We are soon fronted by a
barrier composed of three successive walls of
névé, the one rising above the other, and
each 1etreating behind the other. The bot-
tom of each wall is separated from the top of
the succeeding one by a ledge, on which
threatening masses of broken névé now rest.
We stand amid blocks and rubbish which
have becn evidently discharged from theso
ledges, on which other masses, rcady appar-
enlfy to tumble, are now poised.

463. On the vertical walls of this barrier
we see, marked with the utmost plainness,
the horizontal lines of stratification, while
something exceedingly like the veined struc-
ture appears to cross the lines of bedding at *
nearly a right angle.. The vertical surface

" is, howe rer, westhered, and the lines of struc-

ture, if /ey ke such, are indistinct. The
problem now is to remove the surface, and
expoce the ice underneath. It is one of the
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many cases thal'have come before us, where
the value of an observation is to be balanced
against the danger which it involves.

464. 'We do nothing rashly ; but scanning
the ledges and sclecling a point of attack,
we conclude that the danger is not too great
to be incurred. We advance to the wall,
remove the surface, and are rewarded by the
discovery underneath it of the true blac
veins. They, moreover, are vertical, while
the bedding is horizontal. Bruce, as you
know, was defeated in many a battle, but he
persisted and won at last.” Here, upon the
Furgge glacier, you also have fought and
won your little Bannockburn.

465. But let us not use the language of
victory too soon. The stratification theory
has been removed out of the field of expla-
nation, but nothing has as yet been offered
in its place.

§ 65. RELATION OF STRUCTURE TO
PRESSURE.

466. This veined structure was first de-
scribed by the distinguished Swiss naturalist,
Guyot, now a resident in the United States.
Frem the Grimsel Pass I have already
pointed out to you the Gries glacier over-
spreading the mountains at the opposite side
of the valley of the Rhone. It was on this
glacier that M. Guyot made his observation.

467. ‘1 saw,”” he said, ‘‘ under my feet
the sarface of the entire glacier covered with
regular furrows, from one to two inches
wide, hollowed out in a half-snowy mass,
and separated by protruding plates of harder
and more transparent ice. It was evident
that the glacier here was composed of two
kinds of ice, one that of the furrows, snowy
and more easily melted ; the other of the
plates, more perfect, crystalline, glassy, and
resistant ; and that the unequal resistance
which the two kinds of ice piesented to the
atmosphere was the cause of the ridges.

468. ** After having followed them for sev-
eral hundred yards, I reached a crevasse
twenty or thirty feet wide, which, as it cut
the plates and furrows at right angles, ex-
posed the interior of the glacier to a aepth of
thirty or forty feet, and gave a beautiful
transverse section of the stracture. As far as
my eyes could reach, I saw the mass of the
glacier composed of Jayers of snowy ice, each
two of which were separated by one of the
hard plates of which 1 have spoken, the
whole forming a regularly laminated mass,
which resembled certain calcareous slates.’”

469. 1 have not failed to point out to you
upon all the glaciers that we have visited the
little superficial furrows here described ; and
~ou have, moreover, noticed that in the fur-
rows mainly is lodged the finer dirt which is
scattered over the glacier, They suggest the
passage of a rake over.the ice. And when-
cver these furrows were interrupted by & cre-
vasse, the veined structure invariably ‘re-
vealed ijfself upon the walls of the fissure.
The surface grooving is indeed an infallible
indication of the interior lamination of the
fee.
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470. Wehave tracked the structure through
the various parts of the glaciers at which its
appearance was most distinct ; and we bave
paid particular attention to the condition of
the ice at these places. The very fact of its
cutting the crevasses at right angles is sig-
nificant. We know the mechanicul origin of
the crevasses ; that they are cracks formed
at right angles to lines of tension. But since
the crevasses are also perpendicular to the
planes of structure, these planes must be
parallel to the lines of tension.

471. On the glaciers, howerver, tension
rarely oceurs alone, At the sides of the gla-
cier, for example, where marginal crevasses
are formed, the tension is always accom-
panied by pressure ; the one force acting at
right angles to the other. Ilere, therefore,
the veined structure, which is paraliel to the
lines of tension, @3 perpendicular to the lines of
pressure. S

472. That this is so will be cvident to you
in & moment, Let the adjacent figure rep-

Fia. 19.

resent the channcl of thie glacier moving in
the dircction of the arrow. Suppose three
cireles to be marked upon the ice, one at the
centre and the two others at the sides. In a
glacier of unifcrm inclination all these circles
would move downward, the central one only
remaining a circle. By the retardation of
the sides the marginal cireles would be drawn
out to ovals. The two circles would be
elongaled in one direction, and compressed in
another. Across the long diameter, which
is_ the direction of strain, we have the mar-
ginal crevasses:; across the short diameter
m n, which is the direction of pressure, we
have the marginal veined structure.

473. This association of pressure and struc-
ture is invariable. At the bases of the cas-
cades, where the inclination of the bed of the
glacier suddenly changes, the pressure in
many cases suffices not only to close the cre-
vasses but to violently squeezz the ice. At
such places the structure always appears,
swecping quite across the glacier. When
two branch glaciers unite, their mutual
thrusi {itensifics the pre-existing marginal
structure of the branches, and develops new
plaues of lamination. Under the medial mo-
raincs, therefore, we have usually a good de-
velopment of the structure. It 1s tinely dis-
played, for example, under the great medial
moraine of the glacier of the Aar,

474, Upon this glacier, indeed, the blue
veins were obeerved independently three
years after M. Guyot had first deseribed
them. I say independently, because M.
Guyot’s description, though written in 1888,
remained unprinted, and was unknown in

.
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1841 to the observers on the Aar. These
were M. Agassiz and Professor Forbes. To
the question of structure Professor Forbes
subsequently devoted much attention, and it
was mainly his observations and reasonings
that gave it the important position now as-
signed to it in the phenomena of glaciers.

475. Thus without quitting the glaciers
themselves, we establish the connection be
tween pressure and structuve.  Is there any-
thing in our previous scientific experiencs
with which these facts may be connected ?
The new knowledge of naturc must always
strike its roots into the old, and spring from
it as an organic growth,

§ 66. SvLaTE CLEAVAGE AND GLACIER
LAMINATION,

476. M. Guyot threw out an exccedingly
sagacious hint, when he compared the
veined structure to the cleavage of slate
rocks. We must learn something of this
cleavage, for it really furnishes the key to
the problem which now occupies us. Letus
go then to the quarries of Bangor or Cum-
berland, and observe the quarrymen in their
sheds splitting the rocks. With a sharp
point struck skiifully into the edge of the
slate, they cause it to divide into thin plates,
fit for roofing or ciphering, as the case may
Le. The surfaces along which the rock
cleaves are called its planes of cleavage.

477. All thirough the quarry you notice the
dircction of these planes to be perfectly con-
stant. How is this laminated structure to be
accounted for?

478. You might be disposed to consides
that cleavage is a case of stratification or
bedding ; for it is true that in various parts
of England there are rocks which can be
cloven into thin flags along the planes of
bedding. But when we examine these slate
rocks we verify the observation, first I be-
lieve made by the eminent and venerahle
Professor Sedgwick, that the planes of bed-
ding usually run across the planes of cleav-
azge,

479. We have here, as you observe, a case
cxactly similar to that of glacier lamination,
which we were at first disposed to regard as
due to stratification. We afterward, how-
ever, found planes of lamination crossing the
layers of the névé, exactly as the planes of
cleavage cross the beds of slate rocks.

480. But the analogy extends further.
Slate cleavage continued to be a puzzie to
geologists till the late Mr. Daniel Sharpe
made the discovery that shells and other fos-
sils and bodies found in slate rocks are inva-
riably flattened out in the planes of cleavage.

481. Turn into any well-arrunged museum
—for example, into the School of Mines in
Jermyn Street, and observe the evidence
there collected, Look particularly to the
fossil trilobites taken from the slate rock.
They are in some cases squeezed to one third
of their primitive thickness. Numervus,
other specimens show in the most striking
manner the flattening out of sheiis.

482. To the evidence adduced by Mr.
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Sharpe, Mr. 3orby added other powerful evi-
dence, founded upon the microscopic exam-
ination of slate rock. Taking both into ac-
count, the conclusion is irresistible that such
rocks have suffered cnormous pressure at
right angles to the planes of cleavage, exactly
as the glacier has demonstrably suffered

reat pressure at right angles to its planes of
amination. f

483. The association of pressure and cleav-
age is thus demonstrated ; but the question
arises, Do they stand to cach other in the ro-
lation of cause and cffect ¢ The only way of
replying to this question is to combine artifi-
cially the conditions of nature, and see
whether we cannot produce her results,

484, The substanee of slate rocks was once
3 plastic mud, in which fossils were imbed-
ded. Let us imitate the action of pressure
upon such mud by employing, instead of it,
softened while wax. Placing a ball of the
wax between {wo glass plates, wetted to pre-
vent it from sticking, we apply pressure and
fatten out the wax.

485. The flattened mass is at first too soft
to cleave sharply ; but you can see, by tear-
ing, that it is laminated. Let us chill it with
ice. We find afterwaid that no slate rock
ever exhibited so fine a cleavage. The lam-
inee, it need hardly be said, are perpendicular
to the pressure.

486. One causc of this laminaticn is that
the wax is an aggregate of granules the sur-
faces of which are places of weak cohesion ;
and that by the pressure these granules are
squeezed flat, thus producing planes of weak-
ness at right angles to the pressure.

487. But the main cause of the eleavage 1
take to be the lateral sliding of the particles
of wax over cach other. Old attachments
are thereby severed, which the new ones fail
to make good. Thus the tangential sliding
produces lamination, as the rails near a sta-
tion are caused to e¢xfoliate by the gliding of
the wheel.

488. Instead of wex we may take the slate
itself, grind it to fine powder, add water, and
thus repreduce tae pristine mud. By the
proper compression-of such mud, in one
direction, the cleavage is restored.

489. Call now to mind the evidences we
have had of the power of thawing ice to yield
to pressure., Recollect the shortening of the
Glacier du Géant, and the sauéezing of the
Glacier de Léchaud, at Trélaporte. Such a
substance, slowly acted upon by pressure,

THE FORMS OF WATER

will yield laterally. Its particles win slide
over cach other, the severed attachmenis be-
ing immediately made good by regelation
It will not yield uniformly, but along special
plaages. It will also liquefy, not uniformly,
but along special surfaces.  Both the sliding
and the liquefaction will take place pringi-
pally at right angles Lo the pressure, and gla-
cier lamination is the result.

490. As long as it is sound the laminated
glacicr ice resists cleavage. Regelation, as I
have said, makes the severed attachments
good. But when such ice is exposed to tke
weather the structure is reveualed, and the ice
can then be cloven into tablets a square foot,
or even a square yard in area.

§ 67. CoNcLUSION.

491. Here, my friend, our labors close. It
has been a true pleasure to me to have you
at my side so long In the sweat of our
brows we have often reached the heights
where our work lay, but you have been
steadfast and industrious throughout, using
in all possible cases your own muscles in-
stead of relying upon mine. Here and there
I have stretched an arm and helped you to a
ledge, but the work of climbing has been al-
most exclusively your own. 1t is thus that
I should like to teach you all things ; show-
ing you the way to profitable exertion, but
leaving the exertion to you—inotre anxious to
bring out your manliness in the presence of
diﬁicu]tg’ than to make your way smocth by
toning difficuitics down.

492. Steadfast, prudent, without terror,
though not at all times without awe, I have
found you on rock and ice,-and you have
shown the still rarer guality of steadfastness
in intellectual effort. As here set forth, our
task seems plain enough, but you and I know
how often we have had to wrangle resolutely
witly the facts to bring out their meaning.
The work, however, is now done, and you
arc master of a fragment of that sure and
certain knowledge which is founded on the
faithful study of nature. Is it not worth the
price paid for it? Or rather, was not the
paving of the price—the healthful, if some
times hard, exercise of mind and bedy, upon
alp and glacier—a portion of our delight?

493. Here then we part. And should we
not meet again, the memory of these days
will still unite us, Give me your hand.
Good-by.
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PREFACE.

More than fifty years ago the Board
of Managers of the Royal Institution re-
solved to extend its usefulness, as a centre
of scicntific instruction, by giving, during
the Christmas and Easter holidays of each
year, two courses of Lectures suited to
the intelligence of boys and girls.

On December 12th, 1825, a Commit-
tec appointed by the Managers reported
that they had consulted Mr. Faraday
on the subject of engaging him to take a
gart in the juvenile lectures proposed to

e given during the Christmas and Easter
recesses, and they found his occupations
were such that it would be exceedingly
inconvenient for him to engage in such
lectures.”’ X

Faraday’s holding aloof was, however,
but temporary, for at Christmas 1827 we
find him giving a * Course of Six Ele-
mentary Lectures on Chemistry, adapted
to a Juvenile Auditory.”’

The Easter lectures were soon aban-
doned, but from the date mentioned to the
present time the Christmas lectures have
been a marked feature of the Royal In-
stitution. *

Last Christmas it fell to my lot to give
one of these courses. I had heard doubts
expressed as to the value of sciencé-teach-
ing in schools, and I had heard objec-
tions urged on the score of the expensive-
ness of apparatus. Both doubts and

# These brief historic references have al-
ready appeared in the preface to the ‘‘ Forms
of Water.”
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objections womld, I considered, be most
practically met by showing what could
be done, in the way of discipline and in-
struction, by experimental lessons involv-
ing the use of apparatus so simple and
inexpensive as‘to be within everybody’s
reach.

With some amplification, the substance
of our Christmas Lessons is given in the
present little volume.

LESSONS IN ELECTRICITY.
§ 1. Introduction.

Maxy centuries before Christ, it had
been observed that yellow amber (elck-
tron), when rubbed, possessed the power
of attracting light bodies.

Thales, the founder of the Ionic philos-
ophy (B.c. 580), imagined the amber to
be endowed with a kind of life.

This is the germ out of which has
erown the scienee of electricity, a name
derived from the substance in which this
power of attraction was first observed.

It will be my aim, during six hours of
these Christmas holidays, to make you,
to some extent, acquainted with the his-
tory, facts, and principles of this science,
and to teach you how to work at it.

The science has two great divisions :
the one called ¢* Frictional Electricity,”’
the other ¢ Voltaic Electricity.”” Ior
the present, our studies will be confined
to the first, or older portion of the sci-
ence, which is called ‘¢ Frictional Elec-
tricity,”’ because in it the clectrical
power is obtained from the rubbing of
bodies together.

§ 2. Historic Notes.

The attraction of light bodies by
rubbed amber was the sum of the world’s
knowledge of electricity for morc than
2000 years. In 1600 Dr. Gilbert, phy-
sician to Queen Elizabeth, whose atten-
tion had been previously directed with
great success to magnetism, vastly cx-
panded the domain of electricity. e
showed that not only amber, but various
spars, gems, fossils, stones, glasses, and
resing, exhibited, when rubbed, the same
power as amber.

Robert .Boyle (1675) proved that a
suspended piece of rubbed amber, which
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attracted other bodies to itseif, was in
turn attracted by a body brought near it.
He also observed the light of clectricity,
a diamond, with which he experimented,
being found to emit light when rubbe ]
in the dark.

Boyle imagined that the eclectrified
body threw out an invisible, glutinous
substance, whichi laid hold of light bodics,
and, returning to the source from which
it emanated, carried them along with it.

Qtto von Guericke, Buargomaster of
Magicburg, contemporary of Bovle, and
inventor of the air-pump, intensified the
clectric power previously obtained. He
devised what may be called the first elec-
trical machine, which was a ball of
sulphur, about the size of a child’s head.
Turned by a handle, and rubbed by the
dry hand, the sulphur sphere ecmitted
light in the dark.

Von Guericke also noticed, and this is
important, that a feather, having been
first attracted to his sulphur globe, was
afterward repelled, and kept at a dis-
tance from it, until, having touched
another body, it was again attracted.
He heard the hissing of the ‘¢ electric
fire,”” and also obscrved that an unelec-
trified body, when brought near his ex-
cited sphere, became electrical and capa-
ble of being attracted.

The meémbers of the Academy del
Cimento examined various substances
electrically. They proved smoke to be
astracted, but not flame, which, they
found, deprived an electrified body of its
power.

They also proved liquids to be sensible
to the electric attraction, showing that
when rubbed amber was held over the
surface of a liquid, a little eminence was
formed, from which the liquid was finally
discharged against the amber.

Sir lsaac Newton, by rubbing a flat
glass, caused light bodies to jump be-
tween it and a table. He also noticed
the influence of the rubber in electric ex-
citation. IHis gown, for example, was
found to be much more effective than a
napkin.

Newton imagined that the excited body
emitted an clastic fluid which penetrated
glass.

In the efforts of Thales, Boyle, and
Newton to form a mental picture of elec-
tricity we bave an illustration of the ten-
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dency of the human mind, not to rest
satisfied with the facts of observation, but
to pass beyond the facts to their invisible
causcs.

Dr. Wall (1708) experimented with
large, clongated picces of amber. 1lle
found wool to be the best rubber of am-
ber. ‘‘ A prodigious number of little
cracklings’’ was produced by the fric-
tion, every onc of them being accom-
panied by a flash of light. ** This light
and crackling,”” says Dr. Wall, “ seem
in some degreo to represent thunder and
lightning.””  This is the first published
allusion to thunder and lightning in con-
nection with electricity.

Stephen Gray (1729) also observed the
clectric brush, snappings, and sparks.
He 1nade the prophetic remark that
¢“ though these etfects are at present only
minute, it is probable that in time there
may be found out a way to collect a
greater quantity of the electric fire, and,
consequently, to increase the force of
that power which by several of those ex-
periments, if we are permitted to com-
pare great things with small, seems to be
of the same nature with that of thunder
and lightning.” This, you will ob-
serve, 15 far more definite than the re-
mark of Dr. Wall.

§ 8. The art of Experiment.

We have thus broken ground with a
few historic notes, intended to show the
gradual growth of clectrical science. Our
next step must be to get some knowledge
of the facts referred to, and to learn how
they may be produced and cxtended.
The art of producing and extending such
facts, and of inquiring into them by prop-
er instruments, is the art of cxperiment.
It is an art of extreme importance, for
by its means we can, as it were, couverse
with Nature, asking her questions and
receiving from her replies.

It was the neglect of experiment, and
of the reasoning based upon it, which
kept the knowledge of the ancient world
confined to the single fact of attraction
by amber for more than 2000 years.

Skill in the art of cxperimenting docs
not come of itself ; it is only to be ac-
quired by labor. When you first take
billiard cue in your hand, your strokes
are awkward and ill-dirccted. When

~
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you learn to dance, your first movements
are neither graceful nor pleasant. DBy
practice alone, you learn to dance and
to play. This also is the only way of
learning the art of experiment. You
must not, therefore, be daunted by your
clumsiness at first { you must overcome
it, and acquire skill in the art by repeti-
tion.

In this way you will come into direct
contact with natural truth—you will
think and reason not on what has been
said to you in books, but on what has
been said to you by Nature. Thought
springing from this source has a vitality
not derivable from mere book-knowledge.

§ 4. Materials for Experiment.

At this stage of our labors we are to
provide ourselves with the fillowing
materials :

Fia. 1.

a. Some sticks of sealing-wax ;

5. Two pieces of gutta-percha tubing;
about 18 inches long and £ of an inck
outside diameter ;

c. Two or three glass tubes, about 18
inches long and £ of an inch wide, closed
at onc end, and not too thin, lest they
should break in your hand and cut it ;

d. T'wo or three pieces of clean flannel,
capable of being folded into pads of two
ar three layers, about cight or ten inches
square ;
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e. A couple of pads, composed of
three or four Jayers of silk, about eight
or ten inches square ;

J- A board about 18 inches square,
and a piece of india-rubber ;

g. Some very narrow silk ribbon, r,
and a wire loop. w, like that shown in
fig. 1, in which sticks of sealing-wax,
tubes of gutta-percha, rods of glass, or a
walking - stick, may be suspended. I
cioose a narrow ribbon beeause it is con-
venient to have a suspending cord that
will neither twist nor untwist of itself,

(I usually employ a loop with the two
ends, which are here shown free, soldered
together. The loop would thus be un-
broken. Dut yon may not be skilled in
the art of soldering, and I therefore
choose the free loop, which is very easily
constructed. For the purpose of suspen-
sion an arrangement resembling a towel-
horse, with a single horizontal rail, will
be found convenient).

Fia. 2.

k. A straw, 11, fig, 2, delicately snp-
ported on, the point of a sewing needle ~.
This is inserted in a stick of sealing-wax
A, attached below to a little circular plate
of tifi, the whole forming a stand. ' In
fix. 3 the straw is shown on a larger
scale, and separate from its needle. The
short bit of straw in the middle, which
serves as a cap, is stuck on by sealing-
wax.

7. The name ‘‘ amalgam’’ is given to
a mixture of mercury with other mctals.
Experience has shown that the cfficacy of
a silkk rubber is vastly increased when it
is smeared over with an amalgam formed
of 1 part by weight of tin, 2 of zine, and
6 ef mereury. - A little lard is to be first
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smeared on the #ilk, and the zmalgam is
to be applied to the lard. The amalgam.
if hard, must be pounded or biuised with
a pestle or a hammer until it is soft.
You can purchase sixpenny-worth of it at
a philosophical instrument maker’s. Tt
is to be added to your materials.

k. I should like to make these pages
suitable for boys without much pocket-
money, and, therefore, aim at economy
in my list of materials. But provide by
all means, if you can, a fox’s brush, such

Fia. 3.

as thoso usually cmployed in dusting
furniture,

§ 5. Electric Attractions.

Place your scaling-wax, gutta-percha
tubing, and flannel and silk rubbers be-
fore a fire, to insure their dryness. De
specially = careful to make your glass
tubes and silk rubbers not only warm,
but hot. Pass the diied flannel Dbriskly
once or twice over a stick of sealing-wax |
or over a gufta-percha tube. A very
small amount of friction will excite the
power of attracting the suspended stra
as shown in fig. 2. Repeat the expern-
ment several times and cause the straw to
follow the attracting body round and
round. Do the same with a glass tube
rubbed with silk.

1 lay particular stress on the heating of
the glass tube, because glass has the
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power, which it exercises, of condensing
upan its surface into a liquid film, the
aqueons vapor of the surroundmg air.
This film must be removed.

1 would also insist on practice, in order
to vender you expert.  You will therefore

SR

attract bran, scraps of paper, gold leaf,
soap bubbles, and other light bodies by
rubbed glass, sealing-wax, and gutta-
perciia.  Faraday was fond of making
empty egg shells, hoops of paper, and
other light objects roll after his excited
tubrs.

It is only when the clectric power is
very weak, that you reguire your deli-
catel\ suspended straw.  With the sticks
of wax, tubes, and rubbers here men-
tioned, even heavy bodies, when properly
suspended, may be attracted.  Place, for
instance, a common walking stick in the
wire loop attached to the narrow ribbon,
fig..1, and let it swing horizontally. The
glass, rubbed with its silk, or the scaling-
wax, or gutta-percha. yubbed with its
flanned, wxll pull the stick quite round.

Abandon the wire loop ; place an egg
in an cgg-cup, and bal.mcc a long lath
npon the cgy, a8 shown in fig. 4. The
Jath, 1honvrh it may be almost a plank,

21

will obediently follow the rubbed glass,
gutta-percha, or sealing-wax.

Nothing can be simpler than this lath
and egg arrangement, and hardly any-
thing could be more impressive.  The
more you work with it, the better you
will like it.

Pass an cbonite comb through the
hair. In dry weather it produces a
crackling noise ; but its action upon the
lath may be made plain in any weather.
It is rendered clectrical by friction against
the hair, and with it you can pull the lath
quite round.

If you moisten the hair with 011, the
‘comb’ will still be excited and cxert at-
traction ; but if you moisten it with
water, the cxeitement ceases; a comb
passed through wetted hair has no power
over the lath. You will understand the
meaning of this subsequently.

After its passage through dry or oiled
hair, balance the comb itself upon the
egg : it is attracted by the lath. , "You
thus prove the attraction to be mutual :
the comb attracts the lath, and the lath
attracts the comb. Suspend your rubbed
glass, rubbed gutta-percha, and rubbed
sealing-wax in your wire locp. They are
all just as much attracted Ly the lath as
the lath was attracted by them. This is
an extension of Boyle’s experiment with
the suspcnded amber (8 2).

Iow it is that any unelectrified body
attracts, and is attracted by the cxcited
glass, sealing-wax, and gutta-percha, we
shall learn by and by,

A very striking illustration of electric
attraction may be obtained with the board
and india-rubber mentioned in our list of
materials (§ 4). Place the board before
the fire and make it Aof; heat also a
sheet of foolscap paper and place it on
the board. There is no attraction be-
tween them. I’ass the india-rubber brisk-
ly over the paper. It now clings firmly
to the board Tear it away, and hold it
at arm’s length, for it will move to your
body if it can. Dring it near a door or

wall, it will cling tenacmusly to either.
The elcctrified paper also powerfully at-
tracts the balanced lath from a great dis-
tance.

The friction of the hand, of a cam-
bric handkerchief, or of wash-leather
fails to alcctrify the paper in any high
Aegree. It requires friction by a
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speaial substance to make the excitement
strong.  This we learn by experience.
It is also experience that has taught
us that resivous bodies are best ex-
cited by flanncl, and vitreons bodies by
sl

Take nothing: rfor granted in this in-
quiry, and neglect no effort to render
your knowledge complete and sure. Try
various rubbers, sud satisfy yourself that
differences like ihat first observed by
Newton exist between them.

Vary also the body rubhed. Excite
by friction parafline and composite can-
dles, resin, sulphur, beeswax, ebonite,
and shellac. Also rock-crystal and other
vitreous substances, and attract with all
of them the balanced lath. A film of
collodion, a shect of vuleanized india-
rubber, or browa paper hcated before
the fire, rubbed briskly with the dry
hand, attracts and is attracted by the
fath.

Lay bare also the true influence of
heat in the case of our rubbed paper.
Spread a eold sheet of foolseap on a cold
board—on a table, for example. If the
air be not very dry, rubbing, even with
the india-rubber, - will not make themn
cling together. DBut is it because they
were hot that they attracted cach other
in the first instanco ?  No, for you may
heat your board by plunging it into boil-
ing water, and your paper by holding it
in a clond of steam. Thus heated they
cannot be made to eling together. The
heat really acts by cxpelling the moisture.
Cold weather, if it be only dry, is highly
favorable to clectric excitation. During
frost the whisking of the hand over silk
or flannel, or over a cat’s back, renders
it electrieal.

The experiment of the Florentine
acadenicians, whereby they proved the
¢lectrie attraction of a liquid, is pretty,
and worthy of repetition. Fill a very
small watch-glass with oil, until the
liquid forms a round curved surface, ris-
ing a little over the rim of the glass. A
strongly excited glass tube, held over the
oil, raises not one emineuce only, but
several, each of which finally discharges
a shower of drops against the attracting
glass. The effect is shown ic fig. 5,
where @ is the watch-glass on the stand
1, and R the excited glass tube.¥
- Cause the excited ‘glass tube to pass
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Tia. 5.
close by your tace, without, touching it.
You feel, like Hauksbee, as if a cobweb

were drawn over the face. _You also
sometimes smell a peculiar odor, due to
a substance deveioped by the electricity,
and called ozone.

Long ere this, while rubbing your
tubes, vou will have heard the ‘¢ liss-
ing’* and ‘¢ eraekling”’ so often referred
to by the eariier eleetricians ; and if you
have rubbed your glass tube briskly in
the dark, you will have seen what they
called the * electric fire.”” Using, in-
stead of a tube, a tall glass jar, rendered
hot, a good warm rubber, and vigorous
friction, the streams of electiic fire are
very surprising in the dark.

§ 6. Discovery of Conduction and Insu-
lation.

Ilere I must again refer to that most
meritorious philosopher, Stephen Gray.
In 1729 he experimented with a gliss
tube stopped by a cock. When the tabe
was rubbed, the cork attracted light bod.
ics.  Gray states that he was *‘ much
surprised ”’ at this, and he ‘ concluded
that there was certainly an attractive vir-
tue communicated tc the cork.”’” This
was the starting point of our knowledge
of electric Conduction.

A fir stick 4 inches Jong, stuck into
the cork, was also found by Gray to at-

tract light bodies. Ile made his sticks

* As a practical measure the watch-glass
ovught to rest upon a small stand, and not
upon a surface of large area. The experi-
ment is particularly well suited for projection
on a screen.
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longer, but «4ill found a power of attrac-
tion at their ends. Ile then passed on
to pack-thread and wire. IHanging a
thread s, fig. 6, from the top window of
a house, so that the lower end nearly
toushed the ground, and twisting the up-
per end of the thread round his glass
tube R, on briskly rubbing the tube, light
bodies were attracted by the lower end
B of the thread.

But Gray’s most remarkable experi-
ment was this : Ile suspended a long
hempen line horizontally by loops of pack-
thread, but failed to transmit through
it the electric power. He then suspend-
ed it by loops of silk and succeeded in

Fia. 6.
sending the ‘¢ attractive virtue’’ through

765 feet of thread. Ie at first thouo'ht
the silk was effectual because it was ﬂ]m 3
but on replacing a broken silk loop by a
still thinner wire, he obtained no action.
Finally, he came to the conclusion that
his ]oops were effectual, not beeause they
were thin but l)ecanse they were silk.
This was the starting-point of our knowl-
edwe of Insulation,

Tt is interesting to notice the devotion
of some men of science to their work.
Dr. Wells, who wrote a beautiful cssay,
wherein he explained the origin of dew,
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finished it when hie was on the brink of
the grave. Stephen Gray was so near
dying when his lust cxperiments were

made, that he was unable {o write ont an
account of them. On his death-bed,
and, indeed, the very day before his
death, his deseription of them was taken
from liis lips by Dr. Mortimer, Secretary
of the Royal Society, and afterward
printed in the *¢ Philosophical Transac-
lions.”’

One word of definition will be useful
here. Some snbstances, as proved by
Stephen Gray, possess in a very high de-
gree the power of permitting electricity
to pass throngh them ; other substances
stop the passage of the clectricity.
Bodies of the first class are called con-
ductors ; bodies of the second class are
called insulators.

You cannot do better than repeat here
the experiments of Gray. Push a cork
into the open end of your glass tube ;
rub the tube, carrying the friction up
to the end holdmg; the cork. The cork
will attract the balanced lath, shown in
fiz. 4, with which you Lave already
wmkcd so mach.

Dat the excited glass is here so near
the end of the cork that you may not
feel certain that the observed attraction is
that of the cork. You can, however,
prove that the cork attracts by its action
upon light bodies which eling to it.
Stick a pen-holder into the cork and rub
the glass tube as before.  The free end
of the holder will attract the lath. Stick
a deal rod three or four feet long into
the cork ; its free end will attract the
lath when the glass tube is excited. In
this way you prove to demonstration
that the electric power is conveyed along
the rod.

§ 7. The Electroscope.— Further Inquir-
ies on Conduction and fnsulation.

A little addition to our apparatus will
now be desirable.  Yon can buy a book
of ‘* Dutch metal >’ for fourpence ; anl
a globular, flask like that shown in fiz.
%7, for sixpence, or at the most a shilling.
Find a cork, ¢, which fits the flask ; pass
a wire, w, thronch the cork ani bend 1t
near one end at a rirht anwsle.  Attach
by means of wax to the bent arm, which
ought to be ahout three guarters of an
inch Jong, two strips, 1, of the Dutch
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metal, about three inches long and from
half an inch to threc quarters of an inch
wide. The strips will hang down face
to face, in contact with cach other.
Stick by sealing-wax upon the other end of
the wire a little plate of tin or shect-zine,
7, about two inches in diameter. In all
cases 'you must be careful so to use your
wax as not to interrupt the metallic con-
nection of the varions parts of your ap-
paratus, which we will name an electro-
scope. Gold-leaf, instead of Dutch metal,
is usually cmployed for cleetroscopes.
I recommend the ‘‘metal’’ because
it is cheaper, and will stand rougher
usage.

See that your globular flask is dry and
free from dust. Bring your rubbed seal-
ing-wax, R, or your rubbed glass, near
the little plate of tin, the leaves of Dutch
metal open out; withdraw the excited
body, the leaves fall together. \Wershall
inquire into the cause of this action im-
mediately. Practise the approach and
withdrawal for a little time. Now draw
your 1ubbed sealing-wax or glass along
the edge of the tin plate, . Thc leaves
diverge, and after the sealing-wax or
glass is withdrawn they remain divergent.
In the first experiment you communi-
cated no electricity to the electroscope ;
in the second experiment you did. At
present I will only ask you to take the
opening out of the leaves as a proof that
electricity has been communicated to
them.
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And now we are ready for Gray’s ex.
periments in a form different from his,
Connect the end of a long wire with the
tin plate of the clectroscope ; coil the
other end round your glass tube. Rub
the tube briskly, carrying the friction
close to the coiled wire. A single stroke
of yonr rubber, if skilfully given, will
cause the leaves to diverwe. The elee-
tricity has obviously passed through the
wire to the clectroscope.

Substitute for the wire a string of
common twine, rub briskly and you will
cause the leaves to diverwe ; but there is
a notable difference  as  regards the
promptness of the divergenee.  You soon
satisfy yourself that the clectiicity | a ses
with greater facility throngh the wire
than through the strine.  Substitute for
the twine a string of silk. No matter
how vigorously you rub, you can now
produce no divergence. The clectricity
cannot get through the sifk at all.

This is the place to demonstrate in a
manner never to be forgotten the influ-
ence of moisture. Wet your dry silk
string throughoat, and squeeze it a little
so that the water from it may not trick!
over your glass tube. Coil it round the
tube as before, and excite the tube.  The
leaves of the clectroscope immediately
diverge. The water is here ithe con-
ductor. The influence of moisture was
first demonstrated by Du Fay (1733 to
1737), who succeeded in sending elec-
tricity through 1256 feet of moist pack-
thread.

It is hardly necessary to point out the
meaning of Gray’s experiment where he
found that, with loops of wire or of
pack-thread, he could not send the clee-
tricity from end to end of his suspended
string. Obviously the electricity escaped
in each of these cases through the con-
ducting support to the earth,

My assistant, Mr. Cotirell, who has
been working very hard for you and me,
has devised an electroscope which we
shall frequently cmploy in our lessons.
M, fig. 8, is a little plate of metal, or of
wood covered with tin-foil, supported on
arod, 6, of glass or of scaling-wax.
is another plate of Dutch metal paper,
separated about an inch from M, and at-
tached by sealing wax to the long straw
11 (broken off in the figure); o A’is a
horizontal pivot formed by a sewing
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needle, and supported on a bent strip of
metal, as shown in the figure. By weight-
g the straw with a little wire near r/,
you so balance it that the plate n shall be
just Jifted away from M, The wire w,
which may be 100 feet long, procecds
from u to your glass tube, round which
it is coiled. A single vigorous stroke of
the tube, by the rubber, sends clectricity
along w to M ; N is attracted downward,
the other end of the long straw Leing
lifted through a considerable distance.
In enbsequent figures you will see the
complete straw-index, and its modes of
application.

A few experiments with either of these
instruments will enable you to classify
bodies as conductors, semi-conductors,
and insulators. Here is a list of a few
of cach, which, however, differ much
among themselves,

Conductors.
The common metals,
Well-burned chatcoal,
Concentrated acids,
Bolutions of ralts.
Rain water.
Linen,
Living vegetables and animals,

Semi-conductors.

Alcohol and ether, Paper,

Dry wowmd. Stiaw,
Marble.
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Inswlators.
Fatty oils. Silk.
Challk, Glass.
India-vubber. Wax,
Dry paper. Sulphur,
Iaic. Shellac.

A little reflection will enable you to
vary these experiments indefinitely. Rub
your excited sealing-wax or glass agrinst
the tin plate of your clectroscope, and
cause the leaves to diverge. Touch the
plate with any one of the conductors
mentioned in the list ; the clectroscope is
immediately discharged. Touch it with
a semi-conductor ; the leaves fall asle-
fore, but less promptly. Touch the
plate finally with an insulator, the elee-
tricity cannot pass, and the leaves remain
unchanged.

§ 8. ZLlectrics and Non-Electrics.

For a long period, bodies were divided
nto electrics and non-electrics, the former
deemed capable of beino electriti~d. the
latter not. Thus the amber of the an-
cients, and the spars, gews, fossils, stones,
glasses, and resing, operated on by Dr.
Gilbert, were called electries, while all the
metals were called non-clectrics.  We
must now determine the true meaning of
this distinction.

“Take in succession a piece of brass, of
wood coated with tin-foil, a lead bullet,
apples, pears, turnips, carrots, cucum-
bers—uncoated wood not very dry will
also answer—in the hand, and strike them
briskly with flannel, or the fox’s brush ;
none of them will attract the balanced
lath, fig. 4, or show any other symptomn
of electric cxcitement. All of them
therefore would have been once called
non-clectrics.

But suspend them in succession by a
string of silk held in the hand, and strike
thew again ; every one of them will now
attract the lath.

Reflect upon the meaning of this ex-
periment.  We have introduced an insu-
lator—the silk string—between the hand
and the body struck, and we find that by
its introdaiction the non-clectric has been
converted into an electric, »

The meaning is obvious. When held
in the hand, though electricity was devel-
oped in each case by the friction, it pass-
ed immediately through the hand and
body to the earth. This transfer being
prevented by the silk, the electricity,
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once excited, is retained, and the attrac-
tion of the lath is the consequence.

In like manner, a brass tube, held in
the hand and struck with a fox’s brush,
shows no attractive power ; but when a
stick of secaling-wax, ebonite, or gutta-
percha is thrust into the tube as a han-

dle, the striking of. the tube at once de-’

velops the power of attraction.

And now you see more cleatly than
you did at first the meaning of the ex-
periment with the heated foolscap and
india-rubber. Paper and wood always
imbibe a certain amount of moisture
from the air. When the rubber was
passed over the cold paper electricity was
excited, but the paper, being rendered a
conductor by its moisture, allowed the
electricity to pass away.

Prove all things. Lay your cold {ools-
cap on a cold board supported by dry
tumblers ; pass your india-rubber over
the paper ; lift it by a loop of silk which
has been previously attached to it, for if
you touch it it will discharge itself.
* You will find it clectric ; and with it you
can charge your electroscope, or attract
from a distance your balanced lath.

The human body was ranked mnong
the non-electrics. Make plain to your-
self the reason. Stand upon the floor
and permit a friend to strike you briskly
with the fox’s brush. . Present your
knuckle to the balanced lath, you will
find no attraction.  Iere, however, you
stand upon the ecarth, so that even if
electricity had been developed, there is
mothing to hinder it from passing away.

But, place upon the ground four warm
glass tumblers, and upon the tumblers a
board.* Stand upon the board and pre-
sent your knuckle to the lath. A siugle
stroke of the fox’s fur, if skilfully given,
will produce attraction. If you stand
upon a cake of resin, of ebonite, or upon
a sheet of good-india-rubber, the cffect
will be the same. You can also charge
your electroscope with this electricity.

Throw a mackintosh over your shoul-
ders and let a friend strike it with the
fox’s brush, the attractive force is greatly
augmented.

After brisk present vour
. * Some caution i3 necessary here. A large

class of cheap glass tumblers conduct sa

freely that-they are nnfit for this and similar
expeiriments, See § 19,

striking,

knuckle to the knnckle of your friend.
A spark will pass between you.

This experiment with the mackintosh
further illustrates what you have already
frequently observed—namely, that it is
not friction alone, but the friction of
special substances against cach other, that
prodaces clectricity.

Thus we prove that non-clectries, like
electrics, can be exeited, the condition of
success being, that an insnlator shall be
interposed between the non-eleetric and
the earth. It is obvions that the old di-
vision into electrics and * non-electrics,
really meant a division into insulators
and conductors.

8§ 9. EKlectric Repulsions.— Discovery of
two KElectricities.

‘We have hitherto dealt almost exclu-
sively with electric attractions, but in an
experiment already referred to (§ 2),
Otto von Guericke observed the repulsion
of a feather by his sulphur globe. ' T also
anticipated matters in the use of our
Dutch metal electroscope (§ 7), where
the repulsion of the leaves informed us
of the arrival of the electritity.

Du Fay, who was the 1cal discoverer
here, found a gold-leaf floating in the air
to be first altracted and then repelled by
the same excited body. He afterward
proved that when the floating leaf was
repelled by rubbed glass, it was attracted
by rubbed resin—and that when it was
repelled by rubbed resin it was attracted
by rubbed glass. Hence the important
announcement, by Da Fay, that there are
two kinds of clectricity.

The electricity cxcited ou glass was for
a time called wvitreous electricity, while
that excited on scaling-wax was called res-
inous electricity. These terms are how-
ever improper ; because, by changing the
rabber, we can obtain the electricity of
sealing-wax upon glass, and the electrie-
ity of glass upon sealing-wax.

Roughen, for example, the surface of
your glass tube with a grindstone, and
rub it with flannel, the electricity of scal-
ing-wax will be found upon the vitreous
surface. Rub your sealing-wax with vul-
canized india-rubber, the electricity of
glass will be found upon the resinous sur-
face. You will be able to prove this im-
mediately.

4 3 viaaies

o

Radeo g oo
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We now use the term positive or plus
electricity to denote that developed on
glass by the friction of silk ; and negative
or 7nznus electricity to denote that devel-
oped ou scaling-wax by the friction of
flanncl.  These terms are adopted purely
for the sake of convenienee. There is
no reason in nature why the resinous
electricity should not be called positive,
and the vitrcous electrieity mnegative.
Once agreed, however, to apply the terms
as here fixed, we must adhere to this
agreement throughout.

§ 10. Fundamental Law of Electric

Action.

In all the experiments which we have
hitherto made, one of the substances op-
erated on has been electrified b_ frietion,
and the other not. But onee engaged in
inquiries of this description, questions
incessantly oceur to the mind, the an-
swering of which extends our knowledge
and suggests other questions. Suppose;
instead of exciting only one of the bod-
ies presented to cach other, we were to
¢xcite both of them, what would occur ?
This is the question which was asked and
answered by Du Fay, and which wo must
now.aaswer for ourselves,

Here your wire loop, fig. 1, comes
again into play. Place an unrubbed
gutta-percha tube, or a stick of sealing-
wax, in the loop, and be sure that it is
unrubbed—that no eleetricity adheres to
it from former experiments.  If it fail to
attract light bodies, it is unexcited ; if it
attract them, pass your hand over it sev-
eral times, or, better still, pass it over
or through the flame of a spirit lamp.
This will remove every trace of electrie-
ity. Satisfy yourself that the unrubbed
gutta-percha tube is attracted by a rubbed
one.

Remove the unrubbed tube from the
loop, and excite it wiith its flannel rub-
ber. One end of the tube is held in your
hand and is therefore unexcited. Return
the tube to the loop, keeping your cye
upon the excited end. DBring a second
rubbed tube near the excited end of the
suspended oue : strong repulsion is the
consequence. Drive the suspended tube
round and round by this force of repul-
sion

Bring a rubbed glass tube near the ex-
cited end of tue gutta-percha tube :
strong attraction is the result.
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Repeat this experiment step by step
with two glass tubes. Prove that the
rubbed glass tube attracts the unrubbed
one. Remove the unrubbed tube from
the loop, excite it by its rubber, return it
to the loop, and establish the repulsion
of glass by glass. Bring rubbed gutta-
percha or sealing-wax near the rubbed
glass : strong attraction 1s the conse-
quence.

These experiments lead you directly to
the fundamental law of electric action,
which is this : Bodies charged with the
same electricity repel each other, while
bodies charged with opposite clectricities
attract cach other. Positive repels posi-
tive, and attracts negative. ~ Negative
repels negative and attracts positive,

Devise cxperiments which shall still
further illustrate this law. = Repeat, for
example, Otto von Guericke’s = experi-
ment. Ilang a feather by a silk thread
and bring your rubbed glass tube near it :
the feather is atiracted, touches the
tube, charges itself with the electricity of
the tube, and is then repelled. Cause it
to retreat from the tube in various direc-
tions. - Du Fay’s experiment with the
gold-leaf will be repeated and explained
further on. Sce § 18.

Ilang your feather by a common
thread ; if no insulating substance inter-
venes between the feather and the earth,
you can get no repulsion. Why? Ob-
viously because the charge of positive
eleetricity communicated by the rod is
not retained by the feather, but passes
away to the carth. Hence, you have not
positive acting against positive at all.
Why the neutral body is attracted by
the electrified one, will, as alraady

stated, appear by and by.
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Attract your straw needle by your rub-
bed glass tube.  Let the straw strike the
tube, so that the onc shall rub against
the other. The straw accepts the clee-
tedcity of the tube, and repulsion immedi-
ately follows attraction, as shown in fig.
9.

Mr. Cottrell has devised the simple
electroscope represented in fiz. 10 to
soow repulsion. A is a stem of sealing-
wax with a small circle of tin, T, at the
top. w is a bent wire proceeding from
7, with a small disk attashed to it by
wax. 11 isalittle straw index, support-
ed by the needle N, as shown in fig. 10.
The stem 4’, also of scaling-wax, is not
quite vertical, the object being to cause
the bit of paper, 1%, to rest close to w
when the apparatuns is not electrified.
When eleetricity is imparted to T, it
flows through the wires w and w, over
both disk and index : immediate repul-
sion of the straw is the consequence.

No better experiment can be made to
iliustrate the self-repulsive character of
electricity than the following one. Heat
your square board (§ 5), and warm, as
before, your sheet of foulscap. Spread
the paper upon the board, and excite it
by the friction of irdia-rubber. Cut
from the sheet two long strips with your
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penknife.  Hold the stiips together at
onc end. Separate them from the board,
and lift them into the air : they foreibly
diive cach other apart, producing a wide
divergence.

Cut ceveral sthips. so as to form a kind
of tasscl. Ilold them together at one
end. Scparate them from the board, and
lift them into the air : they are driven
asunder by the self-repellent electricity,
presenting an appearance which may 1e-
mind you of the hair of Medusa. The
effect is represented in fig. 11.%

Another very beantiful experiment fits
in here. Let fine silver sand, s, fig. 12,
issuc in a stream_ from a glass funnel,
through an aperture one cighth of an inch
in - diameter. Conncct the sand in the
funncl by a fine wire w, fig. 18, with your
warm glass tube.  Unelectrified, the

* In one of my earliest lectures at the
Royul Institution, having rubbed a sheet of
foulscap, I was about to lift it bodily from
the hot board, and to place it against the
wall, when the thonght of cuttiug it into
strips, and allowing them to act upon cach
other, occurted to me. The 1esult, of
course, was that above described. Simple
and obvious as it was, it gave Faraduy, who
was present at the time, the most lively
pleasure, The simplest experiment, if only
suited to its object, delighted him.,
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Fia. 12. Fia. 13.
sand particles descend as a continuous
sticam, s s’, fig, 12, but at every stroke
of the rubber they fly asunder, as ir fig.
13, through sclf-repulsion.

Or let three or four fine fillets of water
issue from three or four pin-holes in the
bottom of a vessel close to ezch other.
Connect the water of tho vessel with
your glass tube, and rub as before. The
liquid veins. are scattered into spray by
every stroke of the rubber.

These experiments are best made with
‘“ Cottrell’s rubber,”” described in § 24.

And now you must learn to determine
with certainty the quality of the elec-
tricity with \v{ich any body presented to
you may be charged. You see immedi-
ately that attraction is no sure test, be-
cause unclectrified bodies are attracted.
Further on (§ 14) you will be able to
grapple with another possible source of
error in the employment of attraction.

In determining quality, you must
ascertain, by trial, the kind of electricity
by which the charged body is repelled ;
it, for example, any clectrified body re-
pel, or is repelled by, sealing-wax rubbed
with flannel, the electricity of the body

t For these, and also for experiments with
the electroscope, the teacher of a large class
will find the lime light shadows upon a white
screen (or better still, those of the electric
light) exceedingly useful.- The effects ure
thus rendered visible to all at once.

is negative ; if it repel, or is repelled by,
glass, rubbed with silk, its electricity is
positive. Du Fay had the sagacity teo
propose this mode of testing quality.

Apply this test to the strips of fools-
cap paper excited by the india-rubber.
Bring a rubbed gutta-perchatube ncar
the electrified strips, you have strong at-
traction.  Bring a rubbed glass tube
between the strips, you have strong re-
pulsion and augmented divergence.
1Ience, the electricity, being repelled by
the positive glass, is itself positive.

§ 11. Electricity of the Rubbcr.—Doubls
or ‘“ Polar’’ Character of the Electric
Foree.

We have examined the action of each
kind of electricity upon itself, and upon
the other kind ; but hitherto we have
kept the rubber out of view. One of
the questions which inevitably occur to
the inquiring scientific mind would be,
How is the rubber affected by the act of
friction ? Here, as elsewhere, you must
examine the subject for yourself, and
base your conclusions on the facts you
establish.

Test your rubber, then, by your bal-
anced lath. The lath is attracted by the
flannel which has rubbed against gutta-
percha ; and it is attracted by the silk,
which has rubbed against glass.
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Regarding the quality of the electricity
of the flannel or of the silk rubber, the
attraction of the lath teaches you nothing.
But, susperd your rubbed glass tube, and
bring the flanncl rubber near it: repul-
sion follows. The silk rubber, on the
contrary, attracts the glass tube. Sus-
pend your rubbed gutta-percha tube, and
bring the silk rubber near it : repulsion
follows, The flannel, on the contrary,
attracts the tube.

The conclusion is obvious : the elee-
tricity of the flannel is positive, that of
the silk is negative.

But the flannel is the rubber of the
gutta-percha, whose electricity is nega-
tive ; and the silk is the rubber of the
glass, whose electricity is positive. Con-
sequently, wo have not only proved the
ribber to be electrified by the {riction,
but also proved the electricity of the
rubber to be opposite in quality to that
of the body rubbed.

All your subsequent ecxperiecnce will
verify the statement that the two electric-
ities always go together ; that you can-
not excite one of them without at the
same time exciting the other, and that
the lectricity of the rubber, though op-
posite in quality, is in all cases precisely
cqual in quantity to that of the body
rubbed.

And now we will test these principles
Ly a new experiment. In § 5 we learned
that an eboniie comb is electrified by its
passage throsgh dry hair. You ecan
readily prove the electricity of the comb
to be negative. But the hair is here the
rabber, and, in accordance with the
principle just laid down, an equal quan-
tity of positive electricity has been excit-
ed in the hair. If you stand on the
ground mninsulated, the electricity of the
hair passes frecly through your body to
the earth.

Bat stand upon an insulating stool*—
on your. beard, for example, supported
by four warm wmblers—while I, stand-
ing on the ground, pass the comb briskly
through yoar hair. I pass it ten, twenty,
thiny times, and then ask you to attract

* A stool with glass legs which, to protect
thern fiom the moisture of the air. are
usually coated with a solution of shellac.
Regarding the attraction of glass for atinos-
pheric humidity, you will call to mind what
bas been said in § 5.
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your balanced lath. You present your
knuckle, but there is no attraction.

Here the comb and the hair soon reach
their maximum excitement, bevond which
no further development of electricity oc-
curs. Now, though the comb, as shown
in.§ 5, is competent to attract the lath,
while your body is here incompetent to
do so, this may be because the small
quantity of electrieity existing in a con-
centrated form upon the comb becomes,
when ditfused over the body, too feeble
to produce attraction.

Can we not exalt the electricity of your
body ! Guided by the principles laid
down, let us try to do so. First I pass
the uneléctrified comb through jyour
bair ; it comes away electrified. After
discharging the comb by passing my hand
closely over it, I pass it again through
the hair. As before, it quits the hair
clectrified, and I again discharge it. I
do this ten or twenty times, always de-
priving the comb of its clectricity after it
has quitted the hair. Now present your
knuckle to the balanced lath. Tt is pow-
crfully attracted.

Here, as I have said, the unclectrified
comb carried in each case eleciricity away
with it ; but, in accordance with the fore-
going principles, it left an equal quantity
of the opposite electricity behind it.
And though the amount of electiicity
corresponding to a single charge of the
comb, when diffused over the body,
proved insensible to our tests, that
amount ten or twenty times multiplicd
became not only sensible, but strong.
Indeed, by discharging the comb, and
passing it in cach cas¢ unelectrified
through the hair, the insulated human
body camr be rendered highly electrical.

Near the beginning of this section I
said, in rather an off-hand way, thav
rubbed flannel repels rubbed glass, while
rubbed silk repels rubbed gutta-percha.
Now, while it is generally casy to obtain
the repulsion by the flannel, it is by no
means always casy to obtain the repnision
by the silk.  Over and over again I have
been foiled in my attempts to show this
repulsion. I wish you, therefore, to be
aware ([ an jnfallible method of obtain-
ing it.

Stand on your insulating stool, and rub
your glass tube briskly with the amalga-
mated silk ; hand me the tube. I pass
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my hand closely over its surface, remov-
ing from that surface nearly the whole of
lta cleetricity. I hand you the tube
again, and yon again excite it. You
haad it to me, and I again discharge it.

In each case, thercforc, you excite an un-
clectrified glass tube, and in cach case
the tube leaves behind upon the rubber
an amount of negative clectricity equal in
quantity to the positive carried away.

By thus adding charge to charge, the
rubbes is rendered highly electrical ; and
even should its insulating power be im-
paircd by the amalgam, it can now afford
to yield a portion of its clectricity to your
hand and body, and still powerfully repel
rubbed gntta-percha.  The principle,
which tnight be further illustrated, is ob-
tiously the same as that applied in tke
casc of the comb.

§ 12. What is Electricity?

Thus far we have proceeded from fact
to fact, acquiring knowledge of a very
valuable kind. DBut facts alonc cannot
satisfy ws.  'We seek a knowledge of the
princeples which lie behind the facts, and
which ate to be discerned by 1he mind
alone.  Thus, having spoken as we have
dune, of electricity passing hither and
thither, and of its being prevented from
passing, hardly any tnoughtful btoy or
girl can avoid asking what is it that thus
passes ?—what és clectricity ¢ Doyle and
Newton betrayed their need of an answer
to this qaestion when the one imagined
his unctuous threads issuing from and re-
turning to the clectrified body ; and when
the other imagined that an clastic fluid
existed which penetrated his rubbed glass.

When I say ‘‘ imagined ’’ I do not in-
tend to represent the notions cf these
great men as vain fancies.  Without im-
agination we can do nothing here. Dy
imagination I mean the power of pictur-
ing mentally things which, though they
have an existence as real as that of the
world around us, cannot be touched
directly by the organs of sense. 1 mican
the purified scientific imagination, with-
out the exercise of which we cannot take
a single step into the region of causes and
principles.

1t was by the exercise of the scientific
imagination that Franklin devised the
them) of a single electric fluid to explain
eloctrical phenomena This fluid he sup-
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posed to be self-repulsive, and diffused
in definite quantities through all bodies.
IIe supposed that when a body has more
than its proper share it is positively,
when less than its proper share it is nega-
tively electrified. It was by the exercise
of the same faculty that Symmer devised
the theory of two electric fluids, each
self-repuisive, but both mutually attrac-
tive.

At first sight Franklin's theorv seems
by far the sxmpler of the two. Dnt its
simplicity is only apparent. For though
Franklin assumed only one fluid, he was
ohliged to assume three distinct actions.
Trstly, he had the self-repulsion of the
2iectric varticles. Sccondly, the nuatual
wtraction of the electric particies and the
vonderable particles of the body through
which the eleetitcity was dilfuscd.
Thirdly, these two assamptions when
strictly followed out ica. 10 the unavoid-
able conclusion that the 1material particles
also mutually repe! eack other. Thus the
theory is by no mecans s> simple as it ap-
pears.

The theory of Symmer, though at first
sight the most complicated, is in reality
by far the simpler of the two. Accord-
ing to it clectrical actions are produced
by two {fluids. cach sclf-repalsive, but
both mutually attractive.  These flaids
cling to the atoms of matter, and carry
the matter to which they cling along with
them. Every body, in its natural condi-
tion, possesses both fluids in equal quan-
tities. As long as the f{luids are mixed
together ihey neutralize cach other, the
body in which they are thus mixed being
in its natural or unclectrical condition.

By friction (and by various other
mecans) these two fluids may be torn
asunder, the onec clinging by preference to
the rubber, the other to the body rubbed.

Accordmﬂ‘ to this thcory therc must
always be attraction between the rubber
and the body rubbed, becaunse, as we
have proved, they arc oppositely electri-
fied. This is in fact the case. And
mark what I now say. Over and above
the common friction, this clectrical at-
traction las to be OVEFCoI0 “yhenever we
rub glass with silk, o seallif wu. i
flannel.

You are too young to fully grasp this
subject yet ; and indeed it would lead us
too far away to enter fully into it. But



803

I will throw out for future reflection the
remark, that the overcoming of the ordi-
nary friction produces heat then snd there
upon the surfaces rebbed, while the foree
expended in overcoming the electric at-
traciion may be converted into heat
which elall appear a thousand miles away
from the pl.)u, where it was generated.

Theoretic conceptions are incessantly
checked and corrected by the advance of
knowledge, and this theory of elecniic
fluids is doubted by many eminent scien-
tific men. 1t will, at all events, have to
be translated into a form which shall con-
nect it with heat and light, before it can
be accepted us complete. Nevertheless,
keeping ourselves unpledged to the the-
ory, we shall find it of exceeding service
both in unravelling and in connecting to-
getlicr clectrical phenomena.

§ 13. Electric Induction. Definition of
the Term.

We have now to apply the thcory of
electric finids to the important subject of
eleetric induction.

It vous noticed by early observers that
conlact was not necessary to electrieal ex-
citement.  Otto voun Guericke, as we
have alrcady scen. (§ 2), found that a
body brought near his sulphur globe be-
came cleetrical, By bringing his excited
glass tube near one end of a conductor,
Stephen Gray attracted light bodies-at
the other end. He also obtamcd attrac-
tion through the human body. From
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the human body also Du Fay, to his

astonishment, obtained a spark.  Can-
ton, in 1753, suspended pith-balls by
thread, and holding an cxcited glass
tube, at a considcrable distance from
them, caused themn to diverge. On re-
moving the tube the balls fell together,
no permancent charge being imparted to
them.  Such phenomena were further
studied 2nd developed by Wilcke and
Aipinus, Coulomb and Poisson.

These and all similar results are cm-
braced by the law, that when an electri-
fied body is brought near an unelectrified
coaductor, the neutral fluid of the latter
is decomposed ; one of its constituents
being attracted, the other repelled.
When the electrified body is withdrawn,
the scparated clectricities flow again to-
gether and render the conductor unelec-
trie.

This decompositicn of the neutral fluid
by the mere presence of an ecleetrified
body is called induction. It is also called
cieetrification by influence.

If, while 't is under the influence of
the clectrified body, the body influenced
be touched, the free electricity (which is
always of the same kind as that of the

inflaencing  body) passes away, 1ihe
opposite electricity being  held  cap-

tive.

On removing the electnﬁed body the
captive Lle(,trlclty is set free, the condue-
tor being charged with clectricity oppo-
site in kind to that of the body which.
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electrified it.

You cannot do better here than repeat
Stephen Gray’s experiment. Support &
small plank or Jath, L1/, Fig. 14, upon a
warm tumbler, ¢, and bring under onc of
its ends, L, and within four or five inches
of that end, scraps of light paper or of
gold leaf. Excite your glass tube, g,
vigorously, and bring it over the other
end of the plank, without touching it.
ThLe ends may be six or cight feet apart ;
the light bodies will be attracted. The
czperiment is casily made, and you are
not to rest satisfied till'you can make it
with casc and certainty.

This is a fit place to rcpeat that you
must keep a close eye upon the tumblers
you employ for insulation. Some of

them, made of common glass, are hardly
to be accounted insulators at all.

§ 14. Experimental Rescarches on Llce-
tric Induction.

Our mastery over this subject of in-
duction must be complete ; for it under-
fies all our subsequent inquirics. With-
out reference to it nothing is to be ex-
plained ;' possessed of it you will enjoy
not ouly a wonderful power of explana-
tion, but of prediction. We will attack
it, therefore, with the determination to
exhaust it.

And here a slight addition must be
made to our apparatus. We must be in
a condition te take samnples of electricity,
and to convey them, with the view of
testing them, from place to place. For
this purpose the little ‘¢ carrier,”” shown
in fig. 15, will be found convenient. T
is 2 bit of tin-foil, two or three inches
square. A sgtraw stem is stuck on to it
by sealing-wax, the lower end of the stem
being covered by sealig-wax. To make
the insulation sure, the part between r
and s’ is wholly of sealing-wax. You
¢an have stems of cbonite, which are
stronger, for a few pence ; but you can
have this one for a fraction of a penny.
The end &’ is to be held in thehand ; the
electrified body is to be touched by
and the clectricity conveyed to an clec-
troseope to be tested.

Touuch your rubbed glass rod with 1,
and then touch your clectroscope : the
leaves diverge with positive electricity.
Touch your rubbed gutta-percha or seal-
ing-wax with r,"and then touch your clec-
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troscope : the leaves diverge with nega-
tive clectricity. If the clectricity of any
body augment the divergence produced
by the glass, the electricity of that body
is positive. If it angment the divergence
produced by the gutta-percha, the elec-
tricity is negative. And now we ars
ready for further work.

Place an egg, E, fig. 16, on its sida

Fia. 16.
upon a dry wine-glass ; bring yonr cxen~
ed glass tube, @, within an inch or so of

the end of the egz.  What is the condi-
tion of the egg ? Its clectricity is decom-
posed ; the negative fluid covering the
cnd a adjacent to the glass, the positive
covering the other end b. Remove the
glass tube : what occurs ¢ The two clec-

‘tricities flow together and ncutrality is

restored. Prove this neutrality. Neither
a carrier touching the cgg, nor the cgy it-
self, has any power to affect your clec-
troscope, or to attract your balanced lath.
Again, bring the excited tube vear the
egg. Touch its distant part & with your
carriecr. The carrier now attracts the
straw (fig. 2) or the balanced lath (fig. 4).
It also causes the leaves of your electro-
scope to diverge. Whkt is the guality
of the electricity ¥ It repels and is re-
pelled by rubbed glass ; the clectticity at
b is thercfore positive. Discharge the
carrier by touching it, and bring it into
contact with the end a of the exr nearest
to the glass tube. The electricity you
take away repels and is repelled by gutta-
percha. It is therefore negative. Test
the quality also by the electroscope.
While the tube @ is near the egy touch
the end & with your finger ; now try to
charge the carriér by touching & : vou
cannot do so—the positive electricity has
disappeared.  Has the negative disap-
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peared also? No. Remove the glass
tube, and onee more touch the egy at b
by the carrier. It is charged, uot with
positive, but with negative electricity.
Clearly understand this experiment. The
neutral clectricity of the egg is first de-
eomposed into negative and positive 5 the
former attracted, the latter repelled by
the excited glass. The repelled elee-
ericity is{ree to escape, and it has escaped
on your touching the egg with your fin-
ger.  Dut the attracted clectricity eannot
escape us long as the influencing tnbe is
held near. On removing the tube which
holds the negative fluid in bondage, that
fluid immediately diffuses itself over the
whole ege.  An apple, or a turnip, will
auswer for these experiments at least as
well as an cgg.

Discharge the cgg by touching it. Re-
excite the glass tube and bring it again
near. Touch the egy wth a wire or with
your finger at a.  Is it the negative at «,
into  which you plenge your finger,
that escapes 2 No snch thing. The free
positive fluid passes through the nega-
tive, and through your finger to the
earth. Prove this by removing, first,
your finger, and then the glass tube. The
egg is charged negatively.

Again ; place two eggs, & E, fig. 17,

Fre. 17,

lengthwise on two dry wine-glasses, g g,
and cause two of their cuds to touch
cach other, as at c. Bring your rubbed
glass rod near the end @, and while it is
there separate the eggs by moving one
glass away from the other. Withdraw
the rod and test both eggs. a repels
rubbed sealing-wax, and & repels rubbed
glass ; a is therefore negative, b is posi-
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tive. The two charges, moreover, exact-
ly neutralize cach other in the olectro-
scope. Again bring the cgas together
and restore the rubbed tube to its place
near a.  Tonch e and then separate tho
eggs. Remove the glass rod and test the
eggs. a is negative, 0 is reutral.  lis
electricity has escaped through the fin-
ger, though placed :t a.

Equally good, if not indeed more
handy, for these” experiments are two
apples A 4, fig. 18, supported on stems
of scaling-wax. A necdle is heated 2]
sul.k in cach case into the rtiek of wax at
the top, and on to the ncelle the apple is
pushed. The scaling-wax stems are stuck
on by mclting to little foot-boards. DBy
arrangements of this kind you make ex-
periments which are more instructive than
those usunally made with instruments
twenly times more expensive,

Push your researches still farther, and
instead of bringing the eggs or apples to-
gether place them six feet or so apart,

Fia. 18.

and let a light chain, c, fig. 19, or a wire,
stretch from onc to the other. Two
brass balls, or wooden balls covered with
tin-foil,supported by tall drinking glasses,
ac’, will be better than the eggs for this
experiment, for they will bear better the
strain of the chain; but you can make
the experiment with the eggs, or very
readily with the two apples or two tur-
nips. For the present we will suppose
the straw-index 11' not to be there. Rub
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vour glass tube &, and bring it near one
of the balls ; test both : the near one, 7/,
is negative, the distant one, T, positive.
Touch the near onme, the positive elec-
tricity, which had been driven along the
chain to the remotest part of the system,
returns along the chain, passes through
the negative, which is held captive by
the tube, and escapes to the earth.
When the tube r is removed, negative
clectricity overspreads Dboth chain and
balls.

In fig. 8 you made the acquaintance of
the plate x, and the straw-index 1Y,
shown on a smaller scale in fig. 19. DBy
their means you immediately see both
the effect of the first induction, and the
consequence of touching any part of the
system with the finger. The plate »
rests over the ball or turnip T, the posi-
tion of the straw-index being that shown
by the dots. Bring the rubbed tube near
1’ : the end ~ of the index immediately
descends and the other end rises along
the graduated scale. Remove the glass
rod ; the index 11 immediately falls.
Practice this approach and withdrawal,
and observe how promptly the index de-
vlares the separation and'recomposition
uof the fluids.

While the tube is near 1/, and the end
¥ of the index is attracted, let T be
touched by the finger. The end x is im-
mediately liberated, for the clectricity
which pulled it down escapes along the
chain and through the finger to the
carth. Now remove your excited tube.
The captive negative electricity diffuses
itself over both balls, and the index is
again attracted, ;

tastead of the chain you may interpose
between the balls 100 fect of wire sup-

ported by silk loops. This is done
fig. 20, which shows the wire w suppori-
ed by the silk strings &.s 8, . Forthe ball
or turnip 1/, fig. 19, the cylinder ¢, on a
glass support ¢, is substituted, the little
table M- taking the. place ‘of the ball .
Every approach and withdrawal of the
rubbed glass tube R is followed obedient-
ly by the attraction and liberation of w,
and the correspondimg motion of the in-
dex N 1.

Repeat here an experiment, first mad>

L0g B
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by a great electrician named Apinus. 1
wish you to make these historic experi-
ments.  Insulate an elongated metal con-
duetor, ¢ ¢/, fig. 21, or onc formed of
wood coated with tin-foil—even a carrot,
cucumber, or parsnip, so that it be insu-
iated, will answer. Let a small weight,
w, suspended from a silk string, s, rest
on one end of the condactor, and hold

Fie. 2L
your rubbed glass tube, g, over the other
end. You can predict beforchand what
will ocenr when you remove the weight,
It carries away with it electricity, which

repels rubbed glass, and attracts your
balanced lath. ~ °

Stand on an insulating stool ; or make

one by placing a board on four warm
» tumblers,  Present the knuckles of your
richt hand to the end of the balanced
lath, aud stretch forth your left arm.
There is no attraction. But let a friend
or an assistant bring the robbed glass
tube over the left arm ; the lath immedi-
ately follows the right Land.

Touch the lath, or any cther uninsulat-
ed body ; the *‘ attractive virtue,”” as it
was called by Gray, disappears. After
this, as long as the cxcited tule is held
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over the arm there is no attraction. But
when the tube is removed the attractive
power of the hand is restored.  Ilere the
first. attraction was by positive cleetricity
driven to the right hand from the lefs,
and the sccond attraction by ncgative
cleetricity, liberated by the removal of
the glass rod. Expcriment proves the
logic of theory to be without a flaw.

Stand on an insulating stool, and place
your right hand on the electroscope ;
there is no action. Stretch forth the ieft
arm and permit an assistant alternately
to bring near, and to withdraw, an excit-
ed glass tube.  The gold leaves open &nd
collapse iz similar alternation. At every
approach, positive clectricity is driven
over the gold lcaves; at every with.
drawal, the cquilibrium is restored.

We are now in a condition to repeat,
with case, the ctperiment of Du Fay
mentioned in § 13. A bourd is support-
ed by four silk repes, and on the board
is stretched a boy. Dring his forckead,
or better still his nose, under the cnd of
your straw-index 11, fig. 22. Then
biing down over his legs your rulbed
glass tube ; instantly the cnd 1’ is attract-
cd and the end 1 riscs along the graduat-
ed scale. DBefore the end 1’ comes into
contact with the nose or forchead a spark
passes between it and the boy.

Tia, 22
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1 will now ask you to charge your
Dutch metal electroscope (fig. 7) posi-
tively by rubbed gutta.percha, and to
charge it negatively by rubbed glass. A
moment's reflection wiil enable youto do
it. You biing your excited body near :
the same electricity as that of the excited
body is driven over the leaves, and they
diverge by repulsion. Touch the elec-
troscope, the leaves collapse. Withdraw
your finger, and withdraw afterwards the
excited body : the leaves then diverge
with the opposite electricity.

The simplest way of testing the quality
of clectricity is to charge the electroscope
with electricity of a known kind. Tf, on
the approack of the body to be tested,
the leaves diverge still wider, the Tnaves
and the body are similarly clectrified.
The reason is obvious.

Omitting the last cxperiment, the
wealth of knowledge which these re-
searches involve might be placed within
any intelligent boy’s reach by the wise
expenditure of half-a-crown.

Once firmly possessed of the principle
of induction and versed in its application,
the difficuities of our subjeet will melt
away before us. 1In fact our subscquent
work will consist mainly in unravelling
phenomena by the aid of this principle.

Without a knowledge of this principle
we could render no account of the attrac-
tion of necutral bodies by our cxcited
tubes.  In reality the attracted bodies
arce nof neatral : they are first clectrified
by influence, and it is because they are
thas eleetrified that they are attracted.

This is the place to refer more fully
to a point already alluded to. Neutral
bodies, as just stated, are attracted, be-
cause they are really converted into elec-
trified bodies by induction. Supposc a
body to be fecbly electrified positively,
and that yon bring your rubbed glass
tube t5 bear upon the body. You clear-
ly sec that the induced negative electricity
may be strong enough to mask and over-
come the weak positive charge possessed
by the body. We should thus have two
bodies clectrified alike, attracting cach
other. This is the danger against which
I promised to warn youin § 10, where
the test of attraction was rejected.

We will now apply the principle of in-
duction to explain a very beautiful inven-
tion, made known by the celebrated
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Volta in 1775.
§ 15. The Electrophorus.

Cut a cirele, 1, fig. 23, 6 inches in
diameter out of shcet zine, or out of
common tin. Heat it at its centre by the

I3 r ot
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flame of a spirit-lamp or of a candle.
Attach to it there a stick of scaling-wax,
1, which, when the metal cools, iz to
serve as an insulating handle.—You have
now the /id of the electrophorus. A
resinous surface, or what is simpler a
sheet of wvulcanized india-rubber, p, or
even of hot brown paper, will answer for
the plate of the electrophorns.

Rab your ‘ plate’” with flannel, or
whisk it briskly with a fox’s brush, It
is thereby negatively electrified. Place
the ¢ lid ”” of your electrophorus on the
excited surface : it touches it at a few
puints only. For the most part lid and
plate are separated by a film of air.

The excited surface acts by induction
across this film vpon the lid, attracting
it positive and repelling its negative
electricity. You kavo in fact in the lid
two layers of electricity, the lower one,
which is ¢ bound,’’ positive ; the upper
one, which is ‘‘ free,”” negative.  Lif%
the lid : the clectricities fiow again to-
gether 5 neutrality is restored, and your
lid fails to attract your balanced lath.

Once more place the lid upon the ex-
cited surface : touch it with the finger.
What occars? You ought to know.
The free clectricity, which is negative,
will escape through your body to the
earth, leaving the chained positive be-
hind.

Now lift the lid by the handle : what
is its condition ¢ Again I say you ought
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to know. It is covered with free posi-
tive electricity. If it be presented to the
lath it will strongly attract it : if it be
presented to the knuckle it will yield a
spark.

A smooth half-crown, or a penny, will
answer for this experiment. Stick to the
coin an inch of sealing-wax as an insulat-
ing handle : bring it down upon the ex-
cited india-rubber : touch it, lift 'it, and
present it to your lath. The lath may
be six or eight feet long, threc inches
wide and half an inch thick ; the little
electrophorus lid, formed by the half
crown, will pull it round and round. The
2xperiment is a very impressive one.

Scrutinize your instrument still further.
Let the end of a thin wire rest upon the
lid of your electrophorus, under a little
weight if necessary ; and connect the other
end of the wire with the electroscope.
As you lower the lid down towsrd the
excited plate of the clectrophorus, what
must occur? "The power of prevision
now belongs to you and you must exer-
cise it. The repelled electricity will flow
over the leaves of the electroscope, caus-
ing them to diverge. Lift the lid, they
oallapse. TLower and raise the lid several
times, and observe the cortesponding
rhythmic action of the electroscope leaves.

‘A little knob of scaling-wax, B, coated
with tin-foil, or indeed any knob with a
conducting surface, stuck to the lid of
the electrophorus, will enable you to ob-
tain a better spark. The reason of this
will immediately appear.

More than half the value of your pres-
ent labor consists in arranging each ex-
periment in thought before it is realized
in fact ; and more than half the delight
of your work will consist in observing
the verification of what you have foreseen
and predicted.

§ 16. Action of Points and Flames.

A,

The course of = cxposition proceeds
naturally from the electrophorus to the
electrical machine.  But before we take
up the machine we must make our minds
clear regarding the manner in which elec-
tricity diffuses itself over conductors, and
more especially over elongated and point-
ed conductors.

Rub your glass tube and draw it over
an insulated sphere of mectal—of wood
covered with tin-foil, or indeed any other
insulated spherical conductor.  Repeat
the process several times, so as to impart
a good charge to the sphere.  Touch the
charged sphere with your carrier, and
transfer the charge to the electroscope.
Note the divergence of the leaves. Dis-
charge the electroscope, and repeat the
experiment, touching, howevev, somec
other point of the sphere. = Th- electro-
scope shows sensibly the samme amount of
divergence. Even when the greatest ex-
actness of the most practised experi-
menter is brought into play, the spherical
conductor is found to be equally charged
at all points of its surface.  You may
figure the electric fluid as a little ocean
encompassing the sphere, and of the same
depth everywhere.

But supposing the conductor, instead
of being a sphere, to be a cube, an elon-
gated cylinder, a cone, or a disk. The
depth, or as it is sometimes called the
density, of the clectricity, will not be
everywhere the same. The corners of
the cube will impart a stronger charge to
your ecarrier than the sides. The end of
the eylinder will impart a stronger charge
than its middle. The edge of the disk
will impart a stronger charge than its flat
surface. The apex or point of the cone
will impart a stronger charge than its
curved surface or its basc.

You can satisfy yourself of the truth of all
this in a rough, but certain way, by charg-
ing, after the sphere, a turnip cut into the
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form of a cube ; or a cigar-box coated with
tin-foil ; a metal cylinder, or a wooden
one coated with tin-foil ; a disk of tin or
of sheet zinc ; a carrof or parsnip with its
natural shape improved so as to make it
a sharp cone. You will find the charge
imparted to the carrier by the sharp cor-
ners and points of such bodies,when elee-
trified, to be greater than that communi-
cated by the gently rounded or flat sur-
faces. The difference may not be great,
but it will be distinet. Indeed an egg
laid on its side, as we _have alrcady used
it in our experiments on induaction (fig.
16), yiclds a stronger charge from its
ends than from its middle.

Fie. 2.

Let me place before you an example of
this distribution, taken from the excellent
work on ‘¢ Frictional Electricity’’ by Pro-
fessor Riess of Berlin. Two cones, fig.
24, are placed together base to Dbase.
Calling the strength of the charge along
the circular edge where the two bases join
cach other 100, the charge at the apex of
the blunter cone is 183 ; and at the apex
of the sharper one 202. The other num-
bers give the charges taken from the
points where they are placed. Tig. 25,
moreover, represents a cube with a cone
placed upon it. The charge on the faco
of the cube being 1, the eharges at the
corners of the cube and at the apex of
the cone are given by the other numbers;
they are all far in excess of the clectricity
on the flat surface.

Riess found that he could deduce with
great accuracy the sharpness of a point,
from the charge which it imparted. He
compared in this way the sharpness of
various thoins, with that of a fine English
sewing needle. The following is the re-
sult :—Euphorbia thorn was shamper than
the needle ; gooscberry thorn of the same
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sharpness as the necedle ; while cactus,
blackthorn, and rose, fell more and more
behind the needle in sharpness.  Calling,
i>r example, the charge obtained from
ciphorbia 90 ; that obtained from the
needle was 80, and from the rose only
53.

Considering that cach eleetricity is
self-repulsive, and that it heaps itself up
upon a point, in the rmanner here shown,
you will have little difficalty in conceiv-
ing that when the charge of a conductor
carrying a point is sufficiently strong, the
clectricity will finally disperse itself by
streaming from the point.

The following cxperiments are theoret-
ically 1important: Attach a stick of
sealing-wax to a small plate of tin or of
wood, so that the stick may stand
upright. Ileat a needle and insert it into
the top of the stick of wax; on this
necdle mount horizontally a ecarrot. You
have thus an insulated conductor. Stick
into your carrot at one of its ends a sew-
ing needle ; and hold for an instant your
rubbed glass tube in front of this ncedle
without touching it. What occurs ? The
negative electricity of the carrot is imme-
diately discharged from the point against
the glass tube. Remove the tube, test
the carrot : it is positively clectrified.

And now for another experiment, not
g0 easily made, but still certain to succeed
if you are careful. Excite your glass rod,
turn your needle away from it, and bring
the rod near the other end of the carrot.
What occurs ?  The positive clectricity
is now repelled to the point, from which
it will stream into the air. Remove the
rod and test the carrot : it is negatively
clectrified.

Again turn the point toward you, and
place in front of it a plate of dry glass,
wax, resin, shellae, paraffin, gutta-percha
or any other insulator. Pass your rubbed
glass tube once Cownwards or upwards,
the insulating plate being between the ex-
cited tabe and the point. The point will
discharge its electricity against the insu-
lating plate, which on trial will be found
negatively electrified.

§ 17. The Electrical Machine.

An cleetrical machine consists of two
principal parts : the insulator which is
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excited by friction, and the ‘‘ prime con
ductor.”’

The sulphur sphere of Otto von Gue-
ricke was, as alrcady stated, the first
clectrical machine. The hand was the
rubber, and indecd it long continued to
Tor the sulphur sphere, Haulks-
bee and Wineller substituted globes of
glass. DBoze of Wittenberg (1741) add-
cd the prime conductor, which was at fir t
a tin tube supperted by resin, or suspenc.-
ed by silk.  Soon afterward Gordon
substituted a glass cylinder for the globe.
It was somctimes mounted vertically,
sometimes horizontally. Gordon so in-
tensified 1is discharges as to be able to
kill small Lirds with them. In 1760
Planta introduced the plate machine now
commonly in usec.

Mr. Cottrell has constructed for these
Lessons the emall cylinder machine shown
in fiz. 26. The glase eylinder is about 7
inches long and 4 inches in diameter ;
its cost is cighteen pence.  Through the
cylinder passes tightly, as an axis, a
picee of lath, rendered secure by scaling-
wax where it cnters and where it quits
the eylinder. o is a glass rod supporting
the conductor ¢, which i3 a picce of lath
coated with tin-foil. Into the lath is
driven the series of pin points, r, r. Tha
rubber R, is scen at the further side of
the cylinder, supported by the upright
lath »%, and caused to press against the
glass. &' iya flap of «ilk attached to the
ribber.  Vihen the handle is turned
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sparks may be taken, or a Leyden jar
charged at the knob c.

A plate machine i3 ¢hown in fig. 7.
r i3 the plate, which turns ea an axis
passing through its centre ; » and r’ ate
two rzbbers which elasp the plate, with
the flaps of cilk s 8’ attached to them. a
and A’ are rows of points forming patt cf
the prime conductor, ¢. & ¢’ is an insu-
lating rod of glass, which cuts off the
connection between the conductor and
the handle of the machine.

The prime conductor is charged in the
following manner. When the glass plate
is turned, as it passes each rubber it is
positively electrified. Tacing the elec-
trified glass is the row of points, placed
midway between the two rubbers. On
these points the glass acts by induction,
attracting the negative and repelling the
positive.  In accordance with the princi-
ples already explained in § 16, the nega-
tive clectricity streams from the points
against the cxcited glass, which then
passes on neutralized to the next rubber,
where it is again excited.

Thus the prime conductor is charged,
not by the dircct communication to it of
positive clectricity, but by depriving it
of its negative.

If when the conductor i3 charged you
bring the knuckle near it, the clectrieity
passes from the conductor to the knuckle
in the form of a spark,

Take this spark with the blunt knuckle
while the machine is being turned ; and
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then try the effect of presenting the fingce
ends, instead of the knuckle, to the con-
ductor. The spark falls exceedingly in
brilliancy. Substitute for the finger ends
a needle point : you fail to get a spark
at all. To obtain a good spark the elec-
tricity upon the prime conductor must
reach a suffivient density (or teusion as it
iz sometimes called) ; and to secuare this
no points from which the ecleetrieity can
streamr out mast cxist on the conductor,
or be presented to it. All parts of the
conductor are therefore carefully rounded
off, sharp points and edges being avoided.

It is usual to attach to the conductor
an eclectroscope consisting of an upright
metal stem, A ¢, fig. 28, to which a straw
with a plth ball, b, at its free end, is at-
tached. The straw turns loosely upon a
pivot at . The electricity passing from
the conductor is diffused over the whole
electroscope, and the straw and stem be-
ing both positively electrified, repel cach
other. .The straw, being the movable
body, flies away. The amount of the
divergence is measured upon a graduated
arc.

§ 18. Further Experiments on the Action
of Points.-—The Electric Mill.—The
Gelden Fish.—Liyhtning Conductors.

If no point exist on the conductor, &
single turn of the handle of the machine
usually suffices to cause the straw to stand
out at a large angle to the stem. If, on
the contra.ry, a pomt. be attached to the
conductor, you cannot produce a large
divergence, because the electricity, as

-of points and flames.
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fast as it is generated, is dispersed by the
poiut. The same effect is observed when
you present a point to the eonductor.
The conductor acts by induction upon the
point, causing the negative electricity to
stream from it against the conductor,
which is thus nentralized almost as fast as
it is charged. Flames and glowmn‘ em-
bers act hke points; they also rapidiy
dizcharge clectricity.

The dectnmty escaping from a pomt
or flame into the air renders the air self
repulsive. The consequence is that when
the hand is placed over a point mounted
on the primne conductor of a machine in
good action, a cold blast is distinetly felt.
Dr. Watson noticed this blast from a
flame placed on an electrified conductor ;
while Wilson noticed the blast“from a
point. “Jallabert ‘and the Abbé Nollet
also observed and deseribed theinfluence
The blast is called
the ¢ electric wind.””  Wilson moved
bodies by its action : Faraday caused a1t
to dﬂplew the surface of a liquid : Ham-
ilton employed the reaction of the clectrie
wind to make pointed wires rotate. The
““wind ”’ was also found to promote
evaporation.

Hamilton’s apparatus is called the

¢ electric mill.””  Make one for yourself
thus : Place two straws s s, 88’ fig. 29,
about eight inches long, across each other
st a right angle.  Stick themn together at
their centres by a bit of sealing-wax.
Pass a fine wire tl]rongll cach straw, and
bend it where it issues from the strdw

sc as to form a little pointed wrm perpen-
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dieular to the straw, and from half an
inch to three quarters of an inch long.
1t is easy, by means of a bit of cork or
sealing-wax, to, fix ‘the wire so that the
little bent arms shall point not upward or
downward, but sideways, when the cross
is horizontal. The points of sewing
needles may also be employed for the bent
arms. A little bit of straw stuck into the
cross at the centre forms a cap. This
slips over a sewing mneedle, N, supported
by a stick of sealing-wax, a. Connect
the sewing needle with the eleetric
machine, and turn. A wind of a certain
force is discharged from every point, and
the cross is urged round with the same
force in the opposite dircetion. »

You might casily, of course, so
arrange the points that the wind from
some of them would neutralize the wind
from others. But the little pointed arms
are to be so bent that the reaction in
every case shall not oppose but add itself
to the others.

The following experiments will yield
you important inforimation regarding the
action of points. Stand, as you have so
often done before, upon a board support-
¢d by four warm tumblers. Hold a small
sewing needle, with its point defended
by the forefinger of your right hand,
toward your Dutch metal electroscope.

Fra. 30.
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Place your left hand on the prime con-
ductor of your machine. Let the handle

Fra. 381.

be turned by a friend or an assistant : the
leaves of the electroscope open out a lit-
tle. Uncover the needle point by the re-
moval of your finger ; the leaves at once
fly violently apart.

Mount a stout wire upright on the con-
ductor, ¢, fiz. 30, of your machine ; or
sapport the wire by scaling-wax, gutta-
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percha or glass, av a distance from the
conductor, and connect both by a fine
wire. Bend your stout wire into a hool,
and hang from it a tassel, T, composed
of many strips of light tissue paper.
Work the machine. Eleetricity from the
conductor flows over the tassel, and the
strips diverge.  IIold your closed fist
toward the tassel, the strips of paper
streteh toward it. 1lold the needle, de-
fended by the finger, toward the tasscl :
attraction also ensues. Uncover the needle
without moving the hand ; the strips
retreat as if blown away by a wind.
Holding the needle, w, fig. 381, upright
underneath the tassel, its strips discharge
themselves and collapse utterly.

And now repeat Du Fay’s experiment
which led to the discovery of two electric-
ities. Excite your glass tube, and hol
it in readiness while a friend or an assist-
ant liberates a real gold or silver leaf in
the air.  Bring the tube near the leaf :
it plunges toward the tube, stops sud-
denly, and then flies away. You may
chase it round the room for hours with-
out permitting it to reach the ground.
The leaf is first acted upon inductively
by the tube. It is powerfully attracted

Fic. 33.

for a momcnt, and rushes toward the
tube. But from its thin edges and cor-
ners the negative clectricity streams forth,
leaving the Itaf positively clectrified.
Repulsion then sets in, because tube and
leaf are clectrified alike, as shown in fig.
32. The retreat of tle tassel in the last
cxperiment is due to a similar cause,
There is also a discharge of positive
cleetricity into the air from the more dis-
tant portions of the gold-leaf, to which
that clectricity is repelled. Both dis-
charges are accompanied by an electric
wind. It is.possible to give the gold-
leaf a shape which shall enable it to floas
securely in the air, by the reaction of the
1wo winds issuing from its opposite ends.
This is Franklin’s cxperiment of the
Golden Fish. 1t was first made with the
charged conductor of an elcetrical ma-
chine. M. Srtsezek revived it in a more
convenient form, using instead of the
conductor the knob of a charged Leyden
jar.  You may walk round a room with
the jar in your hand ; the *“ fish *’ will
obediently follow in the air an inch or
two, or even three iuches, from the
knob. ~ See 4 b, fiz. 33. Even a hasty
motion of the jar will not shake it away,
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Well - pointed lightning  conductors,
when acted on by a thunder cloud, dis-
charge their induced cleetricity against
the cloud.  Franklin saw this with great
clearness, and illustrated it with great in-
genuity.  The under side of a thunder
cioud, when viewed honzontally, he
observed to be ragged, composed, in
fact, of fragments one below the other,
sometimes reaching near the carth.
Thesc he regarded as so many stepping-
stones which assist in conducting the
stroke of the cloud. To represent these
by experiment Lie took two or three locks
of fine loose cotton, tied them iv a row,
and hung them from hLis primie con-
ductor, When this was excited the locks
stretched downward toward the earth ;
but by presenting a sharp point erect
under the Jowest bunch of cotton, it
shrunk upward to that above it, nor did
the shrinking cease till all the locks had
retreated to the prime conductor itself.
* May not,”” says Frankliu, ¢“the small
electrified cloud, whose equilibrium with
the carth is o soon restored by the point,
rise up to the main body, and Ly that
means occasion so large a vacancy that
the grand cloud cannot strike in that
place ?’

§ 19. History of the Leyden Jar.—The
Leyden Battery.

The next discovery which we have to
master throws all former ones into the
shade. It was first announced in aletter ad-
dressed on the 4th of November, 1745,
to Dr. Licberkithn, of Berlin, by Kleist,
a clergyman of Cammin, in Pomerania.
By means of a cork, c, fig. 34, Le fixed a
rail, N, in a phial, ¢, into which he had
poured a little mercury, spirits, or water,
w. On clectrifying the nail he was able
to pass from one room into another witl
the phial in his hand snd toignite spiritz
of wine with it. “‘ If,’’ said he, *¢ while
it is electrifying I put my finger, or a
piece of gold which I hold in my hand,
to the nail, I receive a shock which stuns
‘my arms and shoulders.”’

In the following year Cunaeus of Ley-
den made substantially the same discov-
ery. It caused great wonder and dread,
which arose chietly from the excited im-
agination. Musschenbroek felt the shock,
and declared in a letter to a friend that
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hie would pot take a sccond one for the
crown of I'rance. DBleeding at the nose,
ardent fever, a heaviness of head which
endured for days, were all ascribed to the
shock. DBoze wished that he might die
of it, so that he might enjoy the honor
of having his death chronicled in the
Paris ‘¢ Academy of Sciences.”” Kleist
missed the explanation of the phenome-
non ; while the Leyden philosophers cor-
rectly stated the conditions necessary to
the success of the experiment. Ilence
the piial received the name of the Ley-
den phial, or Leyden jar. -

The discovery of Kleist and Cunseus
excited the most profound interest, and
the subject was explored in all directions.
Wilson in 1746 filled a phial partially
with water, and plunged it into water, so
as to bring the water surfaces, within
and without the phial, to the same level.
On charging such a phial the strength of
the shock was found greater than had
ocen observed before.

Two years subsequently Dr. Watson
and Dr. Devis noticed how the charge
grew stronger as the area of the conduct-
or in contact with the outer surface of
the phial increased. They substituted
shot for water inside the jar, and ob-
tained substantially the same effect. Dr.
Bevis then coated a plate of glass on both
sides with silver foil, to within about an
inch of the edge, and obtained from it
discharges as strong as those obtained
from a phial containing half a pint of
water. Finally Dr. Watson coated his
phial inside and out with silver foil. By
these steps the Leyden jar reached the
form which it possesses to-day.

It is easy to repeat the experiment of
Dr. Bevis. Procure a glass plate nine
inches square ; cover it oun both sides, as
he did, with tin-foil seven inches square,
leaving the rim uncovered. Connect one
side with the carth, and the other with
the machine. Charge and discharge :
you obtain a brilliant spark.

In our experiment with the Golden
Fish (fiz. 33), we employed a common
form of the Leyden jar, only with the
dlfference that to get to a cullicient dis.
tance from the glass, so as to avoid the
attraction of the fish by the jaritself, the
knob was placed higher than usual. Dot
with a good flint-glass tumbler, a piece of
tin-foil, ard a bit of stout wire, you can
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make a jar for yourself. Dad glass, re-
mermber, is not rare.  In fig. 35 you
have such a jar. t is the outer, 7. the
inner coating, reaching to within im inch
of the edge of the tumbler ¢. w is the

Fia. 36.

wire fastened below by wax, and sur-
mounted by a knob, which may be of
wctal, or of wax or wood, coated with
tin-foil. In charging the jar you con-
neet the outer coating with the carth—
say with a gas-pipe or a water-pipe—and
present the knob to the conductor of
your machine. A few turns will charge
the jar. It is discharged by laying one
knob of a ‘‘discharger’’ against the
outer coating, and causing the other knob
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to approach the knob of the jar. Be-
fore conlact, the clectricity flies from
knob to knob in the form of a spark.

A ‘“ discharger’” suited to our means
and purposcs is shown in fiz. 36. misa
stick of sealing-wax, or, better still, of
ebonite ; w w a stout wire bent as in the
figure, and ending in the kaobs b ',
Thesc may be of wax coated with tin-
foil. Any other light conducting knobs
would of course answer. The insulating
handle m proteets yon effectually from
the shock.

You must render yourself expert in the
use of the discharger. The mode of
using it is shown in fig. 37.

By augmenting the size of a Leyden
jar we render it capable of accepting a
larger charge of clectricity. But there
is a limit to the size of a jar. When
therefore, larger charges arc required
than a single jar can furnish, we make
use of a number of jars. Infig. 38 nine
of them are shown. All their interior
coatings are united together by brass
rods, while all the outer coatings rest
upon a metal surface in free communica-
tion with the earth.

This combination of Leyden jars con-
stitutes the Leyden Batlery, the effect of
which is cqual to that of a single jar :f
nine tinies the size of one of the jars.

§.20. Ezxplanation of the Leyden Jar.
The principles of electrieal induction
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Fic. 38.

with which you are now so familiar will
enable you to thoroughly analyze and
understand the action of ihe Leyden jar.
In charging the jar the outer coating is
connceted with the carth, and- the i inner
coating with the electrical ‘machine. Let
the maLhine, as usual, be of glass yield-
ing positive e]ccmcntv When it is
worked the clectricity poured into the jar
gcts inductively across the glass upon the
ouler coating, attracting its negative and
repelling its positive to the earth. Two
rautually attractive electric layersare thus
in presence of each other, being scpara-
ted merely by the glass.  When the ma-
chine is in good order and the glass of
the jar is thin, the attraction way be ren-
dered strong enough to perforate the jar.
By means of the dx:chmgcl the opposite
electricities are cnabled to unite in the
form of a spark.

Franklin saw and announced with clear-
ness the cscape of the clectricity from
the outer coating of the jar. His state-
ment is that whatever be the quantity of
the ‘¢ clectric fire’’ thrown into the jar,
an cqual quantity was dislodged from the
outside. We have now to prove by ae-
tual experiment that this explanation is
correct.

Place your Leyden jar upon a table,
and connect the outer coating with your
electroscope. There is no divergence of
the leaves when electricity is poured into
the jar.

But here the outer coating is connect-

ed through the table with the carth. Let
us cuu oﬁ this communication by an in-
sulator.  Place the jar uponaboard <ap-
portcd by warm tumblers, or upon a
picce of vuleanized india-rubber cloth,
and again conncct the outer coating with
the electroscope.  The moment electric-
ity is connnunicated to the knob of the
jar the leaves of Dutch metal diverge.
Detach the wire by your discharger and
test the quality of the clectricity—it is
positive, as theory declares it must be.

Consider now the experimens of Kieist
and Cunwus (fig. 34).  You will, I doubt
not, penetrate its meaning.  You will see
that in their case the Aand formed the
outer coating of the jar. When elec-
tricity was communicated through the
nail to the water within, that clectricity
acted across the glass inductively upon
the hand, attracting the one fluid and
repelling the other to the carth.

Again, I say, prove all things; and
what is here afirmed may be proved by
the following beautiful and conclusive ex-
periment : Stand on your board, 1 1’ fig.
39, insulated by its four tumblere ; or
upon a sheet of gutta-percha, or vulc’m-
ized india-rubber. Seize the old Leyden
phial, 5, with your left hand, and pre-
sent the knvckle of your right hand to
your balanced lath, L’ L. . When electric-
ity is communicated to the nail, the lath
is immediately attracted by the knuckle.
Or touch your eclectroscope with your
right hand ; when the phial is charged
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the leaves immediately diverge, by the
electricity driven from your left hand to
the clectroscope.

Here the nail may be electrified either
by connecting it with the prime condnet-
or oft he machine, or by rubbing it with
an excited glass rod. Indeed, I should
prefer your resorting to the simplest and
cheapest means in making these cxperi-
ments.

§ 21. Franklin's Cascade Battery.

As a thoughtful and reflective boy or
girl you cannot, I think, Lelp wondering
at the power which your thorough mas-
tery of the principles of induction gives
you over these wonderful and complica-
ted phenomena. By those principles the
various facts of our science are bound to-
gether into an organic whole. DBut we
have not yet exhausted the fruitfulness of
this principle.

Consider  the following problem.
Usually we allow the electricity of the
outer coating to escape to the earth.
Suppose we try to utilize it. Place, then,
your jar, o B, fig. 40, upon vulcanized
india-rubber, and conncet by a wire 5 ¢
its outer coating with the knob or inner
coating of a second jar ¢ b. What will
oceur when the first jar is charged ?
Why, the sccond one will be charged also

Fia. 30.

by the electricity which has escaped from
the outer coating of the first. And sup-
pose you conneet the outer coating of
the second insulated jar with the inner

0y "Brd
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coating of a :hird, = ¥; what oceurs?
The third jar will obviously be charged
with the electricity repelled from the
outer coating of the second. Of course
we need not stop liere. We may have a
long series of insulated jars, the outer
coatiug of each being connected with the
inner coating of the next succeeding one.
Connect the outer coating of the last jar
1k by a wire ¢ with the ecaith, and charge
the first jar. You charge thereby the
entire series of jars. In this simple way
yoa master practically, and grasp the
theory of Franklin's celebrated ** cascade
battery.”’

You must see that before making this
important experiment you could really
have predicted what would occur. This
power of prevision is one of ‘the most
striking characteristics of science.

8 22. Novel Leyden Jars of the Simplest
Form.

Possessed of its principles, we can re-
duce the Leyden jar to far sinpler forms
than any hitherto dealt with. Spread a
sheet of tin-foil smoothly upon a table,
and lay upon the foil a pane of glass.
Remember that the glass, as usnal, must
be dry. Stick on to the glass by scal-
ing-wax two loops of narrow silk ribbon,
by which the pane may be lifted ; and
then lay smoothly upon the glass a sec-
ond sheet of tin-foil, less than the pane
in size, leaving a rim of uncotercd glass
all round. Carry a fine wire from the
uppar sheet of tin-foil to your electro-
scope, - - A little weight will keep the end
of the wire attached to the tin-foil.

Rub this weight with your excited
glass tube, two or three times if neces-
sary, until you see a slight divergence of
the Dutch metal leaves.  Or connecting
the weight with the conductor of your
machine, turn very carefully until” the
slight divergence is observed,. What is
the condition of things here?  You have
poured, say positive electricity on to the
upper sheet of metal. Itacts inductively
across the glass upon the under sheet, the
positive fluid of which cscapes to the
carth, leaving the negative behind. Yon
sec before your mind’s eye two layers
holding each other in bondage. Now
take hold of your loops and lift the glass
plate, so as to separate the upper tin-foil
from the lower. 'What would you ex-
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peet to occur?  Freed from the grasp of
the lower laver, the clectricity of the up-
per one will diffuse itself over the elee-
troscope so promptly and powerfully,
that if you are not careful you will de-
stroy the instrument by the mutual repul-
sion of its leaves.

Practise this cxperiment, which is a
very old one of mine, by lowering and
lifting the glass plate, and observing the
corresponding rhythmic action of the
leaves of the electroscope.

Comnon tin-plate may be used in this
experiment instead of tin-foil, and a
sheet of vulcanized india-rubber instead
of the pane of glass. Or simpler still,
for the tin-foil a sheet of common un-
warmed foolscap may be employed.
Satisfy yourself of this. Spread a sheet
of foolscap on a table ; lay the plate of
gl:lss upon it, an 1 spread a leaf of fools-
cap, less than the glass in size, on the
plate of glass. Conncct the loaf with
the clectroscope, and charge it, exactly
as you charged the tin-foil.  On lifting
the glass with its leaf of foolscap, the
leaves of the clectroscope instantly fly
apart ; on lowering the glass they again
fall together. Abandon the under sheet
altogether, and make the table the outer
coating ; if it be not of very dry wood,
or covercd by an insulating varnish, you
will obtain with it the results obtained
with the tin-foil, tin, and foolscap.
Thus by the simplest means we illustrate
great principles.

The withdrawal of the clectricity from
the electroscope, by lowering the plate of
glass, so as to bring the electricity of the
upper coating within the grasp of the

Fia. 41,
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lower one, is sometimes called ‘¢ conden-
gation.”” The electricity on one plate or
sheet was figured a3 squeczed together,
«r condensed, by the attraction of the
. other. A spccnl instrament called a
eondenser i3 constructed by instrument
makers to illustrate the action here ex-
plained.

You may readily make a condemer for
yourself. Take two circles, » ¥/, fig. 41,
of tin or of sheet zine, and support the one,
¥, by a stick of scaling-wax or glass, ¢ :
the other, p, by a metal stem, co:meutcd
with the carth. The insulated plate, #’
i3 called the collecting plate ; the unin.
sulated onec, p, the condensing plate.
Connecet the collecting plate with your
clectroscope by the wire w, and bring the
condensing plate near it, leaving, how
ever, a thin space of air between them.
Charge the collector, ¢/, or the wire, w,
with your glass rod, until the leaves of
the clectroscope bdegin to diverge.
Withdraw the condensing plate, the
leaves fly asunder ; bring the condensing

. plate near, the leaves again collapsze.

Or vary your constr.lcmon and make
your condenser thus. Empl())nw the
table, or a sheet of foolscap if the table
be an-insulator, as one plate of the con-
denser, spread upon it the sheet of india-
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rubber, p, fiz. 42, and lay upon the,
rubber the sheet of block-tin, A 3.  Con-

neet the tin by the wire, w, with the

electroscope, 1. Impart clectricity to

the little weight, a, till the leaves, 1, be-

gin to diverge : then lift the tin plate by

s two silk loops ; the leaves at once fly

esunder.

Finally, show your complete knowledge
of the Leyden jar, and your freedom
from the routine of the instrument makers,
by making a ‘‘jar’”’ in the followiaz
novel way. Stand upon a board sup-
ported by warm tumblera, Ilold in your
right hand a sheet of wvulcanized india-
rubber, and clasp, with it between you,
the left hand of a friend in connection
with the ecarth. Place your left hand on
the conductor of the inachine, and let i$
be worked. You and your-friend soon
foel a crackling and = tickling of the
hands, due to the heightening attraction
of the opposite clectricitics across the ia-
dia-rubber, The ‘‘ hand-jar’” 1is thea
charged. To dischargs it you have only
to bring your other hands together : ths
shock of the Leyden jar is then felt and
its spark scen and heard.

By the discharge of the hand-jar you
cen fire gunpowder.  But this will be re-
ferred to more particularly further om.
(See § 25.)

§ 23. Secat of Chargein the Leyden Jar.

Franklin sought to determine how the
charge was hidden in the Leydea jar.
He charged with electricity a bottle half
filled with water and coated on the out-
side with tin-foil ; dipping the finger o}
one hand into tlie water, and touching
the outside coating with the other, he
received a shock. Ile was thus led ta
inquire, Is the electricity in the water?
He poured the water into a second bot-
tle, examined it, and found that it had
carried no electricity along with it.

His conclusion was ‘¢ that the electrig
fire must either have been lost in the de-
canting, or must have remained in the
bottle. The latter he found to be true
for, filling the charged bottle with fresh
water, he obtained the shock, and was
therefore satisfied that the power of gie-
ing it resided in the glass itself.”’*

* Priestley’s ‘ History of Electricity,”’
Sd cdition, p. 149
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(An account of Franklin’s discoveries
was given by lim in a scries of letters
addressed to Peter Colhnson, Ilsq.s
F.ILS., from 1747 to 1754).

So mnch for history ; but yon are to
verify the history by repeating Franklin’s
experiments.  Place water in a wide
glass vesscel 5 place a sccond glass vessel
within the first, aud fill it to. the same
height with water. Conncet the outer
water by a wire with the earth, and the
inner water by a wire with the clectric
machine. Oune or two tarns furnish a suf-
ficicnt charge. Removing the inner wire,
and dipping onc finger into the outside
and the other into the inside water, a
smart shock is felt. This was Franklin’s
first experiment.

Pass on to the second. Coat a glass
jar with tin-foil (not too high) ; fill it to
the same height with water, and place it
on india-rubber cloth.  Charge it by
connecting the outside coating with the
carth, and the water inside (by means of
a stem ccmented to the bottom of the iar
and cnding above in a knob) with an
electric machine, You obtain a bright
spark on discharging. This proves your
epparatus to be in good order.

Recharge. Take hold of the charged
jar with the india-rubber, and pour the
water into a sccond similar jar. No sen-
sible charge is imparted to the latter.
Pour fresh unelectrified water into the
first jar, and discharge it. The retention
of the charge is shown by a brilliant spaik.
Be careful in thesc experiments, or you
will fail, as I did at first. The edge of
the jar out of which the water is poured
has to be surrounded by a band of Libu-
lous paper to catch the final drop, which,
trickling down, would discharge the jar.

Experiments like those of Franklin are
now made by rendering the coatings of
the Leyden jar movable.  Such a jar be-
ing charged, the interior coating may be
lifted out and proved unelectric. The
glass may then be removed from the outer
coating and the latter proved unelectric.
Restoring the jar and coatings, on con-
necting the two latter, the discharge
passes in a brilliant spatk.

Muke a jar with movable coatings
thus : Roll cartridge paper round a good
flint-glass tumbler, ¢, fig. 43, to within
about an inch of the top. Paste down
the lower edge of the paper, and put a
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paper bottom to it corresponding to the
bottom of the glass,  Coat the paper, T,
inside and out with tin-foil. Make a
similar coating, 1’, for the inside of the
tumbler, attaching to it an upright wire,

w, ending in a hook. You have then to
all intents and purposes a Leyden jar.

Put the pieces together and charge the
jar. By means of a rod of glass, scal-
ing-wax, or gutta-percha, lift out the in-
terior coating. It will carry a little elec-
tricity away with it. Place it upon a
table and discharge it wholly. Then by
the hand lift the glass out of the outer
coating. Neither of the coatings now
shows the slightest symptom of electric-
ity. Restore the tumbler to its outer
coating, and by mcans of the hook and
insulating rod, restore the inner coating
to its place.  Discharge the jar: you
obtain a brilliant spark. The eclectricity
which produces this spark must have
been resident in and on the glass.

Here, as in all other cases, you can
charge your jar with a rubbed glass tube,
though a machine in good working order
will do it more rapidly. With ¢ Cot-
trell’s rubber,”’ described in the next
section, you may greatly exalt the per-
formance of your glass tube.

"§ 24. Ignition by the Klectric Spark.

—-Cottrell’'s Rubber.—The Tube-ma-
chine,

Various attempts had been vainly made
by Nollet and others to ignite inflam-
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mable substances by the electric spark,
This was first effected by Ludolf, at the
opening of the Academy of Sciences by
Frederick the Great at Berlin, on the

83d of January, 1744. With a spark
from the sword of onc of the court cav-
aliers present on the occasion, Ludolf ig-
nited sulPhuric cther.

Dr. Watson also made numerous ex-
periments on the ignition of bodies by
the electric spark. He fired gunpowder
and discharged guns. Causing, more-
over, a spoon containing ether to be held
by an elcetrified person, he ignited the
cther by the finger of an uneclectrified per-
son. He also noticed that the spark va-
ried in color when the substances between
which it passed varied.

These, and numecrous other experi-
ments may be made with a far simpler
‘‘ machine”’ than any hitherto desciibed.
It was devised for your benefit by Mr.
Cottrell. In the clectric machine, as we
have learned, the prime econductor is
flooded with positive electricity through
the discharge-of 'the negative from the
points against the excited glass, Your
glass tube and rubber may be similarly
turned to account. A strip of sheet-
brass or copper, Pp, fig. 44, is sewn on to
the edge of the silk pad, r, employed as
a rubber.
about twenty pin-poiats are introduced,
and soldered to the metal. When the
tube is clasped by the rubber, the metal
strip and points quite encircle the tube.

When a fine wire, w, connects the strip
of meti! with the knob of a Leyden jar,
by every downward stroke of the rubber
the glass tube is powerfully excited, and

Through apertures.in the strip.

e g

hotly following the exciting rubber is ti=
circle of points. From these, against the
rod, negative electricity is discharged,.
the frec positive electricity escaping along:
the wire to the jar, which .is thus rapid--
ly charged.

The ignition of gas is readily effected!
by Cottrell’s rubber. Connecting the:
strip of metal, &, fig. 45, with an insulat--
ed metallic .knob, B, placed within a
quarter or an eighth of an inch of am
uninsulated argand burner connected with:
the - carth, at every downward stroke of"
the rubber a stream of sparks passes be~
tween the knob and burner. If gas be
turued on, it is immediately ignited by
the stream of sparks. Blowing out the
flame and repeating the experiment, every
stroke of the rubber infallibly ignites the:

as.

Sulphuric ether, in a spoon which has.
been previously warmed, is thus ignited ;;
but the ether soon cools by evaporation ;:
its vapor is diminished by the cold, and
it is then less easy to ignite. Bisulphido
of carbon may be substituted for the
ether, with the certainty that every stroke
of the rubber will set it ablaze.  The
spark thus obtained also fires a mixture
of oxygen and hydrogen. The two gases
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unite with explosion to form water, when
an clectric spark is passed through them.

Mr. Cottrell has also mounted his glass
tube 50 as to render friction in both direc-
itions available. The {ube-machine is
represented in fig. 46. A pisthe glass
tube, ciasped by the rubber, r. » »' arc
two strips of mectal furnished with rows
of points. From p p’ wires proceed to
the knob ¢, which is insunlated by the
horizontal stem, ¢. This insulating stem
may be abolished with advantage, the
wires from p and ¢’ being rendered strong
enough to support the ball c. At ¢
sparks may be taken, a .Leyden jar
charged, the electric mill tarned, while
wires carried from it may be employed
in experiments on ignition. I however
strongly recommend to your attention
the more simple rubber shown in fig. 44.

‘¢ Seldom,’’ says Riess, *‘ has an ex-
penment done so mach to dcvelop the
science to which it belongs as this of the
ignition of bodies by the clectric sparks.”’
It aroused universal interest; sand was
repeated in all Royal houses. Money
was ready for the further prosccution of
cleetrical rteseurch.  The  experiment
afterward  spread among the people.
Riess considers it pmlmblu that the gen-
eral interest thus excited led to the dis-
eovery of the Ley:den jar, whieh was 1nade
soon #terward.

Fie. 46.

LESSONS IN ELECTRICITY. -

Fia. 47,

Klingenstierna astonished King Fred-
erick of Sweden by igniting a spoon of
alcohol with a piece of ice. With Cot-
trell’s rubber and bisulphide of “carbon
this striking cxperiment is casily made,
and you ought to render your knowl-
edge complete by repeating it. At
every stroke of the rubber the spark
from the end of a pointed rod of ice in-
fallibly sets the bisulpl\ide on fire,

Cadogan Morgan, in 1785,s0ught topro-
duce the electric Spall; in the interior of
solid bodies. IHe inserted two wires into
wood, and caused the spark to pass be-
tween them: thewood wasilluminated with
blood-red light, or with yellow light, ac-
cording as the dop‘h at which thc spark
was produced was greater or less, The
spark of the Leyden jar produced within an
ivory ball, an orange,an apple,or.under the
thumb, 1llummates these bodies tlirough-
out. A lemon is espeeially suited to thig
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experiment, flashing forth at every spark
as a spheriod of brilliant golden light.
The manner in which the lemon is mount-
ed on the brass stem B is shown in fig.
47. The spark occurs at s, in the interval
between the stems A and B. A row of
eggs in a glass cylinder is also brilliantly
illuminated at the passage of cvery spark
from a Leyden jar.

§ 25. Duration of the Electric Spark.

The duration of the eleetric spark is
very brief 5 in a speeial case Sir Charles
Wheatstone found it to be grizgth of a
sccond. This, however, was the maxi-
mum duration. In other cases it was
less than the millionth of a second.

‘When a body is illuminated for an in-
stant, the image of the body remains
upon the retina of the eye for about one-
fifth of a-sccond. If, then, a body in
swift motion be-illuminated by an instan-
taneous flash, . it will be seen to stand
motionless for one-fifth of a second at
the point where the flash falls upon it. A
rifie bullet passing through the air, and
illuminated by an electric flash, would
be seen thus motionless ; a circle like o
p’, fig. 48, divided into black and white
sectors, and rotating so quickly =z« to
cause the sectors to blend to a uniform
gray, appears, when illuminated by the
spark of a Leyden jar, perfectly motion-
less, with all its sectors revealed. A fall-
ing jet of water, which appears contin-
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uous, s resolved by the electric flash
into its constituent drops. Lightning,
as shown by Professor. Dove, is similarly
rapid in its discharge.

For a long time it was found almost
impossible to ignite gunpowder by the
clectric spark. Its duration is sa brief
that the powder, when the discharge oc-
curred in its midst, was simply scattered
violently about. In 1787 Wolff intro-
duced into the circuit through which the !
discharge passed a glass tube wetted on |
the inside. Ile thereby rendered the
iguition certain. This was owing to the
retardation of.the spark by the imperfect
conductor. Gun-cotton, plhosphorus, and
amadou, which are torn asunder by the
unretarded sparks are ignited when the
discharge is retarded by a tube of water,
A wetted string is the usual means re-
sorted to for retardation when gunpow-
der is to be discharged.

The instrumcut usually employed for
the ignition of powder is the uuiversal
discharger.  We make our own dis-
charger thus : 1 and 3-(fig. 49) are ia-
sulating rods of glass or scaling-wax,
supporting two metal arms, the ends of
which can be brought down upon the
little central table s. One of the metal
arius of the discharger being connected
by a wire e with the eartl;, the separated
ends of the two arms are surrounded
with powder s.  Sending through it the
unretarded charge, the powder is scatter
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od mechanically.
string w into the circuit, ignition infalli-
bly occurs when the spark passes.

This is the place to fulfil our promise
to ignite gunpowder by the ¢ hand-jar.”’

Introducing the wet

Fig. 50 explains the arrangement. 1’
arc the hands of the insulated person.
r the hand of the uninsulated friend, 1
the india-rubber betwcen both hands.
The lead ball B is suspended by a wet
string s.  On the little stand p, connect-
ed with the earth, is placed the powder.
The charging of the hand.-jar is described
in § 22. When charged, it is only nce-
essary to bring the ball 8 down upon
the powder to cause it to explode.

§ 26. Electric Light in Vacuo.

The electric light in vacuo was first
observed by Picard in_1675. While
earrying & baroneter from the Observa-
tory to the Porte St. Michel in Paris, he
saw light in the upper portion of the
wbe. Sebastien and Cassini obsecrved it
afterwards in other barometers. John
Bernouilli devised a ‘‘ mercurial phos-
phorus,”” by shaking mercury in a tube
which had been exhausted by an air-
i‘mnp. This was handed to the King of

russia—Frederick I.—who awarded for
it a medal of forty ducats value. The
ﬁ'reat mathematician wrote a poem in

onor of the occasion.
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Bernouilli failed to explain the effect.
The explanation was reserved for Hauks-
bee, who in 1705 took up the subjeet
and ecxperimented upon it before the
Royal Society. On the plate of an air-
pamp he placed two bell-jars, one over
the other. Th: outer and larger jar was
open at the top. Into the opening
Ilauksbee fixed, air-tight, a funnel,
which he stopped with "a plug of wood
and filled with mercury. e exhausted
the space between the two jars, withdrew
the wooden plug and allowed the mer-
cury to strean against the outer snrface,
of the inner jur. llc thus obtained a
shower of fire. This is a truly beautiful
cxperiment when witnessed by an ob-
server close at hand.

A copy of Hauksbee's own figure il-
lustrating this experiment is annexed,
fig. 51. ™ is the funncl containing the
mercury, pthe plug of wood, s the, outer
and &' the inner bell-jar.  Instead of the
plug p, an india-rubber tube, held by a
clip, may be employed with advantage to
councet the fuunel with the exhausted
jar. By gradually relaxing the clip the
mereury way be made to fall at a rate
corresponding to the maximum luminous
effect. The streams of light produced
are very beautiful, but they arc more
continuous than they arc shown to be by
Hauksbee.

In 1706 lanksbee referred the phe-
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nomenon to‘its true cause, _ngxmely, the
friction between mercury and glass in the
highly rarefied air. John Bernouilli ridi-
culed Hauksbee’s explanation.  But
troth outlives ridicule, and it is now uni-
versally admitted that Hauksbee was
right.

Hauksbee also made the following ex-
periment, which, as shown by Riess, is
explained by reference to the principle of
induction. A hollow glass globe was
mounted so as to be capable of quick
rotation. It was exhausted, and while
it rotated the hand was placed against it
in the dark. It was positively clectri-
fied by the hand. This positive electricity
acted inductively on the glass itself, at-
tracting its negative, but discharging its
positive as a luminous giow through the
rarefied air within. Ilaukshee was able
to read by the light thus produced.

By such cxperiments it was shown that
rarefied air favored the passage of elec-
tricity. Dry air is in fact an insulator,
which must be broken through to pro-
duce the eleetric spark. Through an ex-
hausted glass tube six feet long a dis-
charge freely passes which would be in-
competent to leap over the fiftieth part
of this interval in air. DBut whereas the
spark in air is dense and Drilliant, the
discharge in vacuo fills -the exhausted
tube with a diffuse light.

(1t is here worthy of remark that at
a very carly period Grummert, a Yole,
proposed the cmployment of this diffuse
electric light to rlluminate coal mines—a
notion which has been revived in our
day. The light in this form is not com-
petent to ignite the explosive gases which
produce such terrible disasters in mines.}

Priestley, in his ‘¢ History of Electric-
ity,”” thus describes the light in vacuo.
¢ Take a tall receiver, very dry, and in the
top of it insert with cement a wire not
very acutely pointed, then exhaust the
receiver and present the knob of the wire
to the conductor, and every spark will
pass through the vacuum in a broad
stream of light, visible through the whole
length of the receiver, Le it ever so tall.
This stream often divides itself into a
variety of beautiful rivulets; which are
continually changing their course, uniting
and dividing again in the most pleasing
manner., If a jar be discharged through

8%h

this vaeuum, it gives the appearance of a
very dense body of fire, darting directly
through the centre of the vacuum with-
out ever touching the sides.”

Cavendish employed a double barome-
ter-tube, bent into a form of a horseshoe,
with its curved portion empty, to show
the passage of eclectricity through a
vacuum. It is really not the vacuum
which conducts the electricity, but the
highly attenuated air and vapor which
fill the space above the barometric
columns. 'When the mercury employed
is carefully purged of air and moisture
by previous boiling, the space above
the mercury, as proved by Walsh,
De Lue, Morgan, and Davy, is" wholly
incapahle of conducting electricity.
Similar experiments have been made in
the laboratory of Mr. Gassiot, to whom
we are indebted for so many beantiful
electrical experiments., Professor Dewar
has also brought his experimental skill to
bear with success upon this subjeet.

Electricity, therefore, does not pass
through a true vacuum ; it requires pon-
derable matter to carry it. If a gold-
leaf electroscope be kept at a'distaace
from all conductors, it may be kepu
charged for an almost indefinite period
in a good air-pump vacnum.

The matter rendered thus luminous by
the electrical discharge is attracted and
repelled like other clectrified matter. ‘“ A
finger,”’ says Priestley, ¢ put on the out-
side of the glass will draw it [the Inmi-
nous stream] wherever a person pleases.
If the vessel be grasped with both hands,
cvery spark is felt like the pulsation of a
great (artery, and" all the hre makes to-
wards the hands. This pulsation is felt
at some distance from the receiver ; and
in the dark a light is seen betwixt the
hands and glass.”

¢ All this,”’ continues the historian of
electricity, ‘¢ while the pointed wire is
supposed to be electrified positively ; if
it be electrified negatively the appearance
is remarkably differcnt.  Instead of
strcams of fire, nothing is scen but one
uniform luminous appearance, like a
white cloud, or the milky-way on a clear
starlight night. It seldom reaches the
whole length of the vessel, but is gen-
erally only like a lucid ball at the end of
the wire.”’

Of the two appearances here described



the former is now known as the clecirie
brusk, and the latter ns the electrie glotw.
Both can be produced in unconfined air.

The glow is sometimes scen on the masts,

of chips, and it is mentioned by the an-
cients as szppesring on the points of
lances. Tt 13 called St. Ermo’s or St.
Elmo’s fire, efter the sailors’ saint, Eras-
mus, who suffered martyrdom at Gaeta,
at the beginning of the fourth century.
The purple color of the diffused light
in attennated air was noticed by Hauks-
bee. The color depends upon the resi-
due of attenuated gas, or vapor, threugh
which the discharge passes.  If it be an
axygen-residue the light is whitish, if it
be a hydrogen-residue the light is red, if
a nitrogen-residue the light is purple,
¢xactly resembling that displayed at times
Ly 1lie aurora berealis—a color doubtless
due to the discharge of elcetricity
through the atteneated nitrogen of the air.

Electric light in vacuo is readily pro-
duced by the friction of an amalgamated
rutder against the outside of an exhausted
tabe, The light is also produced by the
friction of merecury within a barometric
vaceum. The discharges through tubes
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many feet in length and exhausted b
an air-pump are very fine. The double
barometer tube of Cavendish also yields
a truly splendidd bow of light, when a
streng clectric discharge is sent through
it. For this cxperiment fig. 52 shows
the best arrangement. P 1s the prime
conductor of an electrical machine, 1 an
insulated metal ball, connected by a wire
with the mercury trough a. The
trongh B is connected by'a ‘wire with the
carth., ¢ and ¢’ mark the height of the
mercurial columns.  When the machine
is worked sparks pass from P tor a
vivid bow of light at cach passage stretch-
ing from o to ¢’. By causing 1 to ap-
proach v, the discharges become more
frequent, but more feeble ; by augment-
ing the distance p 1, the sparks become
rarer, but more strong. When very
strong, & bow of dazzling brilliancy ac-
companies every spark.*

Small tubes ror these experiments are
bost obtained from philosophical instru-
ment makers

§ 27. Lichtenbery’s Figures.

Lichtenberg devised a me-as of re-
vealing the condition of ar electrified
surface by dusting it with powder. Red
lead, in passing through meslin, is pue-
tively electrified ; flower of aulphur in
negatively clectrified.. - Whisking a fox’s
brush over a cake of resir. and drawizg
over the surface the knob ¢fa Leyden jsz,
positively charged, the resin is rendered
in part negaive and in part positive.
Dusting the mixed powder over the sur-
face, the sulphur arranges itself over the
positive places, and the red lead over
the negative places, a vers beautiful pat-
tern being the rosult.

This experiment of Licktenberg’s con-
stituted the germ of Chladni’s important
acoustical researches. ** Chladni’s fig-
ures '’ were the direct offspring of
‘ Lichtenberg’s figures.’’

8§ 28. Surfuce Compared 1with Muss.
Distridution ¢f Electricity tn Hollow
Conductors.

Monnier proved that the charge of a

* It is well to have the interval p 1 at
gome distance from the bow, so-thst the Iicht
of the apark shall not impair the effect of 1he
discharge upon the eye.
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conductor depended uvon its sarface,

and not upon its solid contents. An
anvil weiching 200 pounds gave a smaller
spark tmn a s')Lal\mn' trampet weighing
10 poxmf“ A solid ball of lead gave a
spark only of the same force as that ob-
tained from ‘a piece of thin lead of the
same superfieies, bent into the formn of a
houp. By inal'y Monnier obtained astrong
spark from a long strip of sheet lead,

but a very small one when it was rolled
into a lamp.

Le Roi and D’ Arcy showed that a hol-
low. sphere accepted the same charge
when cuipty as whea filled with mercury,
which augmented its weight sixty-fold.
And this proves the influence of surface
as distinguished from snass.

The distribution of eclectricity is well
illustrated by the deportment of hollow
bodies. Impart by your carrier (fig. 15)
successive measures of electrici¢y to the
interior of an insulated ice-pail, or a
pewter pot. On testing the interior of
the vessel with the carrier and an clec-
troscepe no - electricity is found there ;
but it is found on the external surface.
A hat suspended by silk strings answers as
well as the ice-pail.

This exp-nment with the hat is a very
instructive ons. The hat may be clmrxro'd
either with Cottrell’s rabber or with yonr
rubbed glaea tube.

Notice, when testing, that you take
your strongest charges from the edges
and not from the round or {lat surface of
the hat. The strongest charge of all iz
communicated to the carricr Ly the leaf
of the hat.

The successive charges may be com-
municated to the hat by a metal ball sus
pended by silk. The charged ball,
touching the interior surface, bacorm
completely u nelectric 3

Franklin placed a long chain in 2 »il-
ver tea-pot which he cieetrified.  Cox-
necting his teapot with a pith-ball eles-
troscope he produced a divergescs.
Then lifting the chain by a silk strina'
found Llut over the portion outside i
teapot the clectricity diffused itself, this
withdrawal of the electricity from he
electroscope being announced b) the paz-’
tial collapse of the divergent pith-balls.

The mode of repeating this cxpcmnw.é
is shown in fig. 53, where T is the tea-
pot, supperted on a good glass tumbler
@, and connected by the wire w with the
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clectroscope E.  The effect is small, but
distinct.

The greatest experiment with hollow
conductors was made by Faraday, who
placed himself in a cubical chamber built
of laths and covered with paper and wire
ganze. It was snspended by silk ropes.
"Within this chamber he could not detect
the slightest sign-of electricity, however
delicate his clectroscope, and however
strongly the sides of the chamber might
be electrified.

§ 29. Physiological Efiects of the Elec-
: tric Discharge.

The physiological effect of the electric
shock has been studied in varions ways.
Graham caused a number of persons to
lay hold of the same metal plate, which
was connected with the outer coating of
a charged Leydeun jar, and also to lay
hold of a rod by which the jar was dis-
charged. The shock divided itself
cqually among them.

The Abbé Nollet formed a line of one
hundred and eighty guardsmen, and sent
the discharge through them all.  IIe also
killed sparrows and fishes by the shock.
The analogy of these effects with those
produced by thunder and lightning conld
not escape attention, nor fail to stimulate
inciuiry. ,

ndeed, as experimental knowledgein-
ereased, inen’s thoughts became more def-
Inite and exact as 1egards the relation of
electrical effects to thunder and lightning.
‘The Abbé Nollet thus quaintly expresses
himself : ‘“ 1f any one shonld take upon
him to prove, from a well-connected
comparison of phenomena, that thunder
is, in the hands of Nature, what electric-
ity is in ours, and that the wonders
which we now cxhibit at our pleasure are
little imitations of those great effects
which frighten us ; I avow that this idea,
if it was well supported, would give me
a great deal of pleasure.” Ile then
points out the analogics between both,
and continues thus: ‘* All those points
of analogy, which I have been some time
meditating, begin to make me believe
that one might, by taking electricity as
the model, form to one’s self in relation to
thunder and lightning, more perfect and
more probable idess thun what have been
offered hitherto.”’ ¥

* Priestley’s ** Iistory of Electricity,” pp.
151-52. e
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These views were prevalent at the time
now referred to, and out of them grew
the experimnental proof by tne great
physical philosopher, Franklin, of the
substantial identity of the lightning flash
and the electric spark.

Franklin was twice struck senseless by
the clectric shock. IIs afterwards sent

" the discharge of two’ large jars through

six robust men ; they fell to the ground
and got up again without knowing what
had happened ; they neither heard nor
felt the discharge. P'riestley, who made
many valuable contributions to clec-
tricity, received the charge of two jurs,
but did not find it painfal.

This cxpericnee agrées with mine.
Some time ago I stood in this room with
a charged battery of fiftecn large Leyden

. jars beside me. Through some awkward-

ness on my part I tonched the wire lead-
ing from the battery, and the discharge
went through me. For a sensible inter-
val life was absolutely blotted out, but
there was no trace of pain.  After a lis-
tle time consciousness returned ; I saw
confusedly both the audience and the ap-
paratus, and concluded from this, and
from-my ‘own condition, that I had re-
ceived the discharge. To prevent the
aundience from being alarmed, I made
the remark that it had often been my de-
sire to receive such a shock accident-
ally, and that my wish had at length
been fulfilled. Dut though thg intellect-
ual consciousness of my position return-
ed with exceeding rapidity, it was not so
with the optical consciousness. For,
while making the foregoing remark, my
body presented to my eyes the appear-
ance of a number of separate pieces.
The arms, for example, were detached
from the trunk and suspended in the air.
In fact, memory and the power of rea-
soning appeared to be complete, Jong be-
fore the restoration of the optic nerve to
healthy action.

This may be regarded as an experi-
mental proof that people killed by light-
ning suffer no pain,

§ 80. Atmospheric Electricity.

The air at all times can be proved to

‘be a reservoir of clectricity, which un-

dergoes periodic variatios.  We have
seen that ingenious men began soon to
suspect & common origix for the crack-
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ling and light of the electric spark, and
thunder and lightning. The greatest in-
vestizator in this field is the celebrated
Dr. Franklin. He made an exhaustive
comparison of the effects of electricity
and those of lightning. The lightning
flash he saw was of the same shape as the
elongated electric spark ; like electricity,
lightning strikes pointed objects in pref-
crence to others; lizhtning pursues the
path of least resistance ; it burns, dis-
solves metals, rends bodies asunder, and
strikes men blind.  Franklin imitated all
these effects, striking a pigeon blind, and
killing a hen and turkey by the electrical
discharge. I place before you in fig.
L, with a view to its comparison with a

“acharge of forked lightning, the long
spark obtained from an effective cbonite
machine, farnished with a conductor of a
speeial construction, which favors length
of spark.

ITaving completely satisfied his mind
by this comparison of the identity of
both agents, Franklin proposed to draw
electricity from the clouds by a pointed
rod erected on a high tower. DBut be-
fore the tower could be built he succeed-
ed in his object by means of a kite with
a pointed wire attached to it. The
electricity descended by the hempen
string which held the Kite, to a key at
the end of it, the key being separated
from the observer by a silken string held
in the hand. Franklin thus obtained
sparks, and charged a Leyden phial with
atmospheric electricity.

But, spurred by Franklin’s researches,
an observer in France had previously
proved the clectrical character of light-
ning. A translation of Franklin’s writ-
1ngs on the subject fell into the hands of
the naturalist Buffon, who requested his
friend 1)’ Alibard to revise the transla-
tion. D’Alibard was thas induced to
erect an iron rod 40 feet long, supported
by silk strings, and ending in a sentry-

box. It was watched by an old dragoon
named Coiffier, who on the 10th of May,
1752, heard a clap of thunder, and im-
mediately afterwards drew sparks from
the end ot the iron rod.

The danger of experiments with metal
rods was soon illustrated.  Professor
Richmann of St. Petersburg had a rod
raised three or four feet above the tiles
of his house. It was connected by a
chain with another rod in his roomn ; the
latter rod resting in a glass vessel, and
being therefore insulated from the carth.
On the G6th of Angust, 1753, a thunder
cloud discharged itself against the exter-
nal rod ; the eclectricity passed down-
wards along the chain ; on reaching the
rod below, it was stopped by the glass
vessel, darted to Richmann’s head, which
was about a foot distant, and killed him
on the spot. Ilad a perfect communica-
tion existed between the lower rod and
the carth, the lightning in this case would
have expended itself harmlessly.

In 1749 Franklin proposed lightning
conductors. IIe repeated his recom-
mendation in 1753. He was opposed on
two grounds. The Abbé Nollet, and
thosc who thought with him, considered
it as impious to ward off heaven’s light-
nings, as for a child to ward off the
chastening of its father. Others thought
that the conductors would ¢ invite’’ the
lightning to break upon them. A long
discussion was also carried on as to
whether the conductors should be blunt
or pointed. Wilson advocated blung
conductors against Franklin, Cavendish,
and Watson. Ilc so influenced George
II1., hinting that the points were a re-
publican device to injure his Majesty,
that the pointed conductors on Bucking-
ham House were changed for others end-

ing in balls. - Experience of tlie" most
varied kind has justified the employment
of pointed conductors. In 1769 St
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Paul’s Cathedral was first protested.

The most decisive evidence in favor of
conductors was obtained from ships ; and
guch evidence was needed, to overcome
the obstinate prejudiee of seamen. Case
after case occurred in which ships un-
protected by conductors were singled
out from proteeted ships, and shattered
or destroyed by lightning. " The con:
ductors were at first inade movable, be-
ing aoisted on the approach of a thun-
derstorm ; but these were finally aban-
doned for the fixed lightning conductors
devised by the late Sir Snow Harris.
The saving of property and life by this
obvious outgrowth of electrical rescarch is
incalculable.

§ 381. Thke Returning Stroke.

Inthe year 1779 Charles, Viscount Ma-
hon, afterward Larl Stanhope, pub-
lished his ‘¢ Principles of Eleetricity."’
©n the title-page of the book stands the
following remark :—*“ This treatise comn-
preliends an explanation of an clectrical
returning stroke, by which fatal effects
may be produced even at a vast distance
from the place where the lightning
falls.”’

Lord Mahon’s experiments, which are
models of scientific clearness and pre-
cision, will be readily understood by ref-

erence to the principles of electric induo-

‘tion, with which you are now so familiar.

It need only be noted here that whenever
he speaks of a body being plunged in an
¢‘ eleetrical atmosphere,”’ he means that
the body is exposed to the inductive ac-
tion of a second cleetrified body, which
latter he supposcd to be sarrounded by
such an atmosphere.

A few extracts from his work will give
a clear notion of the nature of his dia-
covery :

‘“ I placed an insulated metallic cylin-
der, A B, fiz. 55, within the electrical at-
mosphere of the prime conductor [P c]
when charged, but beyond the striking
distance. The distance between the neae
end Ao of the insulated metallic body
and the side of the prime conductor
was 20 inches. The body A n wna
of brass, of a cylindrical form, 18 inch-
es long, by two inches in iameter.
I then placed another insulated brass
body ® F, 40 inches long by about 3%
inches in diameter, with its end = at tha
distance of abiout one-tenth of an inchk
from the end b of the other metallie
body aB. I electrified the prime eon-
ductor. All the time that it was receiv-
ing its plus charge of electricity there
passed a great number of weak (red or
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surple) qurl\s from the cnd pof thonear
body A B mto the cnd = of the remote
body c .

Make clear to your mind the origin of
this stream of weak red or purple sparks
It is obviously dus to the inductive
action of the prime conductor » ¢ upon
the body a b. The positive clectncxty
of AD bemw repelled by the prime con-
ductor, pmsed a3 a stream of sparks to
E F.

“ When the prime conductor, having
reccived its full charge, came suddenly
to discharge, with an explosion, its super-
abundant electricity on 2 large brass ball
L, which was made to communicate with
the carth, it always happened that the
electrical fluid, which had been gradually
expelled from the body 4 Band driven into
the body e r, did suddenly return from
the body & r iuto the body A p, in a
sirong and bright spark, at the very in-
stant that the explosion took place upon
the ball L.

““ This I call the electrical returning
siroke."”’

For the two conductors Lord Mahon
then substituted his own body and that
of another person, both of them standing
upon insulating stools. e continues
thus : :

‘I placed myself upon an insulating
stool & (fig. 56), so as to have my right
arm A at the distance of about 20 inches
from a large prime conductor ; another
person, standing upon another insulating

stool x, brought his right hand r within
ono-quarter of an inch of my left hand ».
When the prime conductor began to
receive its plus charge of electricity, we
felt the electrical fluid running out of my
hand B into his hand r.
“ When we separated our hands » and
F a little, the clectricity passed between
us in small sparks, which sparks increased
in sharpness the farther we removed our
hands b 2ad r asunder, until we had
brought them quite out of a striking dis-
tance. - The intervals of time between
thesc departing sparks incressed also the
more the distance between our hands B

.and ¥ was increased, a3 must necessarily

be the case.

¢¢ As soon 28 the prime conductor came
suddenly to discharge its cleetricity upon
the ball 1, the superabundart cleetrieity
which the other person had received from
my body did then return from him to me
in a sharp spark, which issued from his
hand ¥ at the very in~tant that the explo-

sion of the prime conductor took place

upon the ball L.

*¢1 still continued upon tho insulating
stool , and I desired the other person to
stand upon the floor. The returning
stroke betwecn us was still stronger than
it had yet been. The reason of it was
this : The other person being no longer
insulated, transmitted his superabuundant
electricity freely into the carth. I conse-
quently became still more negative tkan
before.

‘¢ Now, when the returning stroke
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came to take place, not only the elec-
tricity which had passed from my body
into the body of the other person, but
also the electricity which had passed
from my body into the carth (through
the other persen), did suddenly return
upon me from his hand r to my
hand B, at the same instant that the
discharge of the prime conductor took
place upon: the ball 1. This caused the
returning stroke to be stronger than be-
fore.”

Lord Mahon fused mectals, and pro-
duced strong physiological eficcts by the
return stroke.

In nature disastrous cficcts may be pro-
duced by the return stroke. The earth’s
surface, and animals or men upon it, may
be powerfully influenced by one end of
an electrified cloud. - Discharge may oc-
cur at the other end, possibly miles away.
" The restoration of the clectric equilib-
rium by the return shock may be so
violent as to cause death,

This was clearly scen and illustrated by
Lord Mahon. Fig. 57 is a reduced copy
of his illustration. A Bois the electri-
ticd cloud, the two ends of which, o and
c, come near the earth. The discharge
occurs at ¢. A man at r is killed by the
returning stroke, while the people at b,
nearer to the place of discharge, but far-
ther from the cloud, are uninjured.

LESSONS IN ELECTRICITY.

With the view of still further testing
your knowledge of induction, T have here
copied a portion of this admirable essay ;
but the entire memoir of Lord Mahor
would constitute a most useful and inter-
esting lesson in electricity.

For our own instruction we can illus-
trate the return shock thus :—Connect
one arm of your universal discharger, fig.
49, with a conductor like ¢, fig. 20, and
the other arm with the earth. Bring ¢ -
within a few inehes of your prime con-
ductor, but not within striking distance ;
on working the machine a stream of fee-
ble sparks wil! pass from point to point
of the discharger. Let the prime con-
ductor be discharged from time to time
by an assistant ; at every discharge the
returning stroke is announced by a flash
between the points of the discharger at s.
If gun-cotton with a little fulminating
powder scattered on it, or a fine silver
wire, be introduced between the points
of the discharger, the one is exploded
and the other deflagrated.

The stream of repelled sparks first seem
may be entirely abolished by establishing
an imperfect connection between the con-
ductor ¢ and the carth : a chain resting
upon the dry table on which the conduet-
or stands will do. The chain permits
the feebler sparks to pass through it in

Fia. 58
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prefereuce to crossing the space s; but
the returning stroke is too strong and
sudden to find a sufficiently open channel
through the table and chain, and on the
discharge of the prime conductor the
spark is seen.

It was the action of the return shock
upon a dead frog's limbs. observed in the

' laboratory of Professor Galvani, that led

to Galvani’s experiments on animal elec-
tricity ; and led further to the discovery,
by Volta, of the electricity which bears
his name.

8§ 32. The Leyden Battery, its Currents,
and some of their Kfects.

In the ordinary Leyden battery de-
scribed in § 19 all the inner coatings are
connccted together, and all the onter
coatizgs are also connected together.
Such a battery acts as a single large jar
of extraordinary dimensions.

Wires are warmed by a moderate clec-

" tric discharge ; by augmenting the charge

they are caused to glow ; with astrength-
¢ned charge the meta is torn to pieces ;

" fusion follows; and by still stronger

charges the wires are reduced to metallic

~ sdust and vapor.

For such experiments the wire must be
thin. Without resistance we can have
no heat, and when the wire is thick we
have little resistance. The mechanism

~ of the discharge, as shown by the figures

produced, is different in different wires.
The figure produced by the dust of a def-

" lagrated silver wire on white paper is
shown in fig. 58.

‘When the discharge of a powerful bat-
tery is sent through a long steel chain
with the ends of its links unsoldered, the

* sparks between the unsoldered links carry

the incandescent particles of the steel
along with_them. Thesc are consumed
in the air, a momentary blaze occurring
along the entire chain. Chain cables
have been fused by being made the chan-
nels of a flash of lightning.

" Retaining our conception of an clectric

' fluid, at this point we naturally add to it

'

the conception of @ current. It is the

~ electric current which produces the effects

just described. In many of our former
experiments we had electricity at rest
(static electricity), here we have electric-
ity in motion (dynamic electricity).
Sending the current from a battery
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through a flat spiral (the primary) formed
of fifty or sixty feet of copper wire, and
placimg within a little distance of it a
second similar spiral (the secondary) with
its ends connected ; the passage of the
current in the first spiral excites in the
second a current, which is competent to
deflagrate wires, and to produce all the
other cffects of the electrical discharge.
Even when the spirals are some feet asun-
der, the shock produced by the second-
ary current is still manifest.

The current from the sccondary spiral
may ve carried round a third ; and this
third spiral may be allowed to act upon
a fourth, exactly as the primary did unon
the secondary. . A tertiary current is thus
avoked by the secondary in.the fourth
spiral.

Carrying this tertiary current round a
fifth spiral, and causitg it to sct indue-

‘tively wpon a sixth, we obtain in the lat-

ter a current of the fourth order. In this
way we gencrate a long progeny of cur-
rents, all of them having the currert sent
from the battery through the first spiral
for a common progenitor. To Prof.
Ilenry of the United States, and to Prof.
Riess of Berlin, we are indebted for the
investigation of the laws of these cur-
rents. These researches, however, were
subsequent to, and were indeed smggest-
ed by, experiments of a similar character
previously made by Faraday with Voltaic
clectricity.

Besides the electricity of friction and
induction we have the following sources
and forms of this power.

The contact of dissimilar metals pro-
duces eleetricity.

The contact of metals with liquids pro-
duces clectricity.

A mere variation of the character of the
contact of two bodies produces electricity.

Chemiical action produces a continuous
flow of electricity (Voltaic electricity).

Heat, suitably applied to dissimilar
metals, produces a continuous flow of
electricity (thermo-electricity).

The heating and cooling of certain
crystals produce electricity (pyro-electric-
ity).

)’}’he motion of magnete, and of bodies
carrying electric carrents, produces elec-
tricity (magneto-electricity).

The friction of sand against a metal
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plate produces eleetricity.

The friction «f condensed water-parti-
cles against a safety vaive. or better «till
azainst a box-wood nozzle through which
ateam is  driven, produeces clectricity
{Armstrong’s hydro-clectric machine).

These are different manifestations of
one and the same power ; and they are
alt evoked by an cquivalent expenditure
of some other power.

Conclusion.

Our experimental researches end here,
I would now bespeak your attention for
five minutes longer. The cxpensiveness
of apparatus is sometimes urged as an
obstacle to the introduction of scicnce
into schools. I hiope it has been shown
that the obstacle i3 not a real one. Leav-
ing out of account the few larger experi-
‘ments, which have contributed but little
to our knowledge, it is manifest that the
wise expenditure of a couple of guincas
would enable any competent teacher to
place the leading facts and- principles of
frictional eleetricity completely at  the
command of his pupils ; giving them
thereoy precious knowledge. and still
more precious intellectnal discipline—a
discipline which invokes observation, re-
flection, previsien by the exercise of rea-
gon, and experimental verifieation.

And here, if T might venture to do so,
I would urge upon the science teachers
of our public and other schools that the
immediate future of scicnce as afacter in
English cducation depends mainly upon
them. I would respeetfally snbmit to
them whether it would not be a mistake
to-dircet their attention at present to the
collection of costly apparatus, = Their
principal function just now is to arouse a
love for scientific study. This is best
done by the exhibition of the needful
facts and principles with the simplest
possible appliances, and by bringing their
pupils into contact with actunal experi-
mental work.

The very time and thought spent in
devizing such simple instruments will give
the teacher himself a grasp and mastery
of his subject which he could not other-
wise obtain ; but it ought to be known
by the head masters of our schools that
time is nceded, not only for devising such
instruments, but also for preparing the
cxperiments to be made with them after
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they have been devised. No science
teacher is £t to meet his class without
this distinet and special preparation be-
fore every lesson. Ilis experiments are
part and parcel of his langnage, and they
ought to be as strict in logic, and as free
from stammering, as his spoken words,
To make them so may imply an expendi-
ture of time which few head masters now
contemplate, but it i3 a necessary expen-
ditare, and they will act wiscly in mak-
ing provision for it.

To them, moreover, in words of
friendly warning, I weuld say, make
room for sgeience by.your own lealthy
and spontaneous action, and do not wait
until it is forced upon you by revolation-
ary pressure from without. The condi-
tion of things now existing cannot con-
tinne. Its simple statement suflices to
call down upon it the condemnation of
every thoughttul mind. With referenco
10 the report of a Commission appointed
.ast year to inquire into the scientific in-
struction of this country, Sir John Lub-
vock writes as follows :(—-*¢ The Com-
missioners have published returns from
more than a hundred and twenty of the
larger endowed schools. In more than
lialf of these no science whatever ir
taught ; only thirtecn have a liboratory,
and only cighteen possess any scientific
apparatus.  Out of the whole number,
lzss than twenty schools devote as much
~+ four hours a week to science, and only
thirteen attach any weight at all to scien-
tific subjects in the examinations.”’

Well may the Cominissioners pronounee
stch a state of things to be nothing less
than a national calamity ! If persisted
in, it will assuredly be followed by a re-
action which the truest friends of eclassi-
cal culturc in England will have the great-
est reason to deplore.

APPENDIX.

AN ELEMENTARY LECTURE ON
MAGNETISM. *

Wz have no reaz'n ta believe that the
sheep or the dog, or, indeed, any of the
wer animale, feel an interest in the laws

* From the author's volumsz,

“ Fragments ef
Scienee.”
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by which natural phensmena are regulated.
A D ol b terrified by o thunder-storm
Bicits may g ) 1oust, and ¢ tilae return to
thei stalls during asdaz eddiree | but neither
hirds noc cattie, 23 far 23 we know, ever
think of 1nquiting int) e ‘causes of theee
things. It i3 otuerwise with man. The
presence of natmeal objects, the occurrenca
of natural eveats, the varied apnearances of
tha universe in which he dwil's, penctrate
beyowl his organs of sense, amd appenl to an
inner power of which the senses are the mere
instruinents and excitants.  No fact is to
him either final or original.  He cannot limit
him=elf tH the eontemplation of it alone, but
endeavors to ascertain its position in a series
10 which the constitalinn vf his min.] assures
him it must belong.  ITe regards all that he

witnesses in the present 23 the efflux and

sequence of simething that has gone before,
an! a3 the source of n system of events
which iz to follaw. The notion of spon-
tancity, vy which in his ruder state he ae-
counted for patural events, i3 abandoned ;
the ilea that Natare is an aggregate of inde-
pendeut parts also disappears, as the connec-
tion an i mutual dependence of physical pow-
ers b=ome mere and more manifest ; until
he is finally led, and that chiefly by the sci-
ence of which 1 happen this evening to be
the exponent, to regard Nature as an organic
whole, ns # body cach of whose members
symypathizes with the rest, changing, it is
true, from azes (n ages, but without one real
bieak © f continnity, or a single interruption
of the fixed relations of cause and effect,
The system of things which wecall Nature
is, however, too vast and various to be studied
first-han 1 by any single mind.  Asknowledge
extends there is always a tendency to sub-
divide the field of investication, its varions
parts heing taken up by different individuals,
&nd thus receiving a greater amount of atten-

~ tion than could possibly be bestowed on them

if each investigator aimed at the mastery of
the whole. East, west, north, and south, the
human minl pushes its conquests ; but the
centeipetal form in which knowledge, as a
whale, advances, gpreading cver wider on all
gides, i3 due in reality to the excrtions of. in-
dividunals, each of whom directs his efforts,
more or less, along a singleline.  Accepting,

“in many respects, his culture from his fellow-
© meo, taking it from spoken words and from

wrilten books, in someonedirection, the stu-
dent of nature mu«t actually touch his work.

" He may otherwise be a distributor of knowl-

edg e, but not a creator, and fails to attain
that vitality of thought and correetness of
indgment which direct and habitual contact
with natural truth can alone impart.

One large department of the system of Na-
tare which forms the chief subject of mny own

" ftudies, and to which it 13 nir duty to call
“your atiention $his evening. is that of pi) sice,
‘or. natural philosephy.
snonugh to cover the study of Nature gen-

big term is large

erally, but 1t is usnally restricted to a depert
ment which, perhaps, lies closer to our per-
teptions than any other. It deals with the

v
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phenomena and laws of light and heat—with
the phenomena and laws of magnetism and
electricity—with thuse of scuncd—with the
pressures and motions of liquids and gases,
whether in a state of translation or of undula-
tion. The scieace of mechenics is o portion
of natural philosaphy, though at presert so
large as to need the exclusive sutention of him
who would cultivate it profoundly. Astrea-
omy is the application of physics to the mo-
tions of the heavenly boedies, the vastness of
the field causing it, however, to be regarded
as a department in itself. In chemistry
physical agents play imporiant parts. By
heat and light we cause bodies to combine,
and by heat and light we decompose them.
Eleetricity tears nsunder the locked atoms of
compounds, through their power of scparat-
ing carbonic acid into its constituents; the
solar beams build up the whele vegctable
world, and by it the animal, while tl:e touch
of the self-same beams caasen hydrogen and
chloriue to unite with susiden explosion and
form by their combination a pcwerful acid.

*Thus " physics and chemistry intermingle,

physical ageuts being employcd hy the chem-
ist as a means to an «(nid; while in physics
proper the lawsand phenomera of the agents
themselves, both qualitative anid quantitative,
are the primary objects of atiention.

My duty here to-night is fo spvnd an hour
in telling how this subject is 1) be studied
and how a knowledge of it is 10 be impart
to others. When first invited to da this, I
hesitated before aceepting the responsibil.ay.
1t woull be easy (o entertain you with az ac-
count of what natural philesophy has accom-
plished. I might point to those applications
of gcience regarding which we hear 8o inuch
in the newspapers, and which we often find
mistaken for science itself. T might, of
course, 1ing changes on the sicam-engine and
the telegraph, the electretype and the photo-
graph, the medieal applieations of physies,
and the millicn other inlete by which teien-
tific thought filters into practical life. That
would be easy eompared with the task of in-
forming you how ycu arc to make the study
of physics the instrament of your own culture,
how you are {9 posscss its {acts and make
them hiving seeds which shall take rost and
grow in the mind, and not lie like dead lum-
ber in the storehouse of memory. Thisisa
task much heavier than the mere cataloguing
of scientific achievements; and it is one
which, feeling my own wani c¢f time and
power to exccute it aright, I might well hesi-
tate to accept.

But let me sink excuses, and attack the
work to the best of my ability. First and
foremost, then, I would advise you to get a
knowledge of facts fram actual obzervaiion.
Facts looked at direetly are vital ; when they
pass into words half the sap is taken out cf
them. You wish, for exsmple, to get a
knowledge of magnetism ; well, provide your-
scif with a good bock on the snbject, if you
can, hut d> not be coutent with what the
book tells you ; do not Le satisfied with its
descriptive wood-cuts ; see the actwal thing
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yourself, ITalf of our book-writers describe
experiments which they never made, and
{heir descriptions often lack both force and
1ruth ; but no matterhow clever or conscien-
tious they may be, their written words cannot
supply the place of nctual obscervation.
Every fact has numersus radiations, which
are shorn off by the man who describes it.
Go, then, to a philosophical instrument-

maker, and give, according to your means,

for a straight bar-magnet. say, half a crown,
or, if you can afford it, five shillngs for a
pair of them ; or get a smith to cut a length
of ten inches from a bar of steelan inch wide
and half an inch thick ; fileits ends decently,
harden it, and get somebody like myself to
magnctize it.  Two lar-magnets are better
than one. Procure some darning-needies
such as these. Provide yourself also with a
little unspun silk ; which will give you a sus-
pending fibre void of torsion ; make a little
loop of paper or of wire, thus, and attach
your fibre to it. Do it neatly. In the loop
place your darning-needle, and bring the two
ends or poles, as they are called, of your
magnet successively up to either end of tho
needle.  Both the poles, you find, attract both
ends of the needle. Replace the needle by a
bit of annealed iron wire, the same effects en-
sur. Suspend successively liltle rods of lead,
copper, silver, or brass, of wood, glass.
ivory, or whalebone ; the magnct produces
nn sensible cffect upon any of these sub-
stances. You thence infer a special property
iu the case of steel and iron. Multiply your
experiments, however, and you will find that
some other substances besides iron are acted
upon by your magnet. A rod of the metal
nickel, or of the metal cobalt, from which the
blue color used by painters is derived, ex-
hibits powers similar to those observed with
the iron and steel.

In studying the character of the force you
may, however, coufiny yourself to iron and
steel, which are ulways at hand. Make your
experiments with the darning-necdle over
and over again ; operate on both ends of the
needle ; try both ends of the magnet. Do
not think the work stupid ; you are convers-
ing with Nature, and must acquire & certain
grace and mastery over her language ; and
these practice cau alone impart. Let every
movement be made with care; and “avoid
slovenliness from the outset. In every one
of your experiments endeavor to feel the re-
spousibility of a moral agent. Experiment,
as I have said, is the language by which we
address Nature, and through which she sends
her replies ; in the use cf this language a
lack of straightforwardness is as possible and
as prejudicial as in the spoken language of
the tongue. If you wish to become acquaint-
ed with the truth of Nature, you must from
the first resolve to deal with her sincerely.

Now remove your needle from itsloop, and
draw it from end to end ulong one of the
ends of thomagnet ; re-suspend it, xnd repeat
your former experiment. You find the result
different. You now find that each extremity
of the magnet atiracts one end of the needle

and repels the other.  The simple attraction
observed in the first instance is now replaced
by a dual force. Repeat the experiment till
you have thoroughly observed the ends which
attract and those which repel each other.

Withdraw the magoet entirely from the
vicinity of your necdle, and leave the latter
freely suspended by its fibre. Shelter i\ as
well as you can from currents of air, and if
you have iron-buttons on your coft.cr a stee!
penknife in your pocket, heware of their ac
tion, If you work at night, beware of iron
candlesticks, or of brass onés with: iron roda
inside. Freed: from such disturbamces, the
needle takes up a certain determinate po-
sition. It sets its length nearly north anf
south, Draw it aside from this position and
let it go. After several oscillations it will
again come to it. If youhave obtained your
magnet from a philosvphical instrument-
maker, you will see a murk onone of its ends.
Supposing, then, that you drew your needlo
along the end thus marked, and thatthe eye-
end of your needle was the last to quit the
mugnet, you will find that the eye turns to
the south, the point of the needle turning
toward the north. Make sute of this, and do
not take this statement on my authority.

Now take a second darning-needle like the
first, and magnetize it in precisely the same
manner : freely suspeuded it also will turn its
point to the north and its eye to the south.
Your next step is to examine the action of the
two needles which you have thus magnetized
upon euach other.

Take one ot them in your hand, and leave
theo othier suspended ;: bring the eye-epd of
the former nearthe eye-end of the latter ; the
suspended needle retreats: it is repelled.
Make the same e¢xperiment with the two
points, you obtain the same result, the sus-
pended needle is repelled. Now cause the
dissimilar ends to act on each other—you
have attraction—point attracts eye and eye
attracts point. Prove the reciprocity of this
action by removing the suspended needle,
and putling the othcr in its place. You ob-
tain the same result. The attruction, then,
ie mutual, and the repulsion is mutual, and
you have thus demonsirated in the clearest
manner the fundamental law of magnetism,
that like poles repel, and that.unlike poles at- .
tract each other. You may say that this is
all easily understood without doing ; but do
i, and your knowledge will not be confined
to what I have uttered here,

I have said that one end of your magnet
has a mark upon it; lay several silk fibres
together, 8o as to get sufficient strength, or
employ a thin silk ribbon, and form a loop
large enough to hold your magnet. Suspend
it ; it turns its marked end toward the north.
This marked end is that which in England is
called the north pole. If a common smith
has made your magnet, it will be convenient
to determine its north pole yourself, and to
matk it with a file, You vary your experi-
ments by cuusing your magnetized darning-
needle to attract and repel your large mags
net ; it is guite competent to duso. In mag
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netizing the needle I hate supnored the eye-
end to be the last to quit the marked end of
the magnet ; that endcf the needle is a south
pole.  The end which last guits the magnet
is always opposed in polarity to the end of
the magnet with wlich it has been in contact.
Brought near éach other they mutually at-
teact, and thus demonsirate that they ate un-
like poles.

You may perhaps learn nll this in a single
hour ; but spend several at it, if necessary ;
and remember, understanding it is not suffi-

cient : you must obtain a maunual aptitude in

addressing Natare.  1f you speak to your fel-
low-man, you are not entitled to use jargon,
Bad experiments ave jagon addressed tu%\'a-
ture, and just as miuch L) be deprecated. A
manual dexterity in illustrating the interac-
tidn of magnetic palesis of the utmost impor-
tance at this stage of your progress, and you
must not neglect attaining this power over
your implements. As ycu procced, more-
over, you will be tempted to do more than 1
can possibly suggest. Thoughts will cccur
to you which you will endeavor to follow
out ; questions will arise which you will try
to answer. The sume expetiment may be
twenty things to twenty people. Ilaving wit-
nessed the action of pole on pole through the
alr, you will perhaps try whether the mag-
petic power i1s not to be screened off, You
usc plates of glass, wood, slate, pasteboaid,
or gutia-percha, but find them all pervious to
this wondrous force. One magnetic pole acts
upon sbother through these bodies as if they
were not present.  And should you become
a patentee for the regulation of ships’ com-
passes, you will not fali, as some projectors
have done, into the error of screening off the
magnetism of the ship by theinterposition of
such substances.

1f you wish to teach a class you must con-
trive that the ¢ffects which you have thus far
witnessed for yourself shall be witnessed by
twenty or thirty pupils. And here yuur pri-
vale ingenuity must come into play. You
will attach bils of paper to your needics, so
as to render their movemenis visible at a dis-
tance, denoting the north and south poles by
different colors, say green and red.
may also improve upon your darning-needle.
Take a strip of sheet-steel, the rib of a lady’s
#lays will answer, heat it to vivid redness and
plinge it into cold water. It is thereby hard-
ened—rendered. in tact, almost as brittle as
glass,  8ix inches of this, magnetized in the
manuver of the darning-needle, will be better
able to carry your paper indexes. Having
sectred such a strip, you proceed thus ;

Maguetize a small sewing-needle and deter-
mine its poles ; or, break half un inch or an
inch ¢ff your magnetized durning-needle, and
suspend it by a fine silk fibre. The sewing-
needle or the fragment of the darning-needle
is now to be used as a test-needle to examine
the distribution of the magnetism in your
strip of steel. Hold thestrip upright in your
left hand, and cause the test-needle to ap-

roach the lower end of your strip ; onc end
18 attracted the other isrepetled. Raisc your

You-
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necdle along the strip ; its oscillations, which
at first were quick, become slower ; ¢pposite
the middle of the strip they cease enti ely ;
neither end of the needle is attracted ; above
the middle the test-ncedle turns suddenly
round, its other end being now attracted. Go
through the experiment thorcughly ; yéu
thus learn that the entire lower half ¢f the
strip attracts one end of the needle, while the
entire upper half attracts the opposite cnd.
Suppoesing the north end of your little needle
to be that attracted below, you infer thut the
entire lower half of your magnetized strip
exhibits south magnetism, while the entire
upper half exhibits north magnetism.  So
far, then, you have determined the distribu-
tion of magnetism in your strip of steel.

You lovk at this fact, you think of it: in
its suggestivenessthe value of the (xperiment
chiefly consists.  Thethought arises, ' What
will oceur if 1 break my stiip of slecl across
in the middle ? Shall I obtain two magncta,
cach pussessing a single pole ”*  Try the ex.
periment ; break your stiip of steel, and test.
each half as you tested the whole.  The mere
presentation of its two ends in succession ta.
your test-needle sullices to show you that
you have not a magnet with a single pole,
that each half possessestwo poles with ancus.
tral point between them. And if you agaim
break the half into two other halves, you wilk
find that cach quaiter of theoliginal strip ex-
hibits precisely the same magnctic disttibu~
tion as the strip itself. You :nny continue the
breaking process ; nomatter how small your
fragment may be, it still possesses two op=
posite poles and a neutral point between them.
Well, your hand ceasesto brcak where bicak-
ing becomes a mechanical impossibility : bug
does the mind stop there? No: you follow
the breaking process in idea when you can no
longer 1ealize it in fact ; your thoughts wan-
der amid the very atoms of your steel, and
you conclude that cach atom 18 a magnet,
and that the force exerted by the strip of steel
is the merc snmmation or 1esultant of the.
forees of its ultimate particles.

Here, then, isan exhibition of power which,
we cun call forth cor cause to disappear at
pleasure.  We miagnetize our stiip of steel by
drawing it along the pole of a magnet; we.
can demagnetize it, or reverse ils magnetisn,
by properly drawing it along the sanie pole:
in the opposite direction. What, then, i- the.
1eal nature of this wondrouschange? What
is it that takes place among the atoms of the.
steel when thesubstanceis mugnetized 2 The
guestion leads us beyond the r1egion of sense,
and into that of imagination. Tlis facunty,
indecd, is the divining-10d of the man of sci-
cnce.  Not, however, an imaginaticn which
catches it creations frcm the air, but one in-
formed and inspired by facts, cayable of seiz-
ing fiimly cn & physical imnage as a principle,
of discerning its consequences, and of Cevising
mcans whereby these forecasts of thought may
be breught to an expertmental test.  1f such
a principle be adequate to account for all the
phenomena, if from an assumed cause the ob.
served facts necessarily follow, we cuil the ag
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sumption a theory, und, once possessing it,we
can not onfy revive at pleasure faets already
kunown, but we can prediet others which we
huve never seen. ‘Thus, then, in the prose-
cuitien of physicul science, our powers ot ob
serviation, memory, 1magination, and in-
terence, are il drawn upon. We ohserve
Tucts and store themup ; imagimation broods
upon these wmemories, snd by the aid of
1eason tries to discern their interdependence.
The theorctic principle flashes, or slowly
dawns upon the mind, and thea the deductive
faculty interposes to carry out the prineiple
to its logical consegnences. A perfect theory
gives deminion over natural facts ; and even
an assumption which can only partially stand
the test of 8 comparison with facls, may be
of eminent ne¢ in ¢nabling us tq eonnect and
classify groups of phenomena. The theory
of magnetic fluids is of this latier character,
and with it we must now make ourselves
familiar. .

With the view of stamping the thing more
firmly on your minds, 1 will make use of a
strong and vivid image. In optics, red and
green are called complementary colors ; their
mixture produces white. Now I ask you to
imagine cach of these colors to posgess a self-
repulsive power ; thut red repels red, and
that green repels green ; but that red attracts
green and green attracts red, the attraction of
the dissimilar colors being equual to the repul-
sion of the similar ones. linagine the two
colors mixed so as to produce white, and sup-
pose two strips of wood painted with this
white ; what will be their action upon each
other1 2 Suspend cne of them freely as we
suspended our darning-needle, and bring the
other near it; what will occur? The red
component of the strip you hold in your hand
will sepel the rel component of your sus-
pended -strip, but then it will attract the
green ; and the forces being equal they neu-
tralize cach other. In fact, the least reflec-
tion shows you that the strips will be as in-
different to cach other as two unmagnetized
darning-needles would be under the same cir-
cumstances.

But suppose, instead of mixing the colors,
we painted oune half of cachstrip from centre
to end red, and the other half green, it is per-
fectly manifest that thetwostrips would now
behave toward each other exuctly as our two
magnetized darning - needles —the red end
would repel the red and attract the. green,
the green would repel the green and attract
the red ; so that, assumiug two colors thus
related to each other, we could by their mix-
ture produce the neutrality of an unmag-
netized body, while: by their separaticn we
could produce the duality of action of mag-
netized bodies.

But you have already anticipated a defect
in my conception ; for if we break one of our
strips of wood in the middle we have one half
entirely red and the other entirely green, and
with these it would be impossible to imitate
the action of our broken magnet. How, then,
must we madify our conception? We must
evidently suppose each atom of wood painted

-
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green on one face and red on the opposite
one. If this were done the resultant action
of all the atoms would exactly resemble the
action of a magnet. Here, also, if the two
opposite colois of each atom ¢auld be caused
to mix so as t> prodice white, we should
have, as before, pe:fect neutrality,

Substitute in your minds for these two self.
repeilant an1 mutually attractive colors two
invisible self-repellant and mutually attrac-
tive fluids, which in ordinary steel are mixed
to form a neutral compound, but which the
act of magnetization separates from each
other, placing the opposite fliids on the op-
posite faces of each atom, and you have a
perfectly distinct conceptivn of the celebrated
theory of maguetic fluids. The strength of
the magnetism excited is supposed to be pro-
portional to the quantity of neutral fluid de-
composed. According to thistheory nothing
is actuuily transferred from the exciting mag-
net to the-excited steel. The act of mag-
netization consis's in the forcible separation
of two powers which existed in the steel be-
fore it was magnetizef, but which then neu-
tralized cach other by their coalescence.  And
if you test your magunet after it has excited a
hundred pieces of steel, you will find that it
has lost no force—no more, indeed, than I
should lvse had'my words sich a magnetic in-
fluence on your minds us to excite in them &
strong resolve .to study natural philosophy.
I should, in fact, be the gainer by my own
utterance and by the reaction of your
strength ; and so nlso the magnet is the gainer
by the reaction of the body which it mag-
netizes.

Look now to your excited piece of steel;
figure each atom to your minds with its op-
posed fluids sprend over ils opposite faces.
How can this state of things be permanent ?
The fluids, by hypothesis, attract each other :
what, then, keepsthemupart?  Why dothey
not instantly rush together across the equator
of the atom, and thus neutralize each other?
To meet this question, philosophers have
heen obliged to infer the existence of aspecial
force which holds the fluids asunder. They
call it coercuve force ; and it is found that those
kinds of steel which offer most resistance to
being magnetized, which require the greatest
amount of coercion to tear their fluids asunder,
are the very ones which offer the greatest re-
sistance to the reunion of the fluids after they
have been once scparated. Such kinds of
steel are most suited to the formation of
permanent magnets. It is manifest, indeed,
that without coercive force a permanent mag-
net would not be at all possible,

You have not forgotien that, previous te
magnetizing - your darning-needle, both its
ends were attracted by your magnet ; and
that both ends of your bit of iron wire were
acted upon in the same way. Probably also
long before this you will have dipped the end
of your magnet among iron filings, and ob-
served how they cling to it, or into a nail-
box, and found how it drags ‘the nails after
it. I know very well that if you are not the
slaves of routine, you will have by this time
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Jone many things that I have not told you to
do, and thus multiplied your experience be-
yound what 1 haveindicated. Youaie almost
sure to have caused a bit of iron to hang from
the end of your magnet, and you have prob-
ably succeeded in causing a second piece to
attach itself to thefirst, a third to the second ;
until finally the force has become too feeble
10 bear the weight of more. 1f you have

- operated with nailg, you may have observed

that the points and edges hold together with
the greatest tenacity ; and that a bit of iron
clings more firmly to the corner of your mag-
net than to one of its flat surfaces. 1n chort,
you will, in alllikelihood, have enriched your
experience in many ways without any special
direction from me.

Well, the magnet attracts the nail, and that
pail atiructs a second oe. This proves that
the nail in contact with the magnet has had
the magnetic quality developed 1n 1t by that
contact. If it be withdrawn from the mag-
net, its power to attract its fellow-nail ceases.
Contact, however, is not nccessary. A sheet
of glass or paper, or a space of air, may cxist
hetween the magnet and the nail ; the latter
i8 still magnetized, though not so forcibly as
when in actual contact. The nail then pre-
sented to the magnet is itself a temporary
magnet. That end which is turned toward
the magnetic pole hasthe opposite magnetism
of the pole which excites it; the end most
remote from the pole has the same magnet-
ism as the pole itself, and between the two
poles the nail, like the magnet, possesses a
magunetic equator.

Conversant as you now arce with the theory
of magnetic fluids, you have already, I doubt
not, anticipated me in imagining the exuct
condition of the iron under the influence of
the magnet. You picture the iron as possess-
ing the neutral fluid in ebundance ; you pic-
ture the magnetic pole, when brought near,
decomposing the fluid ; repelling the fluid of
a like kind with iteelf, and attracting the ua-
}ikc fluid ; thus exclting io the parts of the
iron nearest to itself the opposite polarity.
But the iron is incapable of becoming a per-
manent magnet. It only shows ifs virtue as
long asthe magnet acts upon it. 'What, theu,
does the iron lack which the steel possesses?
1t lacks coercive force. Its fluids are sepa-
rated with ease, but, once the separating
cause is removed, they flow together again,
and neutrality isrestored. Your imaginatica
must be quite nimble in picturing these
changes. You must-he able to see the fluids
dividing and reuniting according as the mag-
net is brought near or withdrawn. Fixing a
definite pole in your imagination, you must
picture the precise arrangement of the twa
fluids with reference to this pole. And you
must not only be well drilled in the use of
this mental imagery yourself, but you must
beable fo arowee the same pictures in the
minds of your pupils, and satisfy yourself
that they possees this power of plucing actu-

. ally before themselves magnets and iron in

various positions, and describing the exact

~ magaetic state of the iron in each paiticular
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case. The mere facts of magnelism willhave
their interest immmensely augniented by an
acquaintance with those hidden principles
whereon the facts depend. Still, while you
use thistheory of magnetic fluids to track out
the phenomena and link them together, be
sure (o tell your pupilsfhatit is to be regarded
as a symbol merely—a symbol, moreover,
which is incompetent to ¢over all the facts,*
but which does good practical service while
we are waiting for the actual truth,

This state of excitement into which the soft
iron istlirown hy the influcnce of the magnet,
is sometimes called ‘‘ magnetization by in-
fluence.”” More commonly, however, the
magnetism is said to bo ‘‘induced’’ in the
soft iron, and hence this way of magnetizing
is called ‘“magnetic induction.”” Now, there
is nothing theoretically perfect in Nuture:
there is ro iron so soft as mot to posscss u
certain amount of coercive force, and no steel
g0 hard as not to be capahle, in some degree,
of magnelic induction. The quality of steel
is in some measure possessed by iron, and the
quality of iron is shared'in some degree by
steel. It is in virtue of this latter fact that the
unmagnetized durning peedle was atlracted
in your first experiment ; and from this you
may at once deduce the conmsequence that,
after the steel has been magnetized, the te-
pulsive action of a magret must be slways
less than its attractive action. For the re-
pulsion is opposed by the inductive action of
the mugnet on the steel, while the attraction
is assisted by the same inductive action.
Make this clear to your minds, and verify it
by your experiments. Insome cases you can
actually make the attraction due to the tem-
porary magnetism overbalance the repulsion
due to the permanent magnetism, and thus
cause two poles of the same kind apparently
to attract each other. When, however, good
hurd magnets act on each other from a suffi-
cient distance, the inductive action practi-
cally vanishes, and the repulsion of like poles
is sensibly equal to the attraction of unlike
ones.

I dwell thus long on elementury principles,
because they are of the first importance, and
it is the temptation of this age of unhealthy
cramming to neglect them. Now follow me
a little further. In examining the distribu-
tion of maguetism in your strip of steel, you
raised the needle slowly from botlpm to top,
and found what we called a neutral point at
the centre. Now does the magnet really ex-
ert no influence on the pole presented to its
centre? Let us see.

Let 8 N, Fig. 1, be your maguoet, and Jet
n represent a particle of north magnetism
placed exactly opposite the middle of the
magnet. Of course thisisun imaginary case,
as you can never in reality thus detach your
north magnetism from its neighbor. What is

# This theory breaks down when applied fo diamag-
netic bodieg, which are repelled by magnets. Like
goft iron, such bodies are thrown into a state of tem-
gorary excitement in virtue of which they are repelled,

ut any attempt 1o explain such a repulsion by the de-
;-&rir;ﬁ:;sition of a fluid will demonsirate its owm
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the action of the two poles of the magnet
on n? Your reply will of course be that the
pole 8 attracts n while the pole N repels it.
Let the magnitude and direction of the at-
traction be expressed by thelinez m, and the
magnitude and direction of the repulsion by
thelinen o. Now the particle  being equally
distant from S and N, thelineno, expressing
the repulsion, will be equal to m n, which
expresses the attraction, and the particle n,
acted upon by two such forces, must evi-
dently move in the directionp n, exactly mid-
way between m n and no. Hence you see
that, although there is no tendency of -the
particle » to move toward the magnetic
equator, there is a tendency on its part to
move parallel to the magnet. If instead of a
particle of north magnetism we placed » par-
ticle of south magnetism opposite to the mag-

Fie. 1.

netic equator, it would evidently be urged
along the line n ¢ ; and if instead of two sep-
erate particles of magnctism we place « little
magnetic needle, containing both north and
south magnetism, opposite the magnetic
equator, its south pole being urged along 7 ¢,
smd its north along n p, the little needle will
be compelled 1o set itself parallel to the mag-
net 8 N.  Make the experiment, and satisfy
yourselves that this is the case.

Substitute for your magnetic needle a bit
of iron wire, doevoid of permanent magnetism,
and it will set itself exactly as the needle
does. Acted upon by the magnet, the wire,
as you know, becomes a magnetand behaves
as such ; it will, of course, turnits north pole
toward p, and south pole toward g, just like
the needle.

But supposing you shift the position of
your particle of north magnetism, and bring
it nearer to one end of your magnet. than to
the other, the forces acting on the particle
are no longer equal ; the nearest pole of the
magnet will act more powerfully on the par-
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ticle than the more distant one. Let § N,
Fig. 2, be the magnet and n the particle of
north magnetism in its new position. Well,
it is repelled by N, and attracted by 8. Let
the repulsion be represented in magnitude
and direction by the line 7n o, and the attrac-
tion by the shorter line n m. The resultant
of these two forces will be found by complet-
ing the parallelogram m 2 o p, and drawing
its diagonal = p. Along 7 p, then, a particle
of north magnetism wouid be urged by the
simultaneous action of 8 and N, ~Substitut-
ing a particle of south magnelism for n, the”
same reasoning would lead to the conclusion
that the particle would be urged along = g,
aud if we place at n a short magnetic needle,
its north pole will be urged along z p, its
south pole along n ¢, 9nd the onlv wosition
pussible to the needle, thus acted on, is along
the line p ¢, which, as you see, i3 no longer
parallel to the magnet. Verify this by actual
experiment.

In this way we might go round the entire
magnet, and considering its two poles as two
centres from which the force emanates, we
could, in accordance with ordirary mechani-
cal principles, assign a definite direction to
the magnetic needle at every particular place.
And substituting, as before, a bit of iron
wire for the magnetic needle, the positions of
both will be the same.

Now, Ithink, without further preface, you
will be able to comprehend for ycurselves,
and explain to others, one of the most in-
teresting effects in the whole domain of mag-
netism. Iron filings you know are particles
of iron, irregular in shape, being longer in
some directionsthanin others. For the pres-
ent experiment, moreover, instead of the iron
filings, very small scraps of thin iron wire
might be employed. Iplace a sheet of paper
over the magnet ; it is all the better if the
paper be stretched on a wooden frame, as
this enables us to keep it quite level. I scat-
ter the filings, or the scraps of wire, from a
sieve upon the paper, and tap the latier gently,
50 as to liberate the particles for & moment
{rom its friction. Themagnetactson the fil-
ings through the paper, and see how it
arrunges them ! They embrace the magnet
in a series of beautiful curves, which are
technically called mugnetic curves, or lines
of magnetic force. oes the meaning of
these lines yet flash upon you? Sct your
magnetic needle or your suspended bit of
wire at any point of one of the curves, and
you will find the direction of the needle or of
the wire to be exactly that of the particle cf
iron, or of the magnetic curve at the point.
Go round and round the magnet ; the direc-
tion of yournecedlealways coincides with the
direction of the curve on which it is placed.
These, then, are the lines along which a par-
ticle of south magnetism, if you could detach
it, would move to the north pole, and a bit
of north magnetism to the south pole ; they
are the lines along which the decomposition
of the neutral fluid takes place, and in the
case of tbe maguoetic needle, one of its poles
being urged in one direction, and the other
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pole in the opposite direction, the needle must
necessarily set itself usa Zangéntto the curve.
I will not seck to simplify this subject fur-
ther. If there be unything obscure or con-
fused or incomplete in my statement, you
ought now, by patient thought, to be able
to clear away the obscurity, to rednce the
confusion to order, und to supply what is
needed to render the explanation complete.
Do not quit the subject until you thoronghly
understand it; and if you are able to look
with your mnd's eye at the play of forces
around a magnet, and see distinctly the
operation of those forces in the production of
the magnetic curves, the time which we have
spent tozether has not been spent in vain.

In this thorough manoer we must master
our materiuls, reason upon them, and, by de-
termined study, attain to clearness of concep-
tion. Facts thus dealt with exercise an ex-
pausive force upon the houndaries of thought;
toey widen the mind to generalization. We
soon recognize a brotherhood between the
larger phenomena of Nature and the minute
effects which we have observed in our private
chumbers. Why, we inquire, does the mag-
netic needle set north andsouth ? Evidently
it is compelled to do sv Ly the earth; the
great %obe which we inherit is itself a mag-
net. Let us learn a littlemore about it. DBy
means of & bit of wax or otherwise, attach
your silk fibre to your magnetic necdle by a
single poiat atits middle, the necdle will thus
be uninterfered with by the paper loop, and
will enjoy to some extent a power of dipping
its point or its eye below the horizon. Lay
your magnet on a table, and hold the ncedle
over 1he vquator of the magnet. The needle
sets horizental. Move it toward the north
end of the magnet; the south end of the
needle dips, the dip augmenting as you ap-
proach the north pole, over which the needle
if free to maove, will set itself exuctly vertical.
Move it back to the centre, it resumes its
korizontality ; pass it on toward the south
pole, its north end now dips, and directly
over the south pole the needle becomes ver-
tical, its north end being now turned down-
ward. Thus we learn that on the one side
of the magnetic equator the north end of the
needle dips ; on the other side the south end
dips, the dip varying from nothing to ninety
degrees. If we go to the equatorial regions
of the earth with a suitably suspended needle,
we shall find there the position of the ncedle
horizontal. If we sail north, one end of the
necdle dips ; if we rail south, the oppotite
el dips ; and ever the north orsouth terres-
trial magnetic pole the needle sets vertical,
The south magnetic pole has not yet been
found, but Sir James Ross discovered the
north magunetic pule on the 1st ¢f June, 1831.
In this manner we establish a complete par-
allelizin between the action of the earth and
that of an ordinary magnet.

The terrestrial magnetic poles do not coin-
cide with the geographical ones ; nor does the
carth’s magnetic equator quite coincide with
the geographical eauator. The direction of
the muagnetic necdle in Londun, which is
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called the magnetic meridian, incloses an an-
gle of 24 degrees with the true astronomical
meridian, this angle being ealled the declina-
tion of the needle for London. The noith
pole of the needle now lies in tlie west of the
true meridian ; the declination is westerly.
In the year 1660, however, the declination
was nothing, while before that time it was
castetly. All this proves that the earth’s
magnetic constituents are gradually echanging
their distribution.  This change is very
sluw: it is technically called the secular change,
and the ohiservation of it has not yet extended
over a sufficient period of time to enable us
to guess, even approximately, at its laws.
Having thus discovered, to some extent,
the secret of the earth’s pawer, we can iurn
it to account. 1 hold in my hand a puker
formed of good softiron ; itis now in theline
of dip, a tangent, infact,tothe carth’s line of
magnetic force. The earth, acting as a mag-
net, is at this moment constraining the tweo
fluids of the poker to scparatc, making the
Jower end of the poker a nerth pole, and the
upper end a south pole.  Mark the experi-
ment : I hold the knob uppermost, and it at-
tracts the north end of a magnetic needle, 1
now reverse the poker, bringing its knob un-
dermost ; the knob is now a north pole and
attracts the south end of a magnetic needie.
Get such a poker and carefully repeat this
experiment ; salisfy yourselves that the fluids
suift their position according to the manner
in which the poker is presented to the carth.
It has alrcady been stuted that the softest
iron possesses a certain amount of coercive
force. The earth, at this moment, finds in
this force an antagonist which opposes the
full decomposition of the.neutral fluid. The
component fluids may be figured as meeting
an amount of friction, or possessing an
amount of adhesion, which prevents them
from gliding over the atoms of the poker.
Cuan we assist the earth in this case? If we
wish to remove the residue of & powder from
the interior surface of a glass to which the
powder clings, we invert the glass, tap it,
loosen the hold of the powder, and thus en-
able the force of gravity topull it down. So
also by tapping the end of the poker we loosen
the adhesion of the fluid to the atomsand en-
able the earth to pull them apart. DBut what
is the consequenee? The portion of fluid
which has been thus forcibly dragged over
the atoms refuses to return when th¢ poker
has been removed from the line of dip; the
iron, as you sce, has become a permanent
magnet. By reversing its position and tap-
ping it again we reverse its magnetism, A
thoughtful and competent teacher will well
know how to place these remarkabl~ facts
before his pupils in a manner which will ex-
<ite their interest ; he will know, and if not,
will try to learn, how, by the use of scnsible
images, mnre or less gross, to give those he
teai?xes definite conceptious, purifying these
conceptions more and more as the minds of
his pupils become more capable of abstraction.
He will cause his logic to run like a line of
light through these images, and by thus act-
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ing he will cause his boys to march at his
gide with a profit and a joy, which the mere
exhibition of facts without principles, or the
uppeal to the bodily senses and the power of
memory alone, could never inspire.*

As an expansion of the nate at page 339 the
following extract may find & place here :

*“It is well known that a voltaic current
exerts an attractive force upon a second cur-
rent, flowing in the same direction ; and that
when the directions are opposed to each other
the forcee¢xerted isarepulsiveone. By coil-
ing wires into spirals, Ampére was cnabled
{0 make them produce all the phenomena of
attraction and repulsion exhibited by mag-
nets, and from this it was but a step to his
celebrated theory of molecular currents, He
supposed the molecules of a magnetic body to
be surrounded by such currents, which, how-
ever, in the natural state of the body mutually
neutralized each other, on sccount of thelr
confused grouping. The act of magnetization
he supposed to consist in setting these moie-
ccular currents parallel to each other ; and,
starting from this principle, he reduced all the
phenoniena of magnetism to the mutual action
of ecletric currents.

‘“1f we retlect upon the experiments re-
corded in the foregoing pages from first to
last, we can hardly fail to be convinced that
diamaguetic bodies operated on by magnetic
forces possess a polarity * the same in kind
ns, but the reverse in directicn of, that ac-
quired by magnetic bodies.” Bat, if this be
the case, how are we to conceive the physical
mechanism of this polarity ? According to
Coulconb’s and Poisson’s theory, the act of
magnetization cousists in the decomposition
of a neutral magnetie fluid ; the north pole of
a magnet, for example, possesses an attraction
for the south fluid of a piece of sotft iron sub-

mitted to its influence, draws the said fluid
toward it, and with it the material particles
with which the fluid is associated. To uc-
count for diamagnetic phenomena this theory
seems to fail nltogether ; according to it, in.
deed, the oft used phrase, ‘a north pole ex-
citing a north pole, and a south pole a south
pole,” involves a contradiction. For if the
north fluid be supposed to be attracted toward
the influencing north pole, it i;absurd to sup-
pose that its presence there could produce re-
pulsion. 'The theory of Ampcére is equally at
a loss to explain diamagneuc action; for if
we suppose the paiticles of bismuth sur
rounded by molecular currents, then, accord-
ing to all that is known of clectro-dynamic
laws, these currents would set themselves
parallel to. and in the same direction as those
of the muaguet, and hence atiraction, and not
repalsion, would be the result. The fact,
however, of this not being the case proves
that these molecular curients are not the
mechanism by which diamagnetic induction
is effected. ~ The consciousness. of this, I
doubt not, drove M. Weber to the assumption
that the phenomena of dinmagnetism are pro-
duced by molecular currents, not directed, but
nctually excited in the bismuth by the magnet.
Such induced currents would, according to
known laws, have a direction opposed to those
of the inducing magnet, and hence would
produce the phenomena of repulsion. To
carry out the assumption here made, M.
Weber is obhged to suppose that the mole-
cules of diamagnetic bodies are surrcunded
by chanuels, in which the induced molecular
currents, ouce excited, continue to flow with-
out resistance.”’—Diam agnetism and Magne-
crystallic Action, pp. 136, 137,

THE END.
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SIX LECTURES ON LIGHT

By Prof. JOHN TYNDALL, F.RS.

PREFACE.

MY eminent friend, Prof. Joseph Henry,
of Washington, did mne the honor of taking
these lectures under .his personal direction.
and of arranging the times and- places at
which they were to be -delivered.

Deeming that my home-duti.s could not,
with propriety, be suspended for a longer
period, I did not, at the outset, expect to be
able to prolong my visit to the United
States beyond the end-of 1872.

Thus limited as to time, Prof. Henry began
in the North, and, proceeding southwards,
arranged for the successive delivery of the
lectures in Boston, New York, Philadelphia,
Baltimore, and Washington.

By this arrangement, which circumstances
at the time rendered unavoidable, the lec-
tures in New York were rendered coincident
with the period of the presidential election.
This was deemed unsatisfactory, and when
¢the fact was represented to me I 1t once of-
fered to extend the time of my visit so as to
‘make the lectures in New Yirk succeed
those in Washington. 7The proposition was
cordially accepted by my friends.

To me personally this modified arrange-
ment has proved in the highest degree satis-
factory. It gave me a much-needed holiday
at Niagara Falls ; it, moreover, rendered the
succsssive stages of my work a kind of grow?4,
which reached its most impressive develop-
meny in New Vork and Brooklyn.

In every city that I have visited, my recep-
tion has been that of a friend; and, now
that my visit has become virtually a thing of
the past, I can fook back upon it with unqual-
ified pleasure. It is a memory without a
stain—an experience of deep and genuine
kindness on the part of the American people
never, on my part, to be forgotten.

This relates to what may be called the pos-
itrve side of my visit—to the circumstances
attending the work actually done. My only
drawback relates to work wndoné; for 1 carry
home with me the consciousness of having
been unable to respond to the invitations of
the great cities of the West; thus, I fear,
causing, in many cases, disappointment.
Would that this could have been averted !
But the character of the lectures, and the
weight of instrumeatal appliances which they
involved, entailed loss of time and heavy
labor. ‘The need of rest alone would be a
sufficient adinonition to me to pausc here ;
but, besides this, each successive mail from
Londou brings me intelligence of work sus-
pended and duties postponed through my
absence.  These are the considerations
which prevent me from responding, with a
warmth commensurate with their own, to
the wishes of my friends in the West.

On quitting England. I had no intention
of publishing these lectures, and, except a
fragment or two, not a line of them was wriitez
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when I reached this city. They have been
begun, continued, and ended in New York,
and bear baly 1oc evident marks of tte rapid-
ity of their production. I thought it, how-
ever, due. boih to those who heard them with
such marked attention, and to those who wish-
ed to hear them, but were unable to do so, to
Jeave t:em behind me in an authentic form.
The execution of this work has cut me off
from many social pleasures ; it has also pre-
vented me from making myself acquainted with
institutions in the working of which I feel a
deep interest. But human power is finite,
and mine has been expended in the way which
I decmed most agreeable, not to miy more
intimate friends, but to the people of the
United States.

In the opening lecture are mentioned the
names of gentlemen to whom I am under
lasting obligations for their friendly and often
laborious aid.  The list might readily be ex-
tended, for in every city I have visited willing

helpers were at hand. I must not, however,
omit the name of Mr. Rhecs, Professor
Henry’s private secretary, who, not only in
Washington, but in Boston, gave me most
important assistance. To the trustees of the
Cooper Institute my acknowledgments are
due ; also to the directors of the Mercantile
Library at Brooklyn. I would add to thesea
brief but grateful reference to my high-minded
friend and kinsman, General Ilcctor Tyn.
dale, for his long-continued care of me, and for
the thoughtful tenderness by which he and his
family softened, both to me and to the parents
of the youth, the pain occasioned by the death
of my junior assistant in Philadelphia.

Finally, I have to mention with warm com-
mendation the integrity, ability, and devo-
tion, with which, from first to last, I have
been aided by my principal assistant, Mr,
John Cottrell.

NEW YORK, February, 1873.

LECTURE I.
INTRODUCTORY : Uses of Experiment: Early Scien-
tific Notions: Sciences of Observation: Knowl-
edge of the Ancien:s Regarding Light: Nature
judged from Theory defective: Defects of the

Eye: Our Instruments: Rectilineal Propagation

of Light: Law of Incidence and Retlection:

Sterility of the Middle Ages: Refraction: Dis-

covery of Snell: Descartes and the Rainbow:

Newton's Experiments on the Composition of

Solar Light: His Mistake as rega:ds Achroma-

tism: Synthesis ot White Light: Yellow and

Blue Lights proved to produce White by their

Mixture: Colors of Natural Bodies: Absorption :

Mixture of Pigments contrasted with Mixture of

Lizhts.

SoME twelve years ago I published, in
England, = little book entitled the ** Glaciers
of the Alps,” and, a couple of years subse-
quently, a second volume, entitled ** Ieat as
a Mode of Motion.” These volumes were
followed by others, written with ¢qual plain-
ness, and with a similar aim, that aim being
to develop and deepen sympathy between
science and the world outside of science. 1
agreed with thoughtful men* who deemed
it good for neither world to be isolated from
the other, or unsympathetic towards the
other, and, to lessen this isolation, at least in
one department of science, I swerved aside
from those original rescarches which had pre-
viously been the pursuit and pleasurs of my
life.

These books were, for the most part, re-
published by the Messrs. Appleton, under

the auspices of a man who is untiring in his
efforts to diffuse sound scientific knowledge
among the people of this country; whose
energy, ability, and single-mindedness, in the
prosecution of an arduous task, have won for
him the sympathy and support of many of us
in ‘‘the old country.” I allude to Professor
Youmans, of this city. Quite as rapidly as
in Eneiand, the aim of these works was un-
derstood and appreciated in the TUnited
States, and they brought me from this side
of the Atlantic innumerable evidences of
good-will, Year after year, invitations
reached me * to visit America, and last year
I was honored with a request so cordial, and
signed by five-and-twenty names so distin-
guished in science, in literature, and in ad-
ministrative position, that I at once resolved
torespond to it by braving, not only the dis-
quieting oscillations of the Atlantic, but the
far more disquieting ordeal of appearing in
person before the people of the United
States. |,

This request, conveyed to me by my ac-
complished friend, Professor Lesley, of Phil-
adelphia, and preceded by a letter of the
same purport from your scientific Nestor,
Professor Joseph Henry, of Washington, de-
sired that I would lecture in some of the
principal cities of the Union. This I agreed
to do, though much in the dark as to what
form such lectures ought to to take. In

*Among whom may be mentioned, specially, the
late Sir Edmuad Head, Bart,

* One of the earliest came from Mr. John Amory
Lowell, of Boston,
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answer to mv inquiries, however, I was given
to understand (by Professor Youmans princi-
pally) that a course of experimental lectures
would materially promote scientific cducation
in this country, and I at once resolved to
meet this desire, as far as my time allowed.

Experiments have two uses—a use in dis-
covery, and a use in tuition. They are the
investigator’s language addressed to Nature,
to which she sends intelligible replies. These
replies, however, are, for the most part, at
first too feeble for the public ear ; for the in-
vestigater cares little for the loudness of Na-
ture's voice if he can only unravel its meaning.
But after the discoverer comes the teacher,
whose function: it is so t6 exalt and modify the
resu ts of the discoverer as to render them fit
for public presentation.  This secondary
functicn I shall endeavor, in the piresent in-
stance, to fulfil.

I propose to take a single department of
natural philosophy, and illustrate, by means
of it, the growth of scientific knowledge under
the guidance of experiment. I wish, in this
fi st lecture, to make you acquainted with cer-
tain elementary phenomena ; then to point
out to ycu how those theoretic principles hy
which phenomena are explained, take root,
and flourish in the human mind, and after-
wards to apply these principles to the whole
bedy of knowledge covered by the lectures.
The science of optics lends itself to this mode
of reatment, and on it, therefore, I propose
to draw for the materials of the present course.
It will be best to begin with the few simple
facts regarding light which we:e known tothe
ancients, and to pass from them in historic
gradation to the more atstruse discoveries of
modern times.

All our notions of Nature, however exalted
or however grotesque, have some foundation
in experience. The notion of personal voli-
tion in Nature had this basis. In the fury
and the serenity of natural phenomena the
savage saw the transcript of his own varying
moods, and he accordingly ascribed these
phenomena to beings of like passions with
himself, but vastly transcending him in power.
Thus the notion of causality—the assumption
that natural things did not comz of themselves,
but had unseen antecedents—lay at the root
of cven the savage’s interpretation of Nature.
Out of this bias of the human mind to seek
for the antecedents of phenomena all science
has sprung.

The development of man, indeed, is ulti-
matcly due to his interaction with Nature.
Natural phenomena arrest his attention and
excite his questionings, the inteilectual activity
thus provoked reacting on the intellect itself,
and adding to its strength. The quantity of
power added by any single cffort of the in-
teilect may be indefinitely small ; but the in-

tegration of innumerable increments of this |

kind has raised iatellectual power from its
rudiments to the magnitude it possesses to-
day.- In fact, the indefinite smallness of the

single increment is made good by the indefi-
nite number of such incréments, summed up
in what may be regarded as practically infinite
time, '

We will not now go back to man's first
intellectual gropings ; much less shall we
enter upon the thorny discussion as to how
the groping man arose. We will take him at
a certain stage of his development, when, by
evolution or sudden endowment, he became
possessed of the apparatus of thought and
the power of using it. For a time—and that
historically a long one—he was limited to
mere observation, accepting what Nature of-
fered, and confining intellectual action to it.
The apparent motions of sun and stars first
drew towards them the questionings of thein-
tellect, and accordingly astronomy was the
first science developed. Slowly, and with diff-
culty, the notion of natural forces took root
in the mind, the seedling of this notion being
the actual observation of clectric and mag-
netic attractions. Slowly, and with difficulty,
the science of mechanics had to grow out of
this notion ; and slowly at last came the full
application of mechanical principles to the
motions of the heavenly bodles. We trace
the progress of astronomy through Hip-
parchus and Ptolemy; and, after a long halt,
through Copernicus, Galileo, Tycho Brahe,
and Kepler; w ile, from the high table-land
of thought raised by these men, Newton,
Lshoots upward like a peak, overlooking all
others from his dominant elevaticn.

But other objects than the motions of the
stars attracted the attention of the ancient
world. Light was a familiar phenomenon,
and from the earliest times we find men’s
winds busy with the attempt to render some
account of it. But, without experiment,
which belongs to a later stage of scientific
development, little progress could be madein
this subject. 'The ‘ancients, accordingly,
were far less successiul in dealing with light
than in dealing with solar and stellar mo-
tions.  Still, they did make some progress.
They satisfied themselves that light moved
in straight lines; they knew, also, that these
lines or 7ays of light were reflected from pol-
ished surfaces, and that the angle of inci-
dence was equal to the angle of reflection.
These two results of ancient scientific curios-
ity constitute the starting-point of our pres-
ent coursc of Jectures.

But, in the first place, it may be useful to
say a few words regarding the source of light:
to be cmployed in our experiments. The,
rusting of iron is, to all intents and purposes,
the slow burning of iron. It develops heat,
and, if the heat be preserved, a high temper-
ature may be thus attained. The destruc-
tion of the first Atlantic cable was probably
due to heat developed in this way. Other
metals are still more combustible than iron.
You may light strips of zinc in a candle-
flame, and cause them to burn almost like
strips of paper. But, besides combustion in
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the air, we may also have combustion ir a
liquid. Water, for example, contains a store
of oxygen which may unite with and consume
a metal immersed in it. It is from this kind
of combustion that we are to derive the heat
and light employed in the present course.

Their generation merits a moment'’s atten-
tion. DBefore you is an instrument—a small
voltaic battery—in which zinc is immersed in
a suitable liquid. Matters are so arranged
that an attraction is set up between the metal
and the oxygen, actual union, however, being
in- the first instance avoided. Uniting the
two ends of the battery by a thick wire, the
attraction is satisfied, the oxygen unites with
the metal, the zinc is coasumed, and heat, as
usual, is the result of the combustion. A
power, which, for want of a better name, we
call an electric current, passes at the same
time through the wire.

Cutting the thick wire in two, I unite the
severed ends by a thin one. It glows with a
white heat. 'Whence comes that heat? The
question is well worthy of an answer. Sup-
pose in the first instance, when the thick wire
was employed, that we had permitted the ac-
tion to continue until 100 grains of zinc were
consumed, the amount of heat generated in
the battery would be capable of accur-te nu-
merical expression. Let the action now con-
tinue, with this thin wire glowing, until 100
grains of zincare consumed. Willthe amount

,uf heat generated in the battery be the same
as before? No, it will be less by the precise
amount generated in the thin wire outside the
battery. In fact, by adding the internal heat
to the external, we obtain for the combustion
of 100 grains of zinc a total which never va-
ries. By this arrangement, then, we are able
to burn our zinc at one place, and to exhibit
the heat and light of its combustion at a dis-
tant place. In New York, for example, we
have our grate and fuel; but the heat and
light of our fire may be made to appear at
San Francisco.

I now remove the thin wire and attach to
the severed ends of the thick one two thin
rods of coke. On bringing the rods together
we obtain a small star of light. Now, the
light to be employed in our lectures is a sim-
ple exaggeration of this star. Instead of
being produced by ten cells, it is produced by
fifty. Placed in a suitable camera, provided
with a suitable lens, this light will give us all
the beams necessary for our experiments.

And here, in passing, let me refer to the
common delusion that the works of Nature,
the human eye included, are theoretically per-
fect. The degree of perfection of any organ
is determined by what it hasto do. Looking
at the dazzling light from our large battery,
you see a globe of iight, but entirely fail to
see the shape of the coke-points whence the
light issues. The cause may be thus made
clear: On the screen before you is projected
an image of the carbon-points, the w/ole of
thelensin front of the camera being employed

to form the image. It is not sharp, but sur-
rounded by a halo whic'1 nearly obliterates it,
This arises from an imperfection of the lens,
called its spherical aberration, due to the fact
that the circumferential and central rays have
not the same focus. The human eye labors
under a similar defect, and, when you looked
at the naked light from fifty cells, the blur of
light upon the retina was sufficient to destroy
the definition of the retinal image of the car-
bons. A long list of indictments might in-
deed be brought againstthe eye—its opacity,
its want of symmetry, its lack of achroma-
tism, its absolute blindness, in part. All
these taken together caused an eminent Ger-
man philosopher to say that, if any optician
sent him an instrument so full of defects, he
would send it back to him with the severest
censure. But the eye is not to be judged
from the standpoint of theory. As a practi-
cal instrument, and taking the adjustments by
which its defects are neutralized into account,
it must ever remain a marvel to the reflcting
mind

T ae ancients, as I have said, were aware of
the rectilineal propagation of light. They
knew that an opaque body, placed between
the cye and a point of light, intecepted the
light of the point. Possibly the terms “ray ™
and ‘‘beam’ may have been suggested by
those straight spokes of light which, in car.
tain states of the atmosphere, dart from thsg
sun at his rising and his setting. The recti-\
lineal propagation of light may be illustrated
at home in th’s way: Make a small hole in a
closed window-shutter, before which stands a
house or a trec, and place within the dark-
ened room a white screen at some distance
from the orifice. Every straight ray proceed-
ing from the house or tree stamps its color
upcn the screen, and ‘the sum of all the rays
forms an image of the object. But, as the
rays cross each other at the orifice, the image
is inverted. Here we may illustrate the sub-
ject thus: In front of our camera is a large
opening, closed at present by a sheet of tin-
foil. ~ Pricking by means of a common sew-
ing-needle a small aperture in the tin-foil, an
inverted image of the carbon-points starts
forth upon the screen. A dozen apertures
will give a dozen images, a hundred a hua-
dred, a thousand a thousand. But, as the
apertures come closer to each other, that is to
say, as the tin-foil between the apertures van-
ishes, the images overlap more and more.
Removing the tin-foil altogether, the screen
becomes uniformly illuminated IHence the
light npon the screen may be regarded as the
overlapping of innumerable images of the
carbon-points. In like manner the light
upon every white wall on a cloudless day
may be regarded as produced by the super-
position of innumerable images of the sun.

The law that the angle of incidence is
equal to the angle of reflection is illustrated
in this simple way: A straight lath is placed
as an index perpendicular to a small looking-
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glass capable of rotation.” A beam of light
is received upon the glass and reflected back
upon the line of its incidence. Though the
incident and the reflected beams pass in
opposite directions, they do not jostle or dis-
place each other. The index being turned,
the mirror turns along with it, and at each
side of the index the incident and the
reflected beams are scen tracking themselves
through the dust of the room. The mere
inspection of the two angles enclosed be-
twe:n the index and the two beams suffices
to show their equality. The same simple
apparatus enables us to illustrate a law of
great practical importance, namey, that,
when a mirror rotates, the angular velocity
of a beam reflected from it is twic> that of
the reflecting mirror. One experiment will
make this plan to you. ‘The mirror is
now vertical, and both the incident and the
reflected beams are horizontal. Turning the
mirror through an angle of 45° the reflected
beam is vertical ; that is to say, it has moved
9o°, or through twice th2 angle of the mirror.
Ons of the problems of science, on which
scientific progress mainly depends, is to help
the senses of man by carrying them into re-
gions which could never be attained without
sich help. Thus we arm the eye with the
telescope when we want to sound the depths
of space, and with the miscroscope when we
want to explore motion and structure in their
infinitesimal dimensions. Now, this law of
angular reflection, coupled with the fact that
a beam of light possesses no weight, gives us
the means of magnifying small motions to an
extraordinary degree. Thus, by attaching
mirrors to his suspended magnets, and by
wa ching the images of scales reflected from
the mirrors, the celebrated Gauss was able to
detect the slightest thrill or variation on the
part of the earth’s magnetic force. The mi-
nute elongation of a bar of metal by the mere
warmth of the hand may be so magnified by
this method as to cause the index-beam to
move from the ceiling to the floor of this
room. The elongation of a bar of iron when
it is magnetized may be thus demonstrated.
By a similar arrangement the feeble attrac-
tions and repulsions of the diamagnetic force
have been made manifest; whilein Sir William
Thompson’s reflecting galvanometer the prin-
ciple receives one of its latest applications.
For more than 1,000 years no step was
taken in optics beyond this law of reflection.
The men of the Middle Ages, in fact, endeav-
ored on the o.e hand to develop the laws of
the universe out of their own consciousness,
while many of them were so occupied with
the concerns of a future world that they
looked with aloity scorn on all things pertain-
ing to thisone. Notwithstanding its demon-
strated ‘failure during 1,500 years of trial,
there are still men among us who think the
riddle of the universe is to be solved by this
appeal to consciousness. And, like most
people who support a delusion, they maintain

 theirs warmly, and show scant respect for

those who dissent from their views.* As re-
gards the refraction of light, the course of
real inquiry was resumed in 1100 by an Ara-
bian philosopher named Alhazen. Then it
was taken up in succession by Roger Bacon,
Vitellio, and Kepler. One of the most im-'
portant occupations of science is the deter-.
mination, by precise measurements, of the
quantitative relations of phenomena. The
value of such measurements depends upon the
skill and conscientiousness of the man who
makes them. Vitellio appears to have been
both skilful and conscientious, while Kepler’s
babit was to rummage through the ob-erva-
tions of his predecessors, look at them in ail
lights, and thus distill from them the princi-
ples which united them. He had done this
with the astronomical measurements of
Tycho Brahe, and had extracted from them
the celebrated ‘‘laws of Kepler.” He did it
also with the measurements of Vitellio. Sut
in the case of refraction he was not success-
ful. The principle, though a simple one, es-
caped him. It wasfirs discovered by Wille-
brod Snell, about the year 1621.

Less with the view of dwelling upon the
phenomenon itseif than of introducing jt to
you in a form which will render intelligible
the play of theoretic thought in Newton's
mind, I will show you the fact of refraction.
The dust of the air and the turbidity of a liquid
may here be turned to account. A shallow
circula- vessel with a glass face, half filled
with water, rendered barely turbid by the
precipitation of a little mastic, is placed upon
its edge with its glass face vertical. Through
a slit in the hoop surrounding the vessel a
beam of light is admitted. It impinges upon
the water, enters it, and tracks itself through
the liquid in a sharp, bright band. Meanwhile
the beam passes unseenthrough the air above
the water, for the air is not competent to
scatter the light. A puff of tobacco smoke
into this space at once reveals the track of the
incident-beam. - If the incidence be vertical,
the beam is unrefracted. If oblique, its re-
fraction at the common surface. of.air and
water is rendered clearly visible. Itis also
seen that reflection accompanies refraction,
the beam dividing itself at the point of inci-
dence into a refracted and a reflected portion.

The law by which Snell connected together
all the measurements executed up to his time,
is this: Let A B C D represent the outline
of our circular vessel (Fig. 1), A C bemg the'
water-line. When the beam is incident aiong
B E, which is perpendicular to A C, there is
no refraction.  When it is incident along 7
E, there is refraction: it is bent at E and
strikes the circle at 2. When it is incident

# Schelling thus expresses his contempt for experi-
mental knowledge : ** Newton’s Optics is the greatest
illustration of a whole structure of fallacies, which in
alli its parts is founded on observation and experi~
ment.” ‘There are some small imitators of Schelling
still in Germany.

P
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along m/ E, therc is also refraction at E, the
beam striking the point /. From the ends
of the incident beams, let the perpendiculars
2 0, m’ o’ be drawn upon B D, and from the
ends of the refrected beams let the perpen-
diculars p 7, p” #/ be also drawn. Measure
the lengths of o 7 and of # 7. and divide the

FIG. 1.

one by the cther. You obtain a certain quo-
tient. TIn like manner divide 7/ o/ by the
corresponding perpendicular p” 7/; you ob-
tain in each case ke sameiquotient. Snell, in
fact, found this quotient to be a constant
quantity for each particular substance, though
ic varied in amount from substance to sub-
stance  le cailed the quotient the index of
refraction.

This law is oue of the corner-stones of
optical science, and its applications to-day
are million-fold. Immediately after its dis-
covery, Descartes applied it to the explana-
tion of the rainbow. The bow s seen when
the back is turned to the sun. Draw a
straight line through the spectator’s eye and
the sun, the bow is always seen at the same
angular distance from this line. This was
the great difficulty. \Why shouid the bow be
always and at all its parts, forty-one degrees
from this line? Takinz a pen and calculat-
ing the track of every ray through a rain-
drop, Descartes found that, at one particular
angle, the rays emerged from the drop zlmost
parallel to each other; being t:us enabled to
preserve their intensity through long atmos-
pheric distances; at all other angles the rays
quitted the drop divergent, and through this
divergence became so enfeebled «s to be
practically iost to the eye. The particular
angle here referred to was the foregoing
angle of forty-one degrees, which observa-
tion had proved to be invariably that of the
rainbow. 7

But in the rainbow a new phenomenon
was introduced—the phenomenon of color.
And here we arrive at one of those points in
the history of science, when men’s labors so
intermingle, that it is difficult to assign to
cach worker his precise meed cf honor. Des-
cartes was at the threshold of the discovery
of the composition of solar light. DBut he
failed to attain perfect clearness, and it is

certain that he did nct enunciate the true
law. This was reserved for Newton, who
went to work intais way: Through the closed
window-shutter of a room he pieiced an ori-
fice, and allowed a thin sunbeam to pass
through it. The beam stamped a round
image of the sun oa the opposite white wall
of the rcom. In the path of this beam New-
ton placed a prism, expecting to see the beam
refracted, but also expecting to sce the image
of the sua, afrer refiaction, round; 1o lus
astonishment, it was drawn out to an image
whose length was five times its bteadth; and
this image was divided into bands of differ-
ent colors. Newton saw immediately that
solar light was composite, not simple, His
image revealed to him the fact that some con-
stituents of the solar light were more deflect-
ed by the prism than others. and he conclud-
ed, therelore, that white solar light was a
mixtur: of lights of different colors and of
different degrees cf refrangibility.

Let us reproduce ihis celebrated experi-
ment. On the screen is now stamped a lu-
minous disk, which may stand for Newton's
image of the sun. Causing the beam wi ich
produces the disk to pass through a prism.
we obtain Newton's elongated colored image,
which he called e spectrum. Newtondiviued
the spectrum into seven parts—red, orange,
yellow, green, blue, indigo, violet—which
are commonly called the seven primury or
prismatic colors.  This drawing out of the
white light into its constituent colors is called
dispersion.

This was the first analysis of solar light by
Newton ; but the scientific mind is fond of
verification, and never neglects it where it is
possible. It is this stern conscientiousness in
testing its conclusions that gives adamantine
strength to science, and renders all assaults
on it unavailing. Newton completed his
proof by syothesis in this way: The spec-
trum now befor: you is produced by a glass
prism.  Causing the decomposed beam to
pass through a second similar prism, but so
placed that the colors are refracted back and
reblended, the perfectly white image of the
slit is restored. Iere, then, refraction and
dispersion are simultaneously abolished. Are
they always so? Can we have the one with-
out the other? It was Newton’s conclusion
that we could not. Here he erred, and his
error, which he maintained to the end of his
life, retarded the progress of optical discovery.
Dolland subsequently proved that, by com-
bining two different kinds of glass, the colors
could be extinguished, still leaving a residue
of refraction, and he employed this residuc
in the construction of achromatic lenses —
lenses which yield no color—which Newion
thought an impossibility. By setting a water-
prism—water contained in a wedge-shaped
vessel with glass sides—in opposition to «
prism of glass, this point can be illustrated
before you. We have first the position of the
unrefracted beam marked upon the screen ;
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then we produce the water-spectrum ; finally,
by introducing a flint glass prism, we refract
the beam back, until “the color Cisappears.
The image of the slit is now wkite ; but you
see that, though the dispersion-is abolished,
the refraction is not.

This is the placg to illustrate another point
bearing upon the instrumental means em-
ployed in these lectures. Note the position
ot the water-spectrum upon the screen. Alter-
ing, in no particular, the wedge-shaped ves-
sel, but simply substituting for the water the
transparent bisulphide of carbon, you notice
how much higher the beam is thrown, and
how much richer is the display of color.
This will explain to you the use of this sub-
stance in our subsequent experiments.

The synthesis of white light may be
effected in three ways, which are now worthy
of special attention: Here, in the first in-
stance, we have a rich spectrum produced by
a prism of bisulphide of carbon. One face
of the prism is protected by a diaphragm
with a longitudinal slit, through which the
beam passes into the prism. 1t emerges de-
composed at the other side. I permit the
colors to pass through a cylindrical lens,
which so squeezes them together as to pro-
duce upon the screen a sharply- defined rect-
L angular image of the lengitudinal slit. In
that image the colors are re-blended, and you
see it perfectly white. Between the prism
and the cylindrical Jens may be seen the
colors tracking themseives through the dust
of the rcom. Cutting off the more reirangi-
ble fringe by « card, the rectangle is seen
red ; cutting off the less refrangible fringe,
the -ectangle is seen blue. By means of a
thin glass prism, I deflect one portion of the
colors, and leave the residuai portion. On
the screen are now two colored rectangles
produced in this way. These are comple-
mentary colors—colors which, by their union,
prcduce white. Note that, by judicious
management, one of these colors is 1endered
yellow, and the other #/ue. 1 withdraw the
* thin prism ; yellow falls upon blue, and we

have w/hite as the result of their union. On
our way, we thus abolish the fallacy first
exposed by Helmholtz, that the mixture of
blue and yellow lights produces green.

Again, restoring the circular aperture, we
obtain once more a spectrum like that of
Newton. » By means of a lens, we gather up
these colors, and build them together not to
an image of the aperture, but to an image of
the carbon points themselves. Finally, in

. virtue of the persistence of impressions upon
the retina, by means of a rotating disk, on
which are spread in sectors the colors of the
spectrum, we blend together the prismatic
colors in the cye itself, and thus produce the
impression of whiteness,

Having unravelled the interwoven con-
stituents of white light, we have next to
inquire, What part the constitution so
revealed enables this agent to play in Nature ?

- ! ey DT SRR -

To it we owe all the phenomena of color;
and yet not to it alone. for there must be a
certain relationship between the ultimate par-
ticles of natural bodies and light to enable
them to extract from it the luxuries of color.
But the function of natural bodies is here
selective, not creative. ‘There is no color gen-
erated by any natural body whatever. Natural
bodies have showered upon them, in the
white light of the sun, the sum total of all
possible colors, and their action is limited to
the sifting of that total, the appropriating
from it of the colors which really belong to
them, and the rejecting of those which do
not. It will fix this subject in your minds if’
I'say that it is the portion of light which
they rej.ct, and not that which belongs to
them, that gives bodies their colors.

Let us begin our experimental inquiries here
by asking, Whatis the meaning of blackness ?
Pass a black ribbon in succession through the
colors of the spectrum; it quenches all.
This is the meaning of blackness—it is the
result of the absorption of a// the constituents
of solur light. Pass a red r.bbon through the
spectrum.  In the red light the ribbon is a
vivid red. Why? Because the light that
enters the ribbon is not quenched or absorbed,,
but sent back to the eve. Place thesame rib.
bon in the green or blue of the spectrum ; ‘&
is black as jet. It absorbs the green and.
blue light, and leaves thespace on which, they
fall a space of intense darkness. Place a,
green ribbon in the green of the spectrum.
1t shines vividly withits proper colar; transfer-
it to the red, it is black as jet. Here it ab-.
sorbs all the light that falls upoa it, and offers,
mere darkness to the eye. \When white light
is employed, the red sifts it by quenching the.
green, and the green sifts it by quenching the
red, both exhibiting the residual calor. Thus
the process through which natural; bodies ac-
quire their colors is a megaZive one. The
colors are produced by subtraction, not by
addition. This red glass is,red because it
destroys all the more refrangible rays of the.
spectrum. T his blue liquid is blue hecausc it_
destroys all the less refrangible rays. Both
together are opaque because the light trans-.
mitted by the one is quenched by the other.
In this way by the union of two transparent:
substances we obtain a combination as dark,
as pitch to solar light. This other liquid,
finally is purple because it destroys the greea
and the yellow, and allows the terminal colors.
of the :pectrum to pass unimpeded. From
the blending of the blue and the red this gor-
geous color is produced.

These experiments prepare us for the fur-.
ther consideration of a point already adverted
to, and regarding which error has found cur-
rency for ages. You will find it stated in
books that blue and yellow lights mixed to-
gether produce green.  But blue and yellow
have been just proved to be complementary
colors, producing white by their mixture.
Tbe mixture of blue and yellow pigments un-
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doubtedly produces green, but the mixture of
pigments is totally different from the mixture
of lights. Helmholtz, who first proved yel-
low and blue to complementary..colors, has
revedled the cause of the green in the case of
the pigmeats. No natural color is pure. A
blue liquid or a blue powder permits not only
the blue to pass through it, but a portion of
the adjacent green. A yellow powder is
transparent not only to the yellow light, but
also in part transparent to the adjacent green.
Now, when blue and yellow ‘are mixed to-
gether, the blue cuts off the yellow, the orange,
and the red ; the yellow, on the other hand,
cuts off the violet, the indigo, and the blue.
Green is the only color to which both are
transparent, and the consequence is that,
when white light falls upon a mixture of yel-
low and blue powders, the green alone issent
back to the eye. I have already shown you
that the fine blue ammonia-sulphate of copper
transmits a large portion of green, while cut-
ting off all the less refrangible light. A yel-
low solution of picric acid also allows the
green to pass, but guenches all the morc re-
frangible light. 'What must occur when we
send a beam through both liquids? The
green band of the spectrum alone remains
upon the screen,

This question of absorption is one of the
most subtle and difficult in molecular physics.
e are not yetin a condition to grapple with
i, but we shall be by-and-by. Meanwhile,
*we may profitably giance back on the web of
relations which these experiments reveal to
us.,  We have, in the first place, in solar
light a1 agent of exceeding complexity, com-
posed of innumerable constituents, refrangi-
blc in different degrees. We find, secondly,
the atoms and molecules of bodies gifted
with the power of sifting solar light in the
most various ways, and producing by this
+ifting the colors observed in nature and art.
To do this they must possess a molecular
structure commensurate in complexity with
that of light itself. Thirdly, we have :he
human eye and brain so organized as to be
able to take in and distinguish the multitude
of impressions thus generated.. Thus, the
Tight at starting is complex; to sift and select
it us they do natural bodics must be complex.
Finally, to take in the impressions thus gen-
«rated, the human eye and brain must be
highly complex. Whence this triple com-
puxiy? 1f what are called material pur-
pos.s were the only end to be served, a much

simpler mechanism would be sufficient. But,
instead of simplicity—instead of the princi-
ple of parsimony—we have prodigality of re-
lation and adaptation, and this apparently
for the sole purpose of enabling us to see
things robed in the splendor of color. Would
it not seem that Nature harbored the inten-
tion «f educating us for other enjoyments
than those derivable from meat and drink ?
At all events, whatever Nature meant—and
it would.be mere pres. mption to dogmatize
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as to what she meant—we find ourselves here
as the issue and upshot of her operations, ea-
dowed with capacities to enjoy not only the
materially useful, but.endowed with others of
indefinite scope and application, which deal
alone with the beautiful and the true.

LECTURE II.

Origin of Physical Theories: Scope of the Imagina~
tion ;: Newton and the Emission Theory: Verifica-
tion of Physical Theories: ‘The Lumniniferous ;
Ether: Wave-Thecry of Light: Thomas Young:
Fresnel and Arago: Conceptionsof Wave-Motion:
Interference of Wavis: Constitution of Sound-
Waves: Analogies of Sound and Light: Illustra-
tions of Wave-Motion: lnterference of Sound-
Waves: Optical lilustrations: Pitch and Color:
Lengths of the Waves of Light and Rates of
Vibration of the Ether-Particles: Interference of
Light : Phenomena which first suggested the Un-
dulatory ‘Theory: Hooke and the .Colors of Thin
Plates: The Soap-Bubble: Newton's Rings:
Theory of ** Fits:”’ Its Explanation of the Kings:
gverlthrow of the Theory: Colors of Mother-uf-

carl.

WE might vary and cxtend our experi-
ments on light indefinitely, and they cer-
tainly would prove us to possess a wonder[ul
mastery over the phenomena. Dut the ves-
ture of the agent only would thus be re-
vealed, not the agent itself. The human
mind, however, is so coustituted and so edu-
cated as regards natural things, that it can
never rest satisfied with this outward view of
them. Brightness and freshness take pos-
session of the mind when it is crossed by the
light of principles, which show the facts of
Nature to be organically connected.

Let us, then, inquire what this thing is
that we have been generating, reflecting, re-
fracting, and analyzing.

In doing this, we shall learn that the life
of the experimental philosopher is twolold.
e lives, in his vocation, a life of the senscs,
using his hands, eyes, and ears in his experi-
ments, but such a question as that now be fore
us carries him beyond the margin of the
senses. Ile cannot consider, much less an-
swer, the question, ** What is light?” with-
out transporting himself to a world which
undelies.the sensible one, and out of which,
in accordance with rigid law, all optical phe-
nomena spring. To realize this subsensible
world, if I may use the term, the mivd must

ossess a certain pictorial power. It has to
visualize the invisible. It must be able to
form definite images of the things which that
subsensible world coatains ; and to say that,
if such or such a state of things exist in that
world, then the phenomena which appear in
ours must, of necessity, grow out of this
state of things. If the picture be correct,
the phenomena are accounted for ; a physical
theory has been enunciated which unites and
explains them all.

This conception of physical theory implies,
as you perceive, the exercise of the imagina-
tion. Do not be afraid of this word, which
seems to render so many respectable people; -



both in the ranks of science and out of them, ] of elastic collision.
That men in the ranks of | flection certainly occurred as if light consist-

uncomfortable.
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The fact of optical re-

science should feel thus is, I think, a proof | e¢ of elastic particles, and this was Newton's
that they have suffered themselves to be mis- [ sole justification for introducing them.

led by the popular definition of a great'

faculty instead of observing its operation in
their own minds, Without imagination we
canrot take a step beyond the bourne of the
mere animal world, perhaps not even to the
edge of this. But, in speaking thus of
tmagination, I do not mean a riotous power
which deals capriciously with facts, but a
well-ordered and disciplined power, whose
sole function is to form conceptions which
the intellect imperatively demands. Imagina-
tion thus exercised never really severs itself
from the world of fact. This is the store-
house from which all its pictures are drawn ;
and the magic of its art consists, not in
creating things anew, but in so changing the
magnitude, position, and other relations of
sensible things, as to render them fit for the
tequirements of the intellect in the subsen-
sible world.*

1 will take, as an illustration of this sub-
ject, the case of Newton. Before he began
to deal with light, he was intimately ac-
quainted with the laws of elastic collision,
which all of you have seen more or less per-
fectly illustrated on a billiard-table. As re-
gards the coilision of sens’ble masses, New-
ton knew the angle of incidence to be equal
to the angle of reflection, and he also knew
that experiment, as shown in our last lecture,
had established the same law with regard to
light. He thus found in his previous knowl-
edge the mateiial for theoretic images. He
had only to change the magnitude of concep-
tions already in his mind to arrive at the
Emission “Theory of Light. He supposed
light to consist of elastic particles of incon-
ceivable minuteness shot out with inconceiv-
able rapidity by luminous bodizs. Such par-
ticles impinging upon smooth surfaces were
reflected in accordance with the ordinary law

* The following charming extract, bearing upon
this point, was discovered and written out for me by
my friend, Dr. Bence Jones, Hon. Secretary to the
Royal lastitution -

**In every kind of magnitude there is a degree or
“sort to which our sense is proportion=d, the percep-
tion and knowledge cf which is of the greatest use to
mankind. The same is the groundwork of philoso-
phy : for, though all sorts and degrees are equally
the object of philosophical speculation, yet it is from
those which are proportioned to sense that a philoso-
pher mast s=t out in his inquiries, ascending or de-
scending afterwards, as his pursuits may require. He
does well indeed to take his views from many points
of sight, and supply the defects of sense by a well-
regulated imagination ; noris he to be confined by
any limit in space or time 3 but, as his knowledge of
Nature is founded on the observation of sensible
things, he must begin with these, and must often re-
turn to them to examine his progress by them.
Here is his secure hold; and as he sets out from
thence, so if he likewise trace not often his steps
backwards with caution, he will be 1n hazard of losing
bis way in the labyrinths of Nature.””—(Maclaurin :
An Account of Sir I. Newton's Philosophical Dis-
:znries. Written 1728 5 second edition, 175043 pp.

v 39

But this is not all. In another important
particular, also. Newton's conceptions re-
garding the nature of light were influenced
by his previous knowledge. He had been
working at the phenomena of gravitation
and had made himself at home amid the oper-
ations of this universal power. Perhaps his
mind at this time was too freshly and too
deeply imbued with these notions to permit
of his forming an unfettered judgment re-
garding the nature of light. Be that
as it may, Newton saw in refraction
the action of an attractive force exerted
on the light-particles. He carried his
conception out with the most severe con-
sistency.  Dropping vertically downwards
towards the earth’s surface, the motion of a
body is accelerated as it approaches the earth.
Dropping in the same manner downwards on
a horizontal surface, say through air on glass
or water, the velocity of the light-particles,
when they come ciose to th= surface, was,
according to Newton, also acceleraied. . Ap-
proaching such a surface obliquely, he sup-
posed the particles, when close to it, to be
drawn down upon it, as a projectile is
drawn by gravity to the surface of the earth.
‘This deflection was, according to Newton,
the refraction seen in ourlast lecture. Final-
ly, it was supposed that differences of color
might be due to differences in the sizes of the
particles. ~ This was the physical theory of
light enunciated and defended by Newton;
and you will observe that it simply consists
in the transference of conceptions born in the
world of the senses to a subsensible world.

But, though the region of physical theory
lies thus behind the world of senses, the veri-
fications of theory occur in that world. Lay-
ing the theoretic couception at the root of .
matters, we determine .by rigid deduction
what are the phenomena which must of neces-
sity grow out of thisroot, If the phenomena
thus deduced agree with those of the actual
world, it is a presumption in favor of the
theory. If asnew classes of phenomena arise
they also are found to harmonize with theo-
retic deduction, the presumption becomes still
stronger, If, finally, the theory confers pro-
phetic vision upon the investigator, enabling
him to predict the existence of phenomena
which have never yet been seen, and if those
predictions be found on trial to be rigidly cor-.
rect, the persuasion of the truth of the theory
becomes overpowering. Thus working back-
wards from a limited number of phenomena,
genius, by its own expansive force, rexches a
conception which covers all the phenomena.
There is no more wonderful performance of
the intellect than this. And we can render
no account of it. Like the scriptural gift of

‘the Spirit, no man can tell whence it cometh.

The pazsage from fact to principle is some-
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times slow, sometimes rapid, and at all times
a source of intellectual joy. When rapid, the
pleasure is concentrated and becomes a kind
of ecstasy or intoxication. To any one who
has experienced this pleasure, even in a mod-
erate degree, the action of Archimedes when
he quitted the bath, and ran naked, crying
““ Eureka!” through the streets of Syracuse,
becomes intelligible.

How, then, did it fare with the theory cf
Newton, when the deductions from it were
brought face to face with natural phenomena ?
T'o the mind’s eye, Newton’s elastic particles
present themsclves like particles of sensible
magnitude. The same reasoning applies to
both ; the same experimental checks exist for
both. Tested by experiment, then, Newton’s
theory was found competent to explain many
facts, and with transcendent ingenuity its
author sought to make itaccount for all. Ie
so far succeeded, that men so celebrated as
Laplace and Malus, who lived till 1812, and
Biot and Brewster, who lived till our own
time, were found among his disciples.

Still, even at an carly period of the existence

of the Emission Theoty, one or two great:

names werc found recording a protest against
it ; and they furnish another iilustration of
the law that, in forming theories, the scientific
imagination must draw its materials from the
world of fact and experience. It was known
long ago that :ound is conveyed in waves or
pu'sesthrough the air ; and nosooner was this
truth well housed in the mind than it was trans-
formed into a theoretic conception. It was
supposed that light, like sound, might also be
the product of wave-motion. But what, in
this case, could be the material forming the
waves? For the waves of sound we have the
air cf our atmosphere ; but the stretch of im-
agination which filled allspace with a Jumini /-
crous ether trembling with the waves of light
was so bold as to shock cautious minds. In
one of my latest conversations with Sir David
Drewster he said to me that his chief objection
to the undulatory theory of light was that he
could not think the Creator guilty of so clumsy
a contrivance as the filling of space with ether
in order to prcduce light. This, I may say,
is very dangerous ground, and the quarrel of
science with Sir David, on this point, as with
many other persons on other points, is, that
they profess to know too much about the
mind of the Creator.

This conception of an cther was advocated
and indeed applied to various phenomena of
optics by the . celebrated astronomer, Huy-
g¢h-ns. It was espoused and defended by the
c:lebrated mathematician, Euler. They were,
however, opposed by Newton, whose authority
at he time bore them down. Or shall I say
it was authority mercly? Not quite so.
Newton's preponderance was in some degree
due to the fact that, though ITuyghe:is and
Euler were right in thc main, t.cy did not
possess sufficient data to prowe themselves
right. - No human authority, however high,
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can maintain itself against the voice of Nature
speaking through experiment. But the voice
of Nature may be an uncertain voice, through
the scantiness of data. This was the case at
the period now referred to, and at such a pe-
riod by the authority of Newton all antago-
nists were naturally overborne.

Still, this great Emission Theory, which
held its ground so long, resembled one of
those circles which, according to your coun-
tryman Emerson, the force of genius periodi-
cally draws round the operations of the in-
tellect, but which are eventually broken
through by p-essure from behind. In the
year 1773 was born, at Milverton, in Somer-
setshire, one of the most remarkable men that
England ever produced. He was educated
for the profession of a phvsician, but was too
strong to betied down to professional routine.
He devoted himself to the study of natural
philosophy, and became in all its departments
a master.. lle was also a master of letters.
Languages, ancient and modern, were housed
within his brain, and, to use the words of his
epitaph, ‘‘he first penetrated the obscurity
which had veiled for ages the hieroglyphics of
Egypt.” Itfell tothe lot of this man to dis-
cover facts in optics which Newton’s theory
was incomp:tent to explain, and his mind
roamed is search of a sufficient- theory. He
had made himself acquainted with all the
phenomena of wave-moti.n; with all the
phenomena of sound ; working successfully
in this domain as an original discoverer.
Thus informed and disciplined, he was pre-
pared to detect any resemblance which might
reveal itself between the phenomena of light
and those of wave-motion. Such resem-
blances he did detect ; and, spurred on by
the discovery, he pursued his speculations and
his experiments, until he finally succecded in
placing on an immovable basis the Undulatory
Theory of Light.

The founder of this great theory was
Thomas Young, a nzme, perhaps, unfamiliar
to many of you. Permit me, by a kind of
geometrical construction which I once em-
ployed in London, to give you a notion of the
magnitude of this man. Let Newton stand
erect in his age, and Young in his. Draw a
straight line from Newton to Young, which
shall fcrm a tangent to the heads of both,
This line would siope downwards from New-

ton to Young, because Newton vras;:crtainlys

the taller man of the two. But the slope
would not be steep, for the difference of stat-
ure was not excessive. The line would form
what engineers call a gentle gradient from
Newton to Young. DPlace underneath this
line the biggest man born in the interval
between both. He would not, in my opinion,
reach the line; for if he did he would be
taller intellectually than Young, and there
was, 1 believe, none taller. But I do not
want you to rest on Englsh estimates of
Young; the German, Helmholtz, a kindred
genius, thus speaks of him: ‘‘ Ilis was one
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of the most profound minds that the world
has ever seen ; but he had the misfortune to
be too much in advance of his age. He ex-
cited the wonder of his contemporaries, who,
however, were unab'e to follow him to the
heights at which his daring intellect was
accustomed to soar. His most important
ide s lay, therefore, buried and forgotten in
fthe folios of the Royal Society, until a new
generation gradually and painfully made the
same discoveries, and proved the exactness
of his assertions and the truth of his demon-
strations.”’

It is quite true, as Helmholtz says, that
Young was in advance of his age ; but some-
thing is to be added’which illustrates the
s2sponsibility of our public writers. Fou
twenty years this man of genius was quenched
—hidden from the appreciative intellect of
his countrymen—deemed in fact a creamer,
through the vigorous audacity of a writer
who had then possession of the public ear,
and who in the Edinburgh Review poured
ridicule upon Young and his speculations.
To the celebrated Frenchmen, Fresnel and
Arago, lie was first indebted for the restitu-
tion of his rights, for they, especially Fresnel,
remade independently, as Helmholiz says,
and vastly extended Lis discoveries. To the
students cf his works Young has loug since
appeared in his true light, but these twenty
blank years pushed him from the public
mind, which became in turn filled with the
fame of Young's colleague at the Royal In
stitution, Davy, and alterwards with the
fame of Faraday. Carlyle refers to the re-
mark of Novalis, that a man's self-trust is
enormously increased the moment le finds
that others believe him, If the opposite
remark be true—if it be a fact that public
disbelief weakens a man’s force—there is no
calculating the amount of damage these
twenty years of neglect may have done to
Young’s productiveness as an investigator,
It remains to be s:ated that his assailant was

Mr. Henry Brougham, afterwards Lord
Chancellor of England.
Our hardest woik is now before us. And,

as I have often had occasion to notice that
capacity for hard work depends in a great
measure on the antecedent winding up of the
will and de:ermination, I would call upon
you to gird up your Joins for our coming
labors. If we succeed in climbing the hiil
which faces us to-night, our future efforts
will be comparatively light, i
In the carliest writings of the ancients we
find the notion that sound is conveyed by the
air.  Aristotle gives expression to this no-
tion, and the great architect Vitruvius com-
pares the waves of sound to waves of water.
But the real mechanism of wave-motion was
hidden from the ancients, and indeed was
not mad: clear until the time of Newton.
The central difficulty of the subject was, to
distinguish between the motion of the wave
itself and the motion of the particles

n

which 2t any moment constitutz the wave,

Stand upon the sea-shore and observe the
advancing rollers before they are distorted by
the friction of the bottom. Every wave has
a back and a front, and, if you clearly seize
the image of the moving wave, you will see
that every particle of water along the front
of the wave is in the act of rising, while
cvery particle along its tack is in the act of
sinking. The particles in front reach in suc-
cession the crest of the wave, and as soon as
the crest is passed they begin to fall. They
then reach the furrow or sinus of the wave,
and can sink no farther. Immediately after-
wards they become the front of the succecd-
ing wave, rise again until they reach the
crest, and then sink as before.  Thus, while
the waves pass onward horizontally, the
individual particles are simply lifted up and
down vertically. Observe a sea-fowl, or, if
you are a swimmecr, abandon yourself to the
action of the waves ; you are not carried for-
ward, but simply rocked up and down. The
propagaticn of a wave is the propagation of
a form, and not the transference of the sub-
stance which constitutes the wave.

The length of the wave is the dstance
from crest to crest, while the distance through
which the individual particles oscillate is
cailed the amplitude of the oscillation. You
will notice that in this description the parti-
cles of water are made to vibrate across the
line of propagation.*

And now we have to take a step forward,
and it is the most importan: step of all. You
can picture two seric; of waves proceeding
from differect origins through the same
water, \When, for example, you throw two
stoncs into still water, the rng-waves pro-
cceding from the two centres of disturbance
intersect each other. Now, no ma:ter how
numerous these waves may be, the law holds
good that the moiion of every particle of the
water is the aigebraic sum of a.l the motions
imparted to 1t.  If crest coincide with crest,
the wave is lifted to a double heigat; if fur-
row coincide with crest, the motions are in
opposition, and thei: sum i3 zero. We have
then still water, which we shall learn pres-
ently corresponds to what we call darkness in
reference to our present subject, This action
of wave upon wave is technically called zx-
lerference, a term to be remembéred.

Thomas Young's fundamental discovery in
optics was that the principle of Interference
applied to light. Long prior to his time, an
Italian phiiosopher, Grimaldi, had stated
that, under certain circumstances, two thin
beams of light, each of which, acting singly.
produced a luminous spot upon a white wall,
when caused to act together, partially

* I do not wish to encumber the conception here
with the details of the motion, but I may draw atten-
tion to the beautiful model of Przfessor Lymun,
wherein waves are shown 10 be produced by the cir-
cular motion «f the -particles. This.as vroved by
the brothers Weber, is the real moticz 12 izec case of
water-waves.
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quenched each other and darkened the spot.
“I'his was a statement of fundamental signifi-
cance, but it required the discoveries and the
genius of Young to give it meaning. How
he did so, I will now try to make clear to
you. You know that air is compressible ;
that by pressure it can be rendered more
dense, and that by dilatation it can be ren-
dered more rare.  Properly agitated, 4 tun-
ing-fork now sounds in a manner audible to
you all, and most of you know that the air
through which the sound is passing’ is par-
celled out into spaces in which the air is con-
densed, followed by other spaces in which
the air is rarefied. These condensations and
rarefactions constitute what we call wazes of
sound. You can imagine the air of a room
traversed by .. series of such waves, and you
can imagine a second series sent through the
same air, and so related to the first that con-
densation coincides with condensation and
varefaction with rarefaction. The conse-
quence of this coincidence would be a louder
sound than that produced by either system of
waves taken singly. But you can also ima-
gine a state of things where the condensa-
tions of the one system fall upon the rarefac-
tions of the other system. In this case th:
two systems would completely neutralize each
other.. Kach of them, taken singly, produces
sound; both of them, taken together, pro-
duce no sound. Thus, by adding sound to
sound we produce silence, as Grimaldi in his
experiment produced darkness by adding
light to light.

The analogy between sound and light here
at once flashes upon the mind. Young gen-
eralized this observation. He discovered a
multitude of similar cases, and determined
their precise conditions. On the assumption
that Jight was wave-motion, all his experi-
ments on interference were explained ; on the
assumption that light was flying particles,
nothing was explained. -In the time of Huy-
ghens and Eulera medium had been assumed
for the transmission of the waves of light ;
but Newton raised the objection that, if light

consteted of the waves of such a medium,

'shadows could not exist. The waves, he
contended, would bend round opaque bodies
and produce the motion of light behind them,
as sound turns a corner, or as waves of water
wash round.a rock. It was proved that the
bending round referred to by Newton actually
occurs, but that the inflected waves abolish
each other by their mutual interference.
Young also discerned a fundamental differ-
ence between ti:e waves of light and those of
sound. - Could you see the air through which
sound-waves are passing, you would observe
every individual particle of air oscillating to
and fro in the direction of propagation,
Could you see the ether, you would also find
every individual particle making a small ex-
cursion to and fro, but here the motion, like
that assigned to the water-particles above re-
ferred to, would be across the line of propa-
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gation. The vibrations of the air are longi-
tudinal, the vibrations of the ether are frans-
versal.

It is my desire that you should realize with
clearness the character of wave-motion, both
in ether and in air. And, with this view. I
bring befcre you an experiment wherein the
air-particles are represented by small spots of
light. They are parts of a spiral. drawn upon
a circle of blackened glass, and, when the cir-
cle rotates, the spots move in successive pulses
over the screen. - You have here clearly set
before you how the pulses travel incessantly
forward, while the particles that compose
them perform oscillations to and fro. This
is the picture of a sound-wave, in which the
vibrations are longitudmal. By another glass
wheel, we produce an image of a trans-
verse wave, and here wc observe the waves
travelling in succession over the screen, while
each individual spot of light performs an ex-
cursion to and fro across the line of propaga-
tion.

Notice what follows when the glass wheel
is turned very quickly.  Objectively consid-
ered, the transverse waves propagate them-
selves as before, but subjectively the effect is
totally changed. Becanse of the retention of
impressions upon the retina, the spots of light
simply describe a series of parallel luminous
lines upon the screen, the length of these
lines marking the amplitude of the vibration.
The impression of wave-motion has totally
disappeared.

The most familiar illustration of the inter-
ference of sound-waves is furnished by the
beats producea by two musical sounds slightly
out of unison. These two tuning-forks are
now in perfect unison, and when they are
agitated together the two sounds flow without
roughness, as if they were but one. But, by
attaching to one of the forks a two-cent piece,
we cause it to vibrate a little more slowly
than its neighbor. Suppose that one of them
performs 101 vibrations in the time required
by the other to perform 100, and supposc
that at starting the condensations and rare-
factions of both forks coincide. At the roist
vibration of the quickest fork they will again
coincide, the quicker fork at this point hav-
ing gained one whole vibration, or one whole
wave upon the other. But a little reflection
will make it clear that, at the soth vibration,
the two forks are in opposition; here the one
tends to produce a condensaticn where the
other tends to produce a rarefaction; by the
united action of the two forks, therefore, the
sound is quenched, and we have a pause of
silence. This occurs where one fork has
gained /Zalf a wave-lengt/ upon the other.
At the 1015t vibration we have again coinci
dence, and, therefore, augmented sound; at
the 150th vibration we have again a quench-
ing of the sound. Ilcre the one fork is zree
lalf~wawves in advance of the other. In gen-
eral terms, the waves conspire when the one
series is an ever number of half-wave lengths,
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and they are destroyed when the one series is
an odd number of half-wave lengths in ad-
vance of the other. With two forks so cir-
cumstanced, we obtain those intermittent
shocks of sound separated by pauses of si-
lence, to which we give the name of beats.

I ncw wish to show you what may be
called the optical expression of those beats..
Attached to a large tuning-fork, F (Fig. 2),
is a small mirror, which shares the vibrations
of the fork, and on to the mirror is thrown a
thin beam of light, which shares the vibra-
tions of the mirror. The beam reflected
from the fork is received upon a piece of
looking-glass, and thrown back upon the
screen, where it stamps itself as a small lu-
minous disk, The agitation of the fork by a
violin-bow converts that disk into a éand of
light, and if yo1 simp'y move your heads to
and fro you cause the image of the band to
sweep over the retina, drawing it out toa sin-
uous line, thus proving the periodic character
of the motion which produces it. By a sweep
of the looking-glass, we can also cover the
screen from side to side by a luminous scroll,
m n, Fig. 2, the depth of the sinuosities indi-
cating the amplitude of the vibration.

Fic. 2.

Instead of receiving the beam reflected from
the fork on a piece of looking-glass, we now
receive it upon a second mirror attached t> a
second fork, and cast by it upon the screer.
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band of light gradually shortening as the wo-
tion subsides. until, when the motion ceases,
we have our luminousdisk restored. Weight-
ing cone of the forks as we did before, with a
two-cent piece, sometimes the forks conspire,
and then you have the band of light drawn
out to its maximum length ; sometimes they
oppose each 'other, and then you have the
band of light diminished to a circle. Thus,
the beats which addressthe ear express'them-
selves optically as the alternate elongation and
shortening of the band of light. 1f I move
the mirror of this second fork, you have a
sinuous line, as before; but the sinuosities
are sometimes deep, and sometimes they al-
most disappear, as in Fig. 3, thus expressing
the alternate increase and diminution of the
sound, the intensity of which is expressed by
the depth of the sinuosities. To Lissajous wg
owe this mode of illustration.

BiG, ac

The pitck of a sound is whoil 7 Geterisined
by the rapidity of the vibration, as tle v2fern-
sity is by the amplitude. The 1ise of pitch
with the rapidity of the impulses may be illus-
trated by the syren, which consists of a per-
forated disk rotating over a cylinder into
which air is forced, and the end of which is
also perforated. When the perforations of
the disk coincide with those of the cylinder, a.
puff escapes; and, when the puffs succeed
each other with sufficient rapidity, the im-
pressions upon the auditory nerve link them-
selves together to a continuous musicai note.
The more fapid the rotation of the disk the:

Both forks now act in combination upon the
beam. The disk is drawn out, as befo:e, the

quicker is the succession of the impulses, and
the higher the pitch of the note. Indeed, by
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rceans cf the syren the number of vibrations
due to any musical no‘e, whether it be that of
an instrument, of the human voice, or of a
Bying insect, may be accurately determined.

In front of our lamp now stands a very
homely instrument, S, Fig. 4, of this charac-
ter. ‘The perforated disk is turned by a
wheel and band, and, when the two sets of
perforations coincide, a series of spots of
light, sharply defined by the lens L, ranged
on the circumference of a ¢ircle, is seen upon
the screen.. On slowly turning the disk, a
flicker is produced by the alternate stoppage
and transmission of the light. At the same
time air is urged into the syren, and you hear
a fluttering sound corresponding to the flick-
ering light. But, by augmenting the rapid-
ity of rotation, the light, though intercepted
as before, appears perfectly steady, through
the persistence of impressions upon the
retina ; and, about the time when the optical
Impression becomes continuous, the auditory
impression becomes equally so; the puffs
from the syren linking themselves then to-
gether to a continuous musical note, which
rises in pitch with the rapidity of the rota-
tion. A movement of the head causes the
image of the spots to sweep over the retina,
producing beaded lines: the same effect is
produced upon our screen by the sweep of a
looking glass which has received the thin
beams from the syren.

In the undulatory theory, what pitch is to
the ear, cclor is to the eye. Though never
seen, the lengths of the waves of light have
been determined. Their cxistence is proved
by their effects, and from their effects also
their lengths may be accurately deduced.
This may, moreover, be done in many ways,
and, when the different determinations are
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compared, the strictest harmony is found to
exist between them. The shortest waves of
the visible spectrum are those of the extreme
violet ; the longest, those of the extreme
red ; while the other colors are of intermedi-
ate pitch or wave-length. The length of a
wave of the extreme red is such that it would
require 36,918 of them placed end to end to
cover one inch, while 64,631 of the extreme
violet waves would be required to span the
came distance.

Now, the velocity of light, in round num-
bers, is 190,000 miles per second. Reducing
this to inches, and multiplying the number
thus found by 36,918, we obtain the number
of waves of the extreme red in 190,000 miles.
All-these waves enter the cye, and lit the
retina at the back of the eye in one second.
The number of shocks per second necessary
to the production of the impression of red is,
therefore, four hundred and fifty-one millions
of millions. In a similar manner, it may be
found that the number of shocks correspond-
ing to the impression of violet is seven hun-
dred and eighty-nine millions of millions.
All space is filled with matter oscillating at
such rates. From every star waves of these
dimensions move with the ve:ocity of light
like spherical shells outwards. Andin the
cther, just as in the water, the mction of
every particle is the algebraic sum cf all the
separate motions imparted to it. Still, one
motion coes not blot the other out; or, if
extinction occur at one point, it is atoned for
at some other point. Every star declares by
its light its undamaged individuality, as if it
alone had sent its thrills through space.

The principle of interference applies to the
waves of light as it does to the waves of
water and the waves of sound. And the
condi ions of interference are the same in all
three. 1f two series of light-waves of the
same length start at the same moment from
a common origin, crest coincides with crest,
sinus with sinus, and the two systems blend
together to a single system of double ampli-
tude, If both series start at the same mo-
ment, one of them being, at starting, a whole
wave-length in_ advance of the other, they
also add themselves together, and we have
an augmented luminous effect. Just asin
the case of sound, the same occurs when the
one system of waves is any evez number of
semi-undulations in advance of the other.
But if the one system be half a wave-length,
or any odd number of half wave-lengths in
advance, then the crests of the one fail upon
the sinuses of the other; the one system, in
fact, tends to /if# the particles of ether at the
precise places where the other tends to dzpress
them ; hence, through their joint action the
cther remains perfectly still ~ This stillncss
of the ether is what we call darkness, which
corresponds, as already stated, with a dead
level in the case of water.

It was said in our first lecture, with refer-
ence to the colors produced by absorption,

3
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‘that the function of natural bodies is selec-
tive, not creative ; that they extinguish cer-
tain constituents of the white solar light, and
appear in the colors of the unextinguished
light. It must atonce flash upon your minds
‘that, inasmuch as we have in interference an
agency by which light may be self-extin-
quished, we may have in it the conditions
for the production of color. DBut this would
imply that certain constituents are quenched
by interference, while others are permitted to
remain. Thisis the fact; and it is entirely
due to the difference in the lengths of the
waves of light,

The subject is most easily illustrated by the
class of phenomena which first suggested the
undulatory theory to the mind of Hooke.
These are the colors of thin filmsof all kinds,
which are known as the colors of thin plates.
In this relation” no object in the world pos-
sesses a deeper scientific interest than a com-
mon soap-bubbie. And here let me say
emerges one of the difficulties which the stu-
dent of pure scienc: cncounters in the pres-
ence of ‘‘practical” communities like thosz
of America and England ; it is not to be ex-
pected that such communities can entertain
any profound sympathy with labors which
seem so far removed from the domain of
practice as many of the labors of the man of
science are. Imagine Dr. Draper spending
his days in blowing soap-bubbles and in
studying their coldrs! Would you show him
the necessary patience, or grant him the nec-
essary support 2 And yet, be it remembered,
it was thus that Newton spe=t a large portion
of his time ; and that on such cxperiments
has- been founded a theory, th: issues of
which are incalculable. I sce no other way
for you laymen than to trust the scientific man
with the choice of his inquiries ; he stands
before the tribunal of his peers, and by their
verdict on liis labors you ought to abide.

Whence, then, are derived the colors of the
soap-bubble? Imagine abeam of white I'ght
impinging on the bubble. When it reaches
the first surface of the film, a known fraction
of the light is reflected back. Buta large
portion of the beam enters the film, reaches
its second surface, and is again in part re-
flected. The waves from the second surface
thus turn back and hotly pursue the waves
from the first surface. And, if the thickness
of the film be such as to cause the necessary
retardation, the two systems of waves inter-
tere with each other, producing augmented
or diminished light, as the case may be. But,
inasmuch as the wavesof light are of different
lengths, it is plain that, to produce self-ex-
tinction in the case of the longer waves, a
greater thickness of film is necessary than in
the case of the shorter ones. Differeut colors,
therefore, appear at different thicknesses of
the film.

Take with you a little bottle of spirit of
turpentine, and pour it into one of the ponds
in the Central Park. You will then see the
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flashing of those colors over the surface of
the waier. On a small scale we produce them
thus: A common tea-tray is filled with water,
beneath the surface of which dips the end of
a pipette. A beam of light falls upon the
water, and is reflected by it to the screen.
Spirit of turpentine is poured into the pipette;
it descends, issues from the end in minute
drops, which 1ise in : uccession to the surface.
On reaching it, each drop spreads suddenly
out as a film, and glowing colors immediately
flash forth upon the screen. The colors
change as the thickness of the film changes
by evaporation. They are also arranged in
zones in consequence of the gradual diminu-
tion of thickness from the centre outwards.

Any film whatever will producethese colors.
The film of air between two plates of window-
glass, squeezed together, exhihitsrich fringes
of color. Nor is even air necessary ; the
mere rupture of optical continuity suffices.
Smite withan axe the black, transparent ice—
black, because it is transparent and of great
depth—under the moraine of a glacier ; you
readily produce in the interior flaws which no
air can reach, and from these flaws the colors
of thin plates sometimes break like fire. The
colors are commonly seen in-flawed crystals ;
they are also formed by the film of oxide
which collects upon molten lead. It is the
colors of thin plates that guide the tempering
of stecl. DBut the origin of most historic in-
terest is, as-already stated, the soap-bubble.
With one of those mixtures employed by the
cminent blind philosopher Plateau in his re-
searches on the cohesion figures of thin films,
we obtain in still aira bebble twclve or fifteen
inches in diameter. . You-may look at the
bubble itself, or you may look at its projec-
tion upon the screen, rich colors arranged in
zones are, ia both cases, cxhibited. KRender-
ing the beam parallel, and permitting it to
impinge upon the sides, bottom, and top of
the bubble, gorgeous fansof color overspread
the screen, which rotate as the beam is carried
round the circumference of the bubble. By
this experiment the internal motions of the
film are also strikingly displayed.

Newton sought to measure the thickness of
the bubble corresponding to each of these
colors ; in fact, he sought to determine gen-
crally the relation of color to thickness. His
first care was to obtain a film of variable and
calculable depth. On a plano-convex glass
lens of very feeble curvature he laid a plate of
glass with a plane surface, thus obtaining a
nilm of air of graduallyincreasing depth from
the point of contact outwards. On lookingat
the film in monochrcmatic light he saw suie
rounding the place of contact a series of bright
rings separated from each other by dark ones,
and becoming more closely packed together as
the distance from the point of conta t aug-
mented. When he employed 7ed light, his
rings had certain diameters; when he em-
ployed &lue light, the diameters were less.
Causing his glasses to pass through the speg
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trum from red to blue, the rings contracted ;
wheu the passage was from blue to red, the
rings expanded. 'When w/:z light fell upon
the glasses, inasmuch ‘as the colors were not
superposed, a series of i7is-colored circles were
obtained. They became paleras the film be-
came thicker, until finally the colors became
so intimately reblended as to produce white
light. A magnified image of Newtorn's rings
is now before you, and, by employing in suc-
cession red, blue, and white light, we obtain
all the effects observed by Newton.

He compared the tints thus obtained v ith
the tints of the scas-bubble, and he calcu-
lated the corresponding thickness. IHow he
did this may be thus made plain to you:
Suppose the water of the ocean to be abso-
lutely smooth ; it would then accurately repre-
sent the eartl’s curved surface. Let a per-
fectly horizontal plane touch the surface at
any point, Knowing the earth’s diameter,
any engineer or mathematician in this room
could tell you how far the sea’s surface will
lie below this plane, at the distanceof a yard,
ten yards, a hundred yards, or a thousand
yards from the point of contact of the plane
and the sea. It is common, indeed, in lev-
elling operations, to ailow for the curvature
of the earth. Newton's calculation was pre-
cisely similar, Iis planc glass was a tan-
gent to his curved cne.  From its refractive
index and focal distance he determined the
diameter of the sphere of which his curved
glass formed a segment, he measured the
distances of his rings from the place of con-
tact, and he calculated the depth between the
tangent plane and the curved surface, exactly
as the engineer would calculate the distance
between his tangent plane and the surface of
the sea. The wonder is, that, where such
infinitesimal distances are involved, Newton,
withk the means at his disposal, could have
worked with such marvellous exactitude.

To account for these rings was the great-
est difficulty that Newton ever encoun-
tered. He quite appreciated the difficulty.
Over his eagle-eye there was no film—no
vagueness in his conceptions. At the very
outset his theory was confronted by the ques-
tion, Why, when a beam of light is incident
on a transparent body, are some of the light-
particles reflected and some transmitted ? Is
it that there are two kinds of particles, the
one specially fitted for transmission and the
other for reflection? This cannot be the
reason ; for, if we allow a beam of light
which has been reflected from one piece of
glass to fall upon another, it, as a general
rule, is also divided into a reflected and a
transmitted portion. Thus the particles once
reflected are not always rcflected, nor are the
particl:s once transmitted always transmitted.
Newton saw all this ; he knew he had to ex
piain why it is that the self-same particle is
at one moment reflected and at the next mo-
ment transmitted. It could only be through
sme change in the condition of the perticle

itself. The self-same particle, he aﬂirmed,‘
was affected by ‘‘ fits ” of easy transmission
and reflection.

If you are willing to follow me while I un-
ravel this theory of fits, the most subtle, per-
haps, that ever entered the human mind, the
intellectual discipline will repay you for the
necessary effort of attention. Newton was
chary of stating what he considered to be the
cause of the fits, but there cannot be a doubt
that his mind rested on a mechanical cause,
Nor can there be a doubt that, as in all
attempts at theorizing, he was compelled to
fall back upon experience for the materials of
his theory. His course of observation ang
of thought may have been this: Irom a
magnet he might obtain the notion of at-
tracted and repelled poles. What more
natural than that he should endow his light-
particles with such poles? Turning their
attracted poles towards a transparent sub-
stance, the particles would be sucked in and
transmitted ; turning their repclled poles,
they would be driven away or reflected.
Thus, by the ascription of poles, the irans-
mission and reflection of the self-same parti-
cle at different times might be accounted for.

Regard these rings of Newton as seen in
pure red light: they arc alternately bright
and dark. The film of air corresponding to
the outermost of them is not thicker than an
ordinary soap-bubble, and it becomes thinner
on approaching the centre ; still Newton, as
I have said, measured the thickness corre-
sponding to every ring and ~howed the differ-
ence of thickness between ring and ring.
Now, mark the result. For the sake of con-
venience, let us call the thickness of the film
of air corresponding to the first dark ring 4,
then Newton found the distance correspond:
ing to the second dark ring’ 2 7, the thick:
ness corresponding to the third dark ring 3 &
the thickness correspording to the tenth dark
ring 10 4, and so on. Surely there must be
some hidden meaning in this little distanced,
which turns up so constantly? One can im-
agine the intense interest with which Newton
pondered its meaning. Observe the probably
outcome of his thought. IIe had endowed
his light-particles with poles, but now he is
forced to introduce the notion of periodic io-
currnce. How was this to be done? Dy
supposing the light-particles animated, not
only with a motion of translation, but
also with a motion of rotation. Newton's
astronomical knowledge would render all such
conceptions familiar to him. The earth has
such a motion. In the time occupied in pass-
ing over a million and a half of miles of its
orbit—that is in twenty four hours—our
planet performs a complete rotation, and, in
the time required to pass over the distance 4,
Newton’s light-particle must be supposed to
perform a complete rotation. True, the
light-particle is smaller than the planet and
the distance &, instead of being a million and
a half of miles, is a little over the nixety-



SIX LECTURES ON LIGHT.'

thousandth of an inch. But the two con-
ceptions are, in point of intellectual quality,
identical.

Imagine, then, a particle entering the film
of air where it possesses this precise thick-
ness. To enter the film, its attracted end
must be presented. Within the film it is able
to turn once completely round ; at the other
side of the film its attracted pole will be again
presented ; it will, therefore, enter the glass
at the opposite side of the film and be lost to
tke eve.  All round the place of contact,
wherever the film possesses this precise thick-
ness, the light will equally disappear—we
shall have a ring of darkness.

And now observe how well this conception
falls in with the law of proportionality dis-
covered by Newton. When the thickness of
tke film is 2 J, the particle has time to per-
form two complete somersaults within the
film ; when the thickness is 3 d, ke com-
plete somersaults ; when 10 &, %z complete
somersaults are performed. It is manifest
that in each of these cases, on arriving at the
second surface of the film, the attracted pole
of the particle will be presented. It will,
therefore, be transmitted, and, because no
light is sent to the eye, we shall have a ring
of darkness at each of these places.

The bright rings follow immedia‘ely from
the same conception. They occur between
the dark rings, the thicknesses to which they
correspond being also intermediatc between
those of the dark ones. Takethe case of the
first bright ring. The thickness of the film
is 35 d; in this interval the rotating particle
can perform only half a rotation. When,
therefore, it reaches t:e second surface of the
film, its repelled pole is presented; it is,
therefore, driven back and reaches the eye.
At all distances round the cen‘re correspond-
i~g to this thickness the same effect is pro-
duced, and the consequence is a ring of
brightness. The other bright rings are sim-
ilarly accounted for. At the second one,
where the thickness is 114 4, a rotation and
a half is performed ; at the third, two rota-
tions and a half ; and at each of these places
the particles present their repelied poles to
the lower surface of the film. ‘They are there-
fore sent back to the eye, producing the im-
pression of brightness. Iere, then, we hay»
unravellel the most subtle application that
Newton ever made of the Emission Theory.

It has been stated in the early part of this
lecture, that the Emission Theo-y assigned a
greater velocity to light in glass and water,
than in air or stellar space. Ilere it was at
direct issue with the theory of undulation,
which makes the velocity in air or stellar
space /ess than in glass or water. Dy an ex-
periment proposed by Arago, and executed
with comsummate skill by Foucault and
Fizeau, this question was b-ought to a crucial
test, and decided in favor of thc theory of
undulation. In the present instance also the
two theories are at variance. Newton as-
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sumed that the action which produces the al.
ternate bright and dark rings took place at a
single surface ; that is, the second surface of
the film. The undulatory theory affirms
that the rings are caused by the interference
of waves reflected from dotk surfaces. This
also has been demonstrated by experiment.
By proper devices we may abolish reflection
from one of the surfaces of the film, and
when this is done the rings vanish altogether,

Rings of feebleintensity are also formed by
transmitted light. These are referred by the
undulatcry theory to the interference of
waves which have passed @irectly through the
film, with others wuich have suffered #zv0 7%-
Jlections within the film. They are thus com-
pletely accounted for.

Newton, by the foregoing exceedingly
subtle assumption, vaulted over the difficulty
preserted by the colors of thin plates. And,
as further difficulties in process of time thick-
ened round the theory, his disciples tried to
sustain it with an ingenuity worthy of their
master. The new difficulties were not an-
ticipated by the theory, but were met by new
assumptions, until at length the Emission
Theory became what a distinguished writer
calls a ‘“ mob of hypotheses.” In the pres-
ence of the phenomena of interference, the
theory finally broke down, while the whole of
these phenomena lie, as it were, latent in the
theory of undulation. Newton's  fits,” for
example, arc immediately translatable intc
the lengths of the ether-waves. We have
the observed periodic recurrence as the thick-
ness varies so as to produce a retardation of
an odd or even number of semi-undulations.¥

Numerous other colors are due to interfer-
ence. Fine scratches drawn upon glass or
polished metal reflect the waves of light from
their sides; and some, being reflected from
opposite sides of the same furrow, interfera
with and quench each other. But the ob-
liquity of reflection which extinguishes the
shorter waves does not extinguish the longer
ones, hence the phenomena of color. These
are called the colors of striated surfaces.
They are well illustrated by mother-of-pearl.
This shell is composed of exceedingly thin
layers, which, when cut across by the polish-
ing of the shell, exposc their edges and fur-
nish the necessary small and regular grooves.
The most conclusive proof that the colors ars«
due to the mechanical state of tze surfacei:.
to be found in the fact, established by Brew
ster, that, by stamping the shell carefully

#In the explanation of Newton's rings, something
besides thickness is to be taken into account. In the
case of the first surface of the film of air, the waves
pass from a denser to a rerer medium, while in the
case of the second surface, the waves pass from a
rarer to a denser medium. This difference at the
two reflecting surfaces can be proved to be equivalent
1o the addition of half a wave-length to the thick-
ness of the film.  Tothe absolute thickness, as de-
termined by Newton, half a wave-length is in each
case tobe added. When this is done, the dark and
bright rings follow each other in exact accordance
with the law of interference already enunciated,
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upon ' black sealing-wax, we transfer the
grcoves, and produce upon the wax the colors
of mother.of-pearl.

LECTURE III.

Relation of Theories to Experience: Origin_of the
Notion of the Attraction of Gravitation: Notion
of ZPolarity, how generated: Atomic Polarity:
Structural Arrangements due to Polarity : Archi-
tecture of Crystals considered as anIntroduction to
their Action upon Light: Notion of Atomic Po-
larity applied to Crystalline Structure: Experi-
mental lllustrations:  Crystallization of Water:
Expansion by Heat and by Cold: Dsportment of
Water considered and explained: Molecular Ac-
tion illustrated by a Model: Force of Solidifica-
tion: Bearings of Crystallization®on Optical Phe-
nomena: Refraction: Double Refraction: Po-
larization: Action of Tourmaline: Character of
the Beams emergent from Iceland Spar:  Polariza-
tion by ordinary Refraction and Reflection: De-
polarization,

IN our last lecture we sought to familiarize
our minds with the characteristics of wave-
motion. We drew a clear distinction between
the motio 1 of the wave itself and the motion
of its constituent particles. Passing through
water-waves and air-waves, we prepared our
mi .ds for the conception of light-waves prop-
agated through the luminiferous ether. The
analogy of sound will fix the whole mechan-
ism in your minds. Here we have a vibrat-
ing body which originates the wave motion,
we have, in the air, a vehicle which conveys
it, and we have the auditory nerve which re-
ceives the impressions of the sonorous waves.
In the case of light we have in the vibrating
atoms of the luminous body the originators of
the wave-motion, we. have in the ether its
vehicle, while the optic nerve receives the im-
pression of the luminiferous waves. We
learned, also, that color is the analogue of
pitch, that the rapidity of atomic vibration
augmented, and the length of the cther-waves
decreased, in passing from the red to the blue
end of the spectrum. The fruitful principle
of interference we also found applicable to
the phenomenaof light ; and we learned that,
in consequence of the different lengths of the
ether-waves, they were extinguished by dif-
ferent thicknesses of a transparent film, the
particular thickness which quenched one color
glowing, therefore, with the complementary
one. ‘Thus the colors of thin plates were ac-
counted for.

But one of the objects of our last lecture,
and that not the least important, was to illus-
trate the manner in which scientific theories
are formed. They, in the first place, take
their rise in the desire of the mind to pene-
trate to the sources of phenomena. This de-
sire kas leng been a part of human nature.
It prompted Caesar to say that he would ex-
change his victories for a rlimpse of the
sources of the Nile; it may be seen working
in Lucretius ; it impels Darwin 'to those dar-
ing speculations which of late years have so
agitated the public mind. We have learned
thet in framing theories the imagination does
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not create, but that it expands, diminishes,
moulds, and refines, as the case may be,
mater als derived from the world of fact and
observation.

This is more evidently the case in a theory
like that of light, where'the motions of a sub-
sensible medium, the ether, are presented to
the mind. But no theory escapes the condi-
tion, Newton took care not to encumber
gravitation with unnecessary physical concep-
tions ; but we have reason to know that he
indulged in them, though he did not connect
them with his theory. But even the theory
as it stands did not enter the mind av a reve-
lation dissevered from the world of experi-
ence. The germ of the conception that the
sun and planets are held together by a force
of attraction is to be found in the fact thata
magnet had been previously seen to attract
iron. The notion of matter attracting matter
came thus from without, not from within. In
our present lecture the magnetic force must
serve us : till further ; but here we must master
its elementary phenomena.

The general facts of magnetism are most
simply illustrated by a magnetized bar of
steel, commonly calied a bar magnet. Placing
such a magret up-ight upon a table, and
bringing a magne.  ieedle near its bottom,
one end of the ne"a»e promptly retreats from
the magnet, v’ . the other as promptly
approaches. needle is held quivering
there by some ..visible influence exerted
upon it. Raising the needle »long the mag-
net, but still avoiding contact the rapidity
of its oscillations decreases, because the force
acting upon it becomes weaker. At the
centre the oscillations cease. Above the
centre, the end of the needle which had been
previously drawn towards the magnet re-
treats, and the opposite end approaches. As
we ascend higher, the oscillations become
mcre violent, because the force becomes
stronger. At the upper end of the magnet,

N SIul

FiG. s,

as at the lower, the force reaches a maximum,
:but all the lower half of the magnet, from
L to S (Fig. s5), attracts one end of the
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needle, while all the upper hailf, from E to
N, attracts the opposite end. This double-
ness of the magnetic force is called polarity,
and the points near the ends of the magnet in
which the forces seem concentrated are cailed
its /501&’.?.

What, then, will occur if we break this
magnet in two at the cent:e E? Will each
of the separate halves act as it did when it
formed part of the whole magnet? No
each half is 'in itself a perfect magnet, pos
sessing two poles. This may be proved by
breaking something of less value than the
magnet—the steel of a lady’s stays, for ex-
example, hardened and magnetized. . It acts
like the magnet. When broken, each half
acts like the whole ; and when these parts
are again broken, we have still the perfect
magnet, possessing, as in the first instance,
two poles. Push your bréaking to its utmost

limit ; you will be driven to prolong your
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rection of the needle, and no other. A needle
of iron will answer as well as the magnetic
needle ; for the need.e of iron is magnetized
by the magnet, and acts exactly like a needle
independently magnetized.

1f we place two or more needles of iron
near the magnet, the action becomes more,
complex, for the the iron needles are not only;
acted on by the magnet, but they act upon
each other. And if we pass to smaller masses
of iron—to iron filings, for example—we find
that they act substantially as the needles, ar-
ranging themselves in delinite forms, in obe-
dience to the magnetic action.

Placing a sheet of paper or glass over this
bar magnet and showering iron flings upon
the paper, I notice a tendency of the filings
to arrange themselves in determinate lincs.
They cannot freely follow this tendency, for
they are hampered by the fricticn against the
paper, They are helped by tapping the

F1c. 6.

Ylane mirror, reflecting the beam upwards,
ns which forms an image of the magnets and ﬁlmgs sand R isa total-

ly-reflecting prism which casts the i image, G, upon the screea.

N is the pozzle of thelamp; M a
ron filings are placed; L.is a

vision beyond that limit, and to contemplate
this thing that we call magnetic polarity as
resident ¢n the ultimate particles of the mag-
net. FEach atom is endowed with this polar
force.

Like all other forces, this force of magnet-
ism is amenable to mechanical laws; and
knowing the direction and magnitude of the
force, we can predict its action. Placing a
small magnetic needle near a bar magnet, it
takes up a determinate position. That posi-
tion might be deduced theoretically from the
mutual action of the poles. Moving the
needle round the magnet, for each point of
the surrounding space there is a definite di-

At P, the magnets and

paper: each tap releases them for a moment;
and enables them to follow their bias. Bu'
this is an experiment which can only be seen
by myself. To enable you to see it, I take a
pair of small magnets and by a simple optical,
arrangement throw the images of the mag-
nets upon thescreen. Scattering iron filings
over the glass plate to which the small magnets
are attached, and tapping the plate, you see
the arrangement of the jron fitings in those
magnetic curves which have been so long
familiar to scientific men.*

#Very beautiful specimens of these curves have

besen recently obtained, and /fixed, by Prof, Mayer,
of Hoboken.
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The aspect of these curves s6 fascinated | of a polar force, and the ability of that force
Faraday that the greater portion of his intel- | to produce structural arrangement, your in-

lectual life was devotcd to pondering over
them. 1le invested the space through which
they run with a kind of materiality ; and the
prebability is, that the progress of science by
connecting the phenomena of magnetism
with the luminiferous ether, will prove these
“*lines of force,” as Faraday loved to call
the magnetic curves, to represent a condition
of this mysterious substratum of all radiant
action.

But it is not with the magnetic curves, as
such, that I now wish to occupy your atten-
tion ; it is their relationship to theoretic con-
ceptions that we have now to consider. By

‘the action of the bar magnet upon the needle

we obtain the notion of a polar force ; by the
breaking of the strip of magnetized steel, we
attain the notion that polarity can attach
itself to the ultimate particles of matter. -The
experiment with the iron filings introduces a
new idea into the mind ; the idea, namely, of
structural arrangement. Every pair of filings
possesses four poles, two of which are attrac-
tive and two repulsive. The attractive poles
approach, the repulsive poles retreat; the
consequence being a certain definite arrange-
ment of the particles with reference tq cach
other.

Now, this idea of structure, as produced
by pelar force, opens a way for the intellect
intoan entirely new region, and thereason you
are asked to accompany me into this region
is, that our next inquiry relates to the action
of crystals upon light. Before I speak orf
this action, I wish you to realize the process
of crystalline architecture. Look then into a
granite quarry, and spend a few minutes in
examining the rock. Itis not of perfectly
uniform texture. It is rather an agglomera-
tion of pieces, which, on examination, pre-
sent curiously-defined forms. You have there
what mineralogists call quartz, you have
felspar, you have mica. In a mineralogical
cabinet, where these substances are preserve.!
separately, you will obtain some notion of
their forms. You will see there, also, speci-
riens of beryl, topaz, emerald, tourmaline,
heavy spar, fluor-spar, Iceland spar—possibly
a full-formed diamond, as it quitted the hand
of Nature, not yet having got into the hands
of the lapidary. These crystals, you will ob-
serve, are put together according to law ;

they arc not chance productions; and, if/

you care to examine them more minutely,
you will find their architecture capable of
being to some cxtent revealed. They split
in certain directions before a knife-edge, ex-
p-sing stiooth and shining surfaces, which
are called planes of cleavage ; and by follow-
ing these planes you sometimes reach an in
ternal form, disguised bencath the external
form of the crystal. Ponder these beautiful
edifices of a hidden builder. You cannot
help asking yourself how they were built ;
and familiar as you now are with the notion

evitable answer will be, that those crystals
are built by the play of polar forces with
which their ultimate molecules are endowed.
In virtue of these forees, atom lays itself to,
atom in a perfectly definite way, the final
visible form of the crystal depending upon
this play of its molecules.

Everywhere in Nature we observe this
tendency to run into definite forms, and
nothing is easier than to give scope to this
tendency by artificial arrangements. Dis-
solve nitre in water, and allow the water
slowly to evaporate; the nitre remains, and
the solution soon becomes so concentrated
that the liquid form can no longer be pre-
served. The nitre-molecules approach each
other, and come’ at length within the range
of their polar forces. They arrange them-
selves in obedience to these forces, a minute
crystal of nitre being at first produced. On
this crystal the molecules continue to deposit
themselves from the surrounding liquid. The
crystal grows, and finally we have large
prisms of nitre, each of a perfectly definite
shape. Alum crystallizes with the utmost
ease in this fash.on. The resultant crystal
is, however, different in shape from that o«
nitre, because the poles of the molecules are
differently disposed; and, if they be only
nursed with proper care, crystals of these
substances may be caused to grow to a great
size.

The condition of perfect crystallization is,
that th: crystallizing force shall act with de-
liberation, There should be no hurry in its
operation; but cvery molecule ought to be
permitted, without disturbance from its neigh-
bors, to exercise its own molecular rights, If
the crystallization be too sudden, the regu-
larity disappears.  Water may be saturated
with sulphate of soda, dissolved when the
water is hot, and afterward permitted to cool.
When cold, the solution, is supersaturated ;
that is to say, more solid matter is contained
in it than corresponds to its temperature.
Still the molecules:show no sigus of building
themselves togcther. This is a very rematk-
able, though a very common fact. The
molecules in the centre of the liquid are so
hampered by the action of their neighbors
that freedom to foliow their own tendencies
is denied tothem. Fix your mind's eye upon
a molecule within the mass. It wishes to
unite with its neighbor to the right but it
wishes equally to unite with its neighbor to
the left; the one tendency neutralizes the
other, and it unites with neither. We have
here, in fact, trznslated into molecular action
the well-known suspension of animal volition
produced by two equally inviting bundles of
hay. But, if a crystal of sulphate of soda be
dropped into the solution, the molecular in-
decision ceases. On the crystal the adjacent
molecules will immediately precipitate them-
selves; on these again others will be precipi-
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tatzd, and this act of precipitation will con-
tinue from the top of the flask to the bottom,
until the solution has, as far as possible, as-
sumed the solid form. The crystals here
formed are small, and confusedly arranged.
The process has been too hasty to a imit of
the pure and crderly action of the crystalliz-
ing force. It typihies the state of a nation in
which patural and healthy change is resisted,
until society becomes, as it were, supersatu-
rated with the desire for change, the change
being effected through confusion and revolu-
tion, which a wise forcsight might have
avoided.

Let me illustrate the action of crystallizing
force by two examples of it : Nitre might be
employed, buc another well-known substance
enables me to make the experlment in a bet-
ter form. The substance is common sal-
ammoniac, or chloride of ammonium, dis-
solved in water. Cleansing perfectly a glass
plate, the solution of the chloride is poured
over the glass, to which, when the plate is set
on edge, a thin film of the liquid adheres.
Warming the glass slightly, cvaporation is
promoted ; the plate is then placed in a solar
microscope, and animageof the film is thrown
upon a white screen. ‘The warmth of the il-
luminating beam adds itself to that alieady
impa-ted to the glass plate, so that after a
moment or two the film can no longer existin
the liquid condition. Molecule then closes
with molecule, and you have a most impres-
sive display of crystallizing energy overspread-
ing the whole screen. Ycu may produce
something similar if you breathe upon the
frost ferns which overspread your window-
panes in winter, and then observe through a
lens the subsequent recongelation of the film.

Here the crystalliziag force is hampered by
the adhesion of the film to the glass; never-
theless, the play of power is strikingly beau-
tiful. Sometimes the crystals start from the
edge of the film and run throngi it from that
edge, for, the crystallization being once
started, the molecules throw. themselves by
preference on the crystals already formed.
Sometimes the crystals start from definite
nucier in the centre of the film; everysmall
crystallinz particle which rests in the film fur-
nishes a starting-point. Throughout the pro-
cess you notice one feature which is perfectly
unalterable, and that is, angular magnitude.
The spicule branch from the trunk, and from
these branches others shoot ; but the angles
enclosed by the spiculee are unalterable. In
like manner you may find alum-crystals,
quartz-crystals, and all other crystals, dis-
torted in shape. “They are thus far at the
mercy of the accidents of crystallizaiion ; but
in one particular they assert their superiority
over all such accidents—angular magnitude
is always rigidly preserved.

My second example of the action of crys-
tallizing force is this: !y sending a voliaic |

2%

metal, we liberate this metal by the electro-
lysis. This small cell contains a solution of
acetate of I=ad, and this substance is chosen
because lead lends itself freely to this crys-
tallizing power. Into the cell dip two very
thin platicum wires, and these are connected
by other wires with a small voltaic battery.
On sending the voltaic current through the:
solution, the 1 ad will be sl_wly sevcred from
the atoms with which it is now combined; it
will be liberated upon one of the wires, and
at the moment of its Iiberation it will obey
the polar forces c¢f its atoms, and produce
crystalline forms of exquisite beauty They
are now before you, sprouting like ferns
from the wire, appearing indeed like vegeta-
ble growths rendered so rapid as to be plain-
ly visible to the naked eye. Onreversing the
cutrent, these wonderful lead-fror.ds will dis-
solve, \vhile from the other wire filaments of
lead dart through the liquid. In a moment*
or two the growth of the lead-trees recom-
mences, but they now cover the other wire.
In the process of crystallization, Nature first
reveals herself as a builder, Where do her
operations stop? Does she continue, by the
play of the same forces, to form the vegeta-
ble, and afterwards the animal? Whatever
the answer to these questions may be, trust
me that the notions of the coming genera-
tions regarding this mysterious thing, which
some have called ‘‘brute matter,” wiil be
very different from those of the generations
past.

There is hardly a more beautiful and in-
structive example of this play of molecular
force tiran that furnished by the case of water.
You have seen the exquisite fern-like forms
produced by the crystallization of a film of
water on a cold window pane. You have
also probably noticed the beautiful rosettes
tied together by the crystallizing force during
the descent of a snow-shower on a very calm
day. The slopes and summits of the Alps
are loaded in winter with these blossoms of
the frost. They vary infinitely in detail of
beauty, but the same angular magnitude is
preserved throughout. An inflexible power
binds spears and splcul:c to the angle of 60
degrees. The common ice of our lakes s
also ruled # its deposition by the same angle.
You may sometimes see in freezing water
small crystals of stellar shapes, each star con-
sisting of six rays, with this angle of 60° be-
tween every two of them. ‘this structure
may be revealed in ordinary ice. In a sua-
beam, or, failing that, in our electric beam,
we have an instrument delicate enough to
unlock the frozen molecules without disturb-
ing the oider of their architecture.  Cutting'
from clear, sound, regularly-frozen ice a sl«b
parallel to the planes of freezing, and send-
ing a sunbeam through such a slab, it lique-
fies internally at special points, round each
point a six-petalled liquid flower of exqnuisite

current through a liquid, you know that we | beauty being formed. Crowds of such ﬂow,
decompose the liquid, and if it contains a'ers are thus produced
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A moment’s further devotion to the crys-
tallization of water will be well repaid ; for
the sum of qualities which renders this sub-
stance fitted te play its part in Nature may
well excite wonder and stimulate thought.
Like almost all other substances, water is ex-
panded by heat and contracted by cold. Let
this expansion and contraction be first illus-
trated :

A small fla kis filled with cofored water,
and stopped with a cork. Through the coik
passes a glass tube water-tight, the liquid
standing at a certain height (#%, Fig. 7) in the
tube. The flask and its tube resemble the
bulb and stem of a thermometer. Applying
the heat of a spirit-lamp, t2e water rises in
the tube, and finally trickles over the top (#).
Expansion by heat is thus illustrated.

i
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the definite temperature of 39” Fahr, Crys-
tallization has virtually here commenced, the
molecules preparing themselves for the subse-
quent act of solidification which occurs at

132°, and in which the expansion suddenly

culminates. In virtue of this expansion,
ice, as you know, is lighter than water in the
proportion of 8 to g.*

It is my desire, in these lectures, to lead
you as closely as rossible to tne limits
hitherto attained by scientific thougkt, and,
in pursuance cf this desire, I have now to
invite your attention to a molecular problem
of great interest, but of great complexity. I
wish you to obtain suct an insight of the
molecular world as shall give the intellect
satisfaction when reflecting on the deport-
nient of water before and during the act of

Projection of experiment : E is the nozzle of the lamp, L a converging lens, and 7 7 the image of the liquid

column.

Removing the lamp and piling a freezing
mixture in the vessel (B) round the flask, the
liguid column falls, thus:showing the con-
traction of the water by the cold. But let
the freezing mixture continue to act: the
falling of the column continues to a certain
point ; it then ceases. The top of tne col-
umn remains stationary for some seconds,
and afterwards begins to rise. The contrac-
tion has ceased, and expansion by cold sets in.
Let the expansion continue till the liquid
trickles a second time over the top of the
tube. The freezing mixture has here pro-
duced to all appearance the same effect as the
flame. In the case of water, contraction by
cold ceases and expansion by cold sets in at

crystallization.  Consider, then, the ideal
case of a number of magnets deprived of

. #1n a little volume entitled ** Forms of Water,”
1 have mentioned that cold iron floats upon molten
iron. In company with my friend Sir Wiliiam Arm-
strong, I had repeated opportunities of witnessing
this fact in his works at Elswick, in 1863, Faraday,
I remember, spoke to me subsequently of the com-
pleteness of iron castings as probably due to the
swelling of the metal on solidification. ~ Beyond this,
I have given the subject no special attention, and I
know that many intelligent iron-founders doubt the
fact of exparsion. It is quite possible that the solid
floats because it is not evetfed by the molten iron, its
volume being virtually augmented by capillary re-
pulsion. Certain flies walk freely upon water in vir-
tue of an action of this kind. With bismuth, how-
ever, it is easy to burst iron bottles by the force of
solidification.
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weight, but retaining their polar forces. If
we had a liquid of the specific gravity of
steel, we might, by making the magnets
float in it, realize this state of things, for in
such a liquid the magnets would neither sink
nor swim. Now, the principle of gravitation
is.that every particle of matter attracts every
other particle with a force varying as the in-
inverse square of the distance. In virtue of
the atiraction of gravity, then, the magnets,
if perfectly free to move, would slowly ap-
proach each other.

But besides the unpolar force of gravity,
which belongs to matter in general, the mag-
nets are endowed with the polar force of
magnetism. For a time, however, the polar
forces do not sensibly come into play. In
this condition the magnets resemble our water
molecules at the temperature say of 50°.

But the magnets come at length sufiici~3ily
near each other to enable their poles to wuter-
act. From this point the action ceasex to be
a general attraction of the masses. An atl-
traction of special points of the masses and a
repulsion of other points now come into play;
and it is easy to see that the rearrangement
of the magnets consequent upon the intro-
duction of these new forces may be such as
to require a greater amount of room. This,
I take it, is the case with our water-mole-
cules. Like the magnets, they approach each
other as wkoles, until the temperature 39° is
reached. Previous to this temperature,
doubtless, the polar forces had begun to act,
and at this temperature their action exactly
balances the contraction due to cold. At
lower temperatures the polar forces predomi-
nate. But they carry on a gradual struggle
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with the force of contraction until the freezing
temperature is attained. Here the polar
forces suddenly and finally gain the victory.
The molecules close up and form solid crys-
tals, a considerable augmentation of volume
being the immediate consequence.

We can still further satisfy the intellect by
showing that these conceptions can be real-
ized by a model. The molecule of water is
composed of two atoms of hydrogen, united
to one of oxygen. We may assume the mole-
cule built up of these atoms to be pyramidal.
Suppose the triangles in Fig. 8 to be drawn
touching the sides of the molecule, and the
disposition of the polar forces to bethat i=di-
cated by the letters ; the points marked A
being attractive, and those marked R repei-
lent. In virtue of the general attraction of
the molecules, let them be drawn towards the

positions marked by the fu// lines, and then
suppose the polar attractions and repulsions
toact. A will turn towards A/, and R will
retreat from R’. The molecules will be caused
to rotate, their final positions being that shown
by the doited lines. But the circle surround

ing the latter is larger than that surrounding
the full lines, which shows that the molecules
in their new positions require more room. In
this \.ay we obtain an image of the molecular
mechai ism active in the case of water. The
demand for more room is made with an energy
sufficient to overcomeall ordinary resistances.
Your lead pipes yield readily to this power; but
iron does the same, and bomb-shells, as you
know, can be burst by the freezing of water.
Thick iron bottles filled with water and placed
in a freezing mixture are shivered into frag-
ments by the resistless vigor of molecular force.
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We have now to exhibit the bearings of
crystallization upon optical phenomena, Ac-
cording to the undulatory theory, the velocity
of light in water and glass is less than in
air. Consider, then, a small portion of a
wave issuing from a point of light so distant
that the portion may be regarded as practi-
cally straight. Moving vertically downwards,
and impinging on an horizontal surface of
glass, the wave would go through the glass
without change of direction. But, as the
velocity in glass is less than the velocity in
air, the wave would be retarded on passing
into the denser medium.

But suppose the wave, before reaching the
glass, to be obligue to the surface ; that end
of the wave which first reaches the glass will
be the first retarded, the other portions as
they enter the glass being retarded in succes-
sion. This retardation of the one end of the

wave causes it to swing round and change its:

front, so that when the wave has fully entered
the glass its course s oblique to its original di-
rection. According to the undulatory theory,
light is thus r¢fracted.

The two clements of rapidity of propaga-
tion, both of sound and light, in any sub-
stance whatever, are elasticity and density,
and the enormous velocity of light is attain-
able because the ether is at the same time. of
infinitesimal density and of enormous elas-
ticity. It surrounds the atoms of all bodies,
but seems to be so acted upon by them that
its density is increased without a proportionate
increase of elasticity ; this would account for
the diminished velocity of light in refracting
bodies. In virtue of the crystalline archi-
‘tecture that we have teen considering, the
ether in many crystals possesses different
densities in different directions ; and the con-
sequence is, that some of these media trans-
mit light with two different velocities. Now,
refraction depends wholly upon the change
of velocity on entering the refracting medium ;
and is greatest where the change of volicity
is greatest. Hence, as, in many crystals, we
have two different velccities, we have also
two different refractions, a beam of light being
divided by such crystals into two. This ef-
fect is called .dowble refraction.

A
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In water, fcr example, there is nothing in
the grouping of the molecules to interfere
with the perfect homogeneity of the ether;
but, when water crystallizes to ice, the case
is different. In a plate of ice the elasticity
of the ether in a direction perpendicular to
the surface of freezing is different from what
it is parallel to the surface of freezing ; ice is.
therefore, a double refracting substance.
Double refraction is displayed in a particu-
larly impressive manner by Iceland spar,
which is crystallized carbonate of lime. The
difference of ethereal density in two direc-
tions in this crystal is very great, the separa-
tion oi the beam into the two halves being,
therefore, particularly striking. ,

Before you is now projected an image of our
carbon-points. Introducing the spar, the beam
which builds the image is permitted to pass
through it; instantly you have the single image
divided into two. Projecting animage of the
aperature through which the light issues from
the electric lamp, and introducing the spar,
two luminous c¢i ks, insteacof one, appear
immediately upon the screen. (See Fig, 9

The two beams into which the spar divides
the single incident-beam do not behave alike.
One of them obeys the ordinary law of re-
fraction discovered by Snell, and this is
called the ordinary.1ay. The other does not
obey the ordinary law. Tts index of refrac-
tion, for example, is not constant, nor do the
incident and refracted rays always lie in the
same plane. It is, therefore, called ¢ ex-
traordinary ray. Pour water. and bisulphide
of carbon into two cups of the same depth;
looked at through the liquid, the cup that con-
tains the more strongly-refracting liquid will
appear shallower than the other. Placea
piece cf Iceland spar over a dot of ink; two
dots are seen, but one appears nearer than the
other. The nearest dot belongs to the most.
strongly-refracted ray, which in this case is
ths ordinary ray. Turn the spar round, and
the extraordinary image of the spot rotates
round the ordinary one. 3

The double refraction of Iceland spar was
first treated in a work published by Erasmus
Bartholimus, in 1669. The celebrated Huy-
ghens sought to account for the phenomenon



SIX LECTURES ON LIGHT.

on the principles of the wave theory, and he
succeeded in doirg so. Hemade highly im-
portant observations on the distinctive charac-
ter of the two beams transmitted by the spar.
Newton, reflecting on the observations of
ITuyghens, came to the conclusion that cach
of the beams had two sides; and from the
analogy of this fwo sidedness with the two
endedness of a magnet, wherein consists its
polarity, the two beams came subsequently to
be described as polarized.

We shall study this subject of the polariza-
tion of light with great case and profit by
means of a crystal of tourmaline. Bat let us
start with a clear conception of an ordinary
beam of light. It has been already explained
that the vibrations of the individual ether-
particles are executed across the line of prop-
agation. In the casc of ordinary light we
are to figure the cther particles as vibrating
in all directions, or azimuths, as it is some-
times expressed, across this line.

Now, in a plate of tourmaline cut parallel
to the axis of the crystal, the beamof incident
light is divided into two, the one vibrating
parallel to the axis of the crystal, the otherat
right angles to the axis. The grouping of
the molecules, and of the ether associated
with the molecules, reduces all the vibrations
incident upon the crystal to these two direc-
tions. One of these beams, namely that one
whose vibrations are perpendicular to the
axis, is quenched with exceeding rapidity by
the tourma ine, so that, after having passed
through a very small thickness of the crystal,
the light emerges with all its vibrations re-
duced to a single plane. In this condition it
is what we call a beam of plane polarized
light.

A moment’s reflection will show, if what
has been stated be correct, that, on placing
a second plate of tourmaline with its axis
parallel to the first, the light will pass through
both; but that, if the axes be crossed, the
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of the light being the consequence. The
image of a plate of tourmaline, # ¢ (Fig. 10),
is now before you. I place parallel to it
anot-er plate, # # : the green of the crystal
is a little deepened, nothing more. By means
of an endless screw, I now turn one of the
crystals gradually round ; as long as the two
plates are ‘oblique to each other, a certain
portion of light gets through ; but, when they
are at right angles to each other, the space
common to both is a space of darkness, as
shown in Fig. 11.

Let us return to a single plate ; and let me
say that it is on the green light transmitted
by the tourmaline that you are to fix your at-
tention. We have now to illustrate the two-
sidedness of that green light. The light sur-
rounding the green image being ordinary
light, is reflected by a plane glass mirror in
all directions; the green light, on the con-
trary, is not so reflectel. ‘The image of the
tourmaline is now horizontal ; reflected up-
wards, it is still green; reflected sideways,
the image is reduced to blackness, because of
the incompetency of the green 1'ght to be re-
flected in this direction. Making the plate
of tourmaline vertical and reflecting it as
before, in the upper image the light is
quenched ; in the side image you have now
the green. Picture the thing clearly. In
the one case the mirror receives the impact
ot the edges of the waves, and the green light
is qzenched. In the other case the sides of
the waves strike the mirror, and t e green
light is reflected. To render the extinction
complete, the light must be received upon
the mirror at a special angle. What this
angle is we shall learn presently.

The quality of two-sidedness conferred
upon light by crystals may also be conferred
upon it by ordinary reflection. Malus made
this discovery in 1808, while looking through
Iceland spar at the light of the sun reflected
from the windows of the Luxembourg palace
in Paris. I receive upon a plate of window-
glass the beam from our lamp ; a great por-
tion of the light reflected from the glass is
polarized ; the vibrations of this reflected
beam are executed, for the most part, paral-
lel to the surface of the glass, and, if the
glass be held so that the beam shall make an
angle of 58% with the perpendicular to the
glass, the w/hole ot the reflected beam is polar-
ized. It was at this angle that the image
of the tourmaline was completely quenched
in our former experiments. It is called #ke
| polarizing angle.

And now let us try to make substantially
theexperiment of Malus. I receive the beam
from the lamp upon this plate of glass and
reflect it through the spar. Instead of two
images, you see but one. So that the light,
when polarized, as it now is, can only get
through the spar in one direction, and conse-
quently produce but one image. Why is
this? In the Iceland spar, as in the tour~

light that passes through the one plate will
be quenched by the other, a total interception

maline, all the vibrations of the ordinary light
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are reduced to two planes at right angles to
each other; but, unlike the tourmaline, both
beams are transmitted with cqual facility by
the spar. The two beams, in short, emerg-
ent from the spar are polarized, their direc-
tions of vibration being at right angles to
each other. When, therefore, the light was
polarized by reflection, the direction of vibra-
tion in the spar which corresponded to the

Fic.

direction of vibration of the polarized beam
transmitted it, and that direction only. But
one image, therefore, was possible under the
conditions.

And now you have it in your power to
check many of my statements, and you will
observe that such logic as connect our experi-
ments is simply a transcript of the logic of
Nature. On the screen before you are the

T1c.

two disks of light produced by the double re-
fraction of the spar.  They are, as you
know, two images of the aperture through
which the light issues from the camera.
Placing the tourmaline in front of the aper-
ture, two images of the crystal will be ob-
tained ; but now let us reason out what is to
be expected from this experiment. The light
emergent {rom the tourmaline is polarized.

Fic.

Placing the crystal with its axis horizontal,
the vibrations of the transmitteu light will be
horizontal. Now the spar, as already stated,
has two perpendicular directions ot vibration,
one of which, at the present moment, is ver-
tical, the other horizontal. What are we to
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conclude? That the grcen light will be
transmitted along the latter, which is parallel
to the tourmaline, and not along the former,
which is perpendicular to it. IHence we may
infer that one image of the tourmaline will
show the ordinary green light ¢f the crystal,
while the other image will be black. Lect us
test our reasoning by experiment : it is veri-
fied to the letter. (Fig, 12.)

¥,
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Let us push our test still further. By
means of an cndless screw, the crystal can
he turned ninety degrees round. The black
image, as I turn, becomes gradually brighter
and the bright one gradually darker; at an
angle of forty-five degrees both images are
equally bright (Fig. 13); while, when ninety
degrees have been obtained, the axis ¢f the
crystal being then vertical, the bright and

13.
black images have charged places. (Fig.
14.) )

Given two beams transmitted through Ice-
land spar, it is perfectly manifest that we
have it in our power to determine instantly,
by means of a plate of tourmaline, the direc-
tions in which the ether-particles vibrate in
the two beams. I might place the double-
refracting sparin any position whatever. A

,
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minute’s trial with the tourmaline would
cnable you to determine the position which
yields a black and a bright image, and from
these you would at once infer the directions
of vibration.

Turther, the two beams from the spar
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being thus polarized, if they be suitably re-
ceived upon a plate of glass at the polarizing
angle, one of them will be reflected, the
other not. This is the conclusion of reason
from our previous knowledge; but you ob-
serve that reason is justified by experiment.
(Figs. 15 and 16.)

I have said that the whole of the beam re-
flected from glass at the polarizing angle is
polarized; a word must now be added regard-
ing the larger portion of the light transmitted
by the glass. The transmitted beam contains
a quantity of polarized light equal to that of
tl e reflected beam; but this quantity is only
a {raction of the whole transmitted light, By
taking two plates of glass instead cf one, we

/
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(B is the birefracting spar, dividing the incident
lizgnt into the two beams,0oand e, G is the mirror),
Tne beam is here reflected ZJaferally. When the re-
flection is #pwwards, the other beam is reflected, as
shown in Fig. 16.

Fic. 16,

augment the quantity of the transmitted polar-
ized light; and,by taking @ bundle of plates,we
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so increase the quantity as to render the trans-
mitted beam, for all practical purposes, ger-
Sectly polarized. Indeed, bundles of glass
plates are often cmp'oyed as a means of fur-
nishing polarized light.

One word more. When the tourmalines
are crossed, the space where they cross each
other is black. But we have seen that the
least obliquity on the part of the crystals per-
mits light to get through both. Now sup-
j ose, when the two platcs are crossed, that
we interpose a third plate of tourmaline be-
tween them, with its axis oblique to both. A
portion of the light transmitted by the first
plate will get through this intermediate cne.
But, after it has got through, its planc of vi-
bration is changed. it is nolonger perpendicu-
lar to the axis of the crystal in front.” Hence
it will get through that crystal. Thus, by
reasoning, we infer that the interposition of a
third plate of tourmaline will in part abolish
the darkness produced by the perpcndicular
crossing of the other two plates. 1 have not
a third plate of tourmaline ; but the talc or
mica which you employ in your stoves is a
more convenient substance, which acts in the
same way. Between the crossed tourmalines
I introduce a film of this crystal. You see
the edge of the film slowly descending, and
as it descends between the tourmalines, light
takes the place cf darkness. The darkness,
in fact, scemed scraped away as if it were
something material. This effect has been
called—and improperly called—depolarization.

LECTURE 1V,

Chromatic Phenomena produced by Crystals on Polar-
ized Light: ‘I'he Nicol Prisin: Polarizer and Ana-
lyzer: Action of thick and thin Plates of Selenites
Colors dependen: on Thickness: Resolution of Po-
larized Beam into two others by the Selenite; One
of them more retarded than the other: Recom-
pounding of the two Systems of Waves by the Ana-~
lyzer: Interference thus rendered possible: Conse-
quent Production of Cclors: Action of Bodies
Mechanically strained or pressed : Action of Sono-
rous Vibrations: Action of Glassstrained or pressed
by Heat: Circular Polarization: Chromatic Phe-~
nomena produced by Quartz: The Magnetization
of Light: Rings surroundiag the Axesof Crystals :
Biaxal and Uniaxal Crystals: Grasp of the Undu-~
latory Theory.

We now stand upon the threshold of a new
and splendid optical domain. We have to
cxamine, this evening, the chromatic phe-
nomena produced by the action ot crystals,
and double-refracting bodies gene:ally, upon
polarized light. For along time investigators
were compelled to employ plates of toursaline
for this purpose. and the progress they made
with so defective 2 means of inquiry is aston-
ishing. But these men had their hearts in
their work. and were on this account enabled
to extract great results from small instrumen-
tal appliances. But we have better apparatus
now. You have seen the two beams emer-
gent from Iceland spar, and have proved

them to be polarized. If we could abolish
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one of these beams, we might employ the
other for experiments on polarized light.

These beams, as you know, are refracted
differently, and from this we are able to infer
that under some circumstances the one may
be totally reflected, and the other not. An
optician, named Nicol, cut a crystal of Ice-
land spar in two in a certain direction. He
polished the severed urfaces, and rennited
them by Canada balsam, the surface of union
being so inclined to the beam traversing the
spar that the ordinary ray, which is the most
hizhly refracted, was totally reflected by the
balsam, while the extraordinary ray was per-
mitted to pass on. The invention of the
Nicol prism was a great step in practical op-
tics, and quite recently such prisms have
been constructed of a size which enables
audiences like the present to witness the
chromatic phenomena of polarized light to a
degree altogether unattainable a short time
ago. The two prisins here before you belong
to my excellent friend, Mr. William Spottis-
woode, and they were manufactured by Mr.
Ladd. I have with me another pair of very
noble prisms, still larger than these, manu-
factured for me by Mr. Browning, who has
gained so high and well-merited a reputation
in the construction of spectroscopss.

These two Nicol prisms play the same
part as the crystals of tourmaline. DIlaced
with their directions of vibration parailel,
the light passes through both. 'When these
directions are crossed, the light is quenched.
Introducing: a film of mica between the
prisms, the light is in part restored. But
notice, when the film of mica is zkiz, you
have sometimes not only light, but colored
light. Our work for some time to come wiil
be the examination of these colors. With
this view, I will take a representative crystal,
one easily dealt with; the crystal gypsum, or
selenite, which is crystallized sulphate of
lime. Between the crossed Nicols I placea
thick plate of this crystal; like the mica, it
restores the light, but it produces no color.
With my penknife I take a thin splinter from
this crystal and place it between the prismi¢
itsimage on the sereen glows with the richest
colors. Turning the prism in front, these
colors gradually fade, disappear, but by con-
tinuing the rotation until the vibrating sec-
tions ‘of the prisms are parallel, vivid colors
again appear, but these colors are comple-
mentary to the former ones.

Some patches of the splinter appear of one
color, some of another. These differences

ar: due to the different thicknesses of the,

film. If the thickness be uniform, the color
is uniform. Here, for instance, is a stellar
shape, every lozenge of the star being a film
ot gypsum of uniform thickness. Each
lozenge, you observe, shows a brilliant uni-
fcrm color. It is easy, by shaping our films
so as to represent flowers or other objects,
to exhibit such objects in colors unattainable
by art. Here, for example, is a specimen of
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heart’s-ease, the colors of which you might
safely defy the artist toreproduce. By turn-
ing the front Nicol ninety degrees round, we
pass through a colorless phase to a series of
colors complementary to the former ones.
Here, for example, is a rose tree with red
flowers and green leaves; turning the prism
ninety degrees round, we obtain a green
flower and red leaves. All these wonderful
chromatic effects have definite mechanical
causes in the motions of the ether. The
principle of interference, duly applied and
interpreted, explains them all,

By this time you have learned that the
word ‘‘light” may be used in two different
senses ; it may mean the impression made
upon consciousness, or it may meanthe phys-
ical agent which makes the impression. It
is with the agent that we have to occupy our-
selves at present. That agent is the motion
of a substance which fills ail space, and sur-
rounds the atoms and molecules of bodies.
To this interstellar and interatomic medium
definite mechanical properties are ascribed,
and we deal with it as a body possessed of
these p operties. In mechanics we have the
composition and resolution of forces, and of
motions, extending to the composition and
resolu.ion of wibrations. We treat the Jumi-
niferous ether on mechanical principles, and
from the composition, resolution, and inter-
ference of its vibrations, we deduc: all the
phenomena displayed by crystals in polarized
light.

Let us take, as an example, the crystal of
tourmaline, with which we are now so famil-
iar. Let a vibration cross this crysta. ablique
to its axis ; we have seen by exg *riment taat
a portion of the light will pa:s through.
How much, we determine in this way: Draw
a straight line representing the intensity of
the vibration before it reaches the tourmaline,
and {rom the two ends of this line draw two
perpendiculars to the axis of the crystal; the
Jistance between the feet of these two per-
pendiculars will represent the intensity of tae
transmited vibration.

Follow me now while I endeavor to make
clear to you what occurs when a film of
gypsum is placed between the Nicol prisms.
But, at the outset, let us establisn  still
further the analogy between the action of the
prisms and that ot two plates of tourmaline,
The plates are now crossed, and you see that
by turning the film round, it may be placed
in a position where it has no power to abolish
the darkness. Why is this? The answer is
that in the gypsum there are two directions,
at 1ight angles to each other, which the waves
of light are constrained to follow, znd that
now one of these directions is pa:allel to one
of the axes of the tourmaline, and the other
parallel 1o the other axis. When this is the
case, the film exercises no sensible action
upon the light. But now I turn the filn so
as to render its direction of vibration ebligue
to the axes; then you see it has the power,
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demonstratel. 1n tnelast lecture, of restoring
tae light.

Let us now mount our Nicol prisms and
cross them as we crossed the tourmalines.
Introducing our film of gypsum betweenthem,
you notice that in one particular position the
film has no power whatever over the field of
view. DBut, when the film is turned a little
way round, the light passes. We have now
to understand the mechanism by which this
is effected.

ANALYZER

POLARIZER
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Firstly, then, we have this first prism which
receives the light emergent from the electric
famp, and which is called the golarizer.. Then
we have the pate of gypsum, placed at S
(Fig. 17), and then the prism in front, which
is called the axalyzer. On its emergence
(rom the first prism, the light is polarized ;
and in the particular case now before us, its
vibrations are executed in an horizountal plane.
The twodirections of vibration of the gypsum,
placed at S, are now oblique to the horizon.
Draw a rectangular cross upon paper to rep-
resent the two directions of vibration within
the gypsum. Draw an oblique line to repre-
sent the intensity of the vibration when it
reaches the gvpsum. Let fall from the two
ends of this line two perpendiculars on each
of the arms of the cross; then the distances
between the feet of these perpendiculars rep-
resent the intensities of two rectangular vi-
brations whick are the equivalents of the first
single vibration, Thus the polarized ray,
when it enters the gypsum, is resolved into
two others, vibrating at right angles to each
other.

Now, in one of those directions of vibration
the ether is more sluggish than in the other;
and, as a consequence, the waves that follow
this direction are more retarded than the
others. The waves of both systems, in fact,
are shortened when they enter the gypsum,
but the one system is more shortened than the
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other. You can readily imagine that in this
way the one system of waves may get half a
wave-length, or indeed any number of half
wave-lengths, in advance of the other. The
possibility of interference here flashes upon
the mind. A little consideration, however,
renders it evident that, as long as the vibra-
tions are executed at right angles to each
other, they cannot quench each other, no
matter what the retardation may be. This
brings us at once to the part played by the
analyzer. Its sole function is to recompound
the two vibrations emergeut from the gypsum.
It reduces them to a single plane, where, if
one of them be retarded by the proper
amount, extinction can occur. But here, as
in the case of thin films, the different lengths
of the waves of light come intc play. Red
will require a greater thickness to produce the
retardation necessary for extinction than blue;
consequently, when the longer waves have
been withdrawn by interference, the shorter
ones remain and confer their colors on the
film of gypsum. Conversely, when the
shorter waves have been withdrawn, the
thickness is such that the longer waves re-
main. An elementary consideration suffices
to show that, when the directions of vibration
of prisms and gypsum enclose an angle of
forty-five degrees, the colors are at their
maximum bnlliancy. When the film is
turned from this direction, the colors gradu-
ally fade, until, at the point where the direc-
tions are parallel, they disappear altogether.

A knowledge of these phenomena (5 best
obtained by means of a emodel of wood or
pasteboard representing the plate of gypsum,
its planes of vibration, and also those of the
polarizer and analyzer. On these planes the
waves may be drawn, showing the resolution
of the first polarized ray into two others, and
then the reduction of the two vibrations to a
common plane. Following out 1igidly the
intecaction of the two systems of waves, we
are taught by such a model that a!l the phe-
nomena of color, obtained, when the planes of
vibration of the two Nicols are parallel, are
displaced by the complementary phenomena
when the Nicols are perpendicular to each
other. .

In considering the next point, for the sake
of simplicity, we will operate with monochro-
matic light—with red light, for example.
Supposing that a certain thickness of the gyp-
sum produces a retardation of half a waye-
length, twice this thickness will produce a
retardation of two half wave-lengths; three
times this thickness a retardation of three
half wave-lengths, and so on. Now, when
the Nicols are parallel, the retardation of
half a wave-length, cr of any oZd number of
half wave-leugths, produces extinctior; at ail
thicknesses, on the other hand, which corre-.
cpond to a retardation of an ever number of
half wave-lengths, the two beams support each
other, when they are broughtto a common

plane by the analyzer. S.pposing, then,
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that we take a plate of a wedge-form, which
grows gradually thicker from edge to back,
we ought to expect in red light a series of
recurrent bands of light and darkness ; the
dark bands occurring at thicknesses which
produce retardations of one, three, five, etc.,
half wave-lengths, while the light bands occur
between the dark ones. Expeiriment proves

the wedge-shaped crystal toshow these bands; |

but they are far better shown by this circular
film, which is so worked as to be thinnest at
the centre, gradually increasing in thickness
from the centre outwards. ‘These splendid
rings of light and darkness are thus produced.

\When, instead of employing red light, we
employ blue, the rings are also seen ; but. as
they occur at thinner portions of the film,
they are smaller than the rings obtained with
the red light. The consequence of employ-
ing white hght may now be inferred: inas-
much as the red and the blue fall in different
places, we have 7is-colored 1ings produced by
the white light.

Some of the c’<omatic effects of irregular
crystallization are beautiful in the extreme.
Could I introduce between our Nicols a pane

of glass covered by those frost-ferns which |

the cold weather renders now so frequent,
rich colors would be the result. The beauti-
ful effects of irregular crystallization on glass
plates, now presented to you, illustrate what
you might espect from the trosted window-
pane. And not only do crystalline bodies
act thus upon light, but almost.all bodies that
possess a definite structure do the same. As
a general rule, organic bodies act in this way;
for their architecture implies an arrangement
of the ether which involves double refraction.
A film of horn, or the section of a shell, for
example, yields very beautiful colors in polar-
ized light. In a tree, the ether certainly pos-
sesses different degrees of elasticity along and
across the fibre; and, were wood transparent,
this peculiarity of molecular structure would
infallibly reveal itseif by chromatic phe-
nomena like those that you have seen. DBut
net only do bodies built permanently by
Nature behave in this way, but it is possible,
as shown by Brewster, to confer, by strain or
by pressure, a temporary double-refracting
structure upon non-crystalline bcdies, such as
common glass.

When I place this bar of wood across my
knee and seek to break it, what is the
mechanical condition of the bar? It bends,
and its convex surface is strained longitudi-
nally; its concave surface, that next my knee,
is longitudinally pressed. Both in the
strained portion and in the pressed portion
the cther is thrown into a condition which
would rend r the wood, were it transparent,
double-refracting. Let us repeat the experi-
ment with a bar of glass, Between the
crossed Nicols I introduce such a bar. By
the dim residue of light lingering upon the
screen, you see the image of the glass, but it
has no effect upon the light. I simply bend
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the glass bar with my finger and thumb,

keeping its length oblique to the directions of
vibration in the Nicols. Instantly light
flashes out upon the screen. The two sides
of the bar are iliuminated, the edyes most,

for here the strain and pressure are greatest,
In passing from strain to pressure, we cross a
portion of the glass where neither is exerted.
This is the so-called neutral axis of the bar
of glass, and along it you see a dark band,
indicating that the glass along this axis exer-
cises no . ction upon tihe light. By employ-
ing the force of a press, instead of the force
of my finger and thumb, the brilliancy of the
light is greatly augmented.

Again, I have here a square of glass which
can be inserted into a press of another kind.
Introducing the square between the prisms,
its neutrality is declared ; but it can hardly
be held sufficiently loosey to prevent its
action from manifesting itself. Already,
though the pressure is infinitesimal, you see
spots of light at the points where the press is
in contact with the glass. I now turn this
screw. Instantly the image of the square of
glass flashes out upon the screen. You see
luminous spaces separated from each other
by dark bands. KEvery pair of adjacent
luminous spaces is in opposite mechanical
conditions. On one side of the dark band
we have strain, on the other side pressure;
while the dark band marks the neutral axis
between both. I now tighten the vise, and
you see color; tighten still more, and thz
colors appear as rich as those presented by
crystals. Releasing the vise, the colors
suddenly vanish; tightening suddenly, they
reappear. F¥rom the colors of a soap-bubble
Newton was able to infer the thickness of the
bubble, thus uniting by the bond of thought
apparently incongruous things. From the
colors here presented to you, the magnitude
of the pressure employed might be inferred.
Indeed, the late M. Wertheim, of Paris, in-
vented an instrument for the determination
of strains and pressures by the colors of
polarized light, which exceeded 1n accuracy
all other instruments of the kind.

You know that bodies are expanded by
heat and contracted by cold. . If the heat be
applied with perfect uniformity, no local
strains cr pressures come into play; bat, if
one portion of a solid be heated and others
not, the expansion of the heated portion intro-
duces strains and pressures which reveal
themselves under the scrutiny of polarized
light. When a square of common window-
glass is placed between the Nicols, you see
its dim outline, but it exerts no action on the
polarized light. Held for a moment overthe
flame of a spirit-lamp, on reintroducing it
between the Nicols, light flashes out upon
the screen, Here, asin the case of mechan-
ical action, you have spaces of strain divided
by neutral axes from spaces of pressure.

Let us apply the heat more symmetrically.
This small square of glass is perforated at



SIX LECTURES ON LIGHT. o1

thz centre, and into the orifice a bit of copper
wire is inttoduced. Placing the square be-
tween the prisms, and heating the copper,
the heat passes by conducticn along the wire
to the glass, through which it spreads from
the centre outwards. You sse a dim cross
bounding four luminous quadrants growing
up and becoming gradually black by compari-
son with the adjacent brightness. And as, in
the case of pressure, we produced colors, so
here als>, by the proper application of heat,
gorgeons chromatic effects may be produced,
and they may be rendered permanent by first
heating the glass sufficiently, and then coql-
ingit, so that the chilled mass shall remain
in a state of strain and pressure. Two or
three examples will illustrate this point. The
colors, you observe, are quite as rich as those
obtained in the case of crystals.

And now we have to push these considera-
tions to a final illustration. Polarized light
may be turned to account in various ways as
an analyzer of molecular condition. A strip
of glass six feet long, two inches wide, and
a quarter of an inch thick, is held at the
centre between my finger and thumb. I
sweep over one of its halves a wet woolen
rag; you hear an acute sound, due to the
vibrations of the glass. What is the condi-
tion of the glass while the sound is heard?
This . its two halves lengthen and shorten in
Quick succession. Its two ends, therefore,
are in a state of quick vibration; but at the
centre the pulses from the two ends alter-
nately meet and retreat. Between their
opposing actions, the glass at the centre is
kept motionless ; but, on the other hand, it
is alternately strained and compressed. The
state of the glass may be illustrated by a row
of spots of light, as the propagation of a
sonorous pulse was illustrated in a former
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lecture. By a simple mechanical contrivance
the spots are made to vibrate to and fro.
The terminal dots have the largest amplitude

of vibration, while those at the centre are
alternately crowded together and torn
asunder, the centre one not 1aoving at all.
The condition of the soundiag strip of glass
is here correctly represented. In Fig.18, A
B represents the glass rectangle with its
centre zondensed ; while A’ B/ represents the
same rectangle with its centrs rarefied.

If we introduce the glass s s/ (Fig. 19) be-
tween the crossed Nicols, taking care to keep
the strip oblique to the direction of vibration
of the Nicols, anc sweep our wet rubber over
the glass, this may bz expected to occur: At
every moment of compression the light will
flash through ; at every moment of strain the
light will also flash through ; and these states
of strain and pressure will follow each other
so rapidly that we may expect a permanent
luminous impression to be made upon the
eye. By pure reasoning, therefore, we reach
the conclusion that the light will be revived
whenever the glass is soundzd. That itisso,
experiment testifies: at everv sweep of the
rubber, a fine luminous disk (o) flashes out
upon the screen. The experiment may be
varied in this way: Placing in fron of the
polarizer a plate of unannealed glass, you
have those beantiful colored rings, intersezted
by a black cross. Every sweep of the rubber
not only abolishes the rings, but introduaces
complementary ones, the black cross being
for the moment supplanted by a white one.
This is a modification of an experiment
which we owe to Biot. His apparatus, how-
ever, confined the observation of it to a single
person at a time.

‘But we have to follow the ether still
further. Suspended before you is a pendu-
lum, which, when drawn aside and then
liberated, oscillates to and fro. If when the
pendulum is passing the middle point of its
excursion, I impart a shock to it tending to
drive it at right angles to its present course,
what occurs? The two impulses compound
themselves to a vibration oblique in direction
to the former one, but the pendulum oscil-
lates in @ plane. But, if the rectangular
shock be imparted to the pendulum when it
is at the limit of its swing, then the com-
pounding of the two impulses causes the sus-
pended ball to describe not a straight line,
but au ellipse ; and, if the shock be compe-
tent of itself to produce a vibration of the
same amplitude as the first one, the ellipse
becomes a circle. But why do I dwell upon
these things? Simply to make known to you
the resemblance of these gress mechanical
vibrations to the vibrations of light. 1 hold
in my hand a plate of quartz cut from the
crystal perpendicular to its axis. This crys-
tal thus cut possesses the extraordinary power
of twisting the plane of vibration of a polar-
ized ray to an extent dependent on the thick-
ness of the crystal. And the more refrangi-
ble the light the greater is the amount of
twisting, so that, when white light is em-

ployed, its constituent colors are thus drawn
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asunder. Placing the quartz between the
polatizer and the analyzer, you see this
splendid color, and, turning the analyzer in
front, from right to left, the other colors
appear in succession. Specimens of quartz
have been found which require the analyzer
to be turned from left to right, to obtain the
same succession of colors. Crystals of the
first class are therefore called right-handed,
and, of the second class, left handed crystals.

With profound sagacity, Fresne, towhose
genius we mainly owe the expansion and
final triumph of the undulatory theory of
light, reproduced mentally the mechanism of
these crystals, and showed their action to be
due to the circumstance that, in them, the
waves of ether so act upon each other as to
produce the condition represented by our
rotating pendulum. Instead of being plane
polarized, the light in rock crystal is cireu-
larly polarized. Two such rays transmitted
along the axis of the crystal, and rotating in
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although the mixture of blue and yellow pig-

‘ments produces green, the mixture of biue

and yellow lights produces white. ¢ en-
larging our aperture, the two images pro-
duced by the spar are caused to approach
cach other, and finally to overlap. The one
is now a vivid yellow, the other a vivid blue,
and you notice that where the colors are
superposed we have a pure white. (See Fig.
20, where N is the nozzle of the lamp, Q the
quartz plate, L a lens, and B the birefracting
spar. The two images overlap at O, and
produce white by their mixture.)

This brings us to a point of our inquiries
which, though not capable of brilliant illus-
tration, is nevertheless so likely to affect pro-
foundly the future course of scientific thought
that I am unwilling to pass it over without
reference. 1 refer to the experiment which
Faraday, its discoverer, called the magnetiza-
tion of light. The arrangement for thi.
celebrated experiment is now before you,

Fi1c.

opposite directions, when brouzht to inter-
ference by the analyzer, are demonstrably
competent to produce the observed phe-
nomena.

1 now abandon the analyzer, and put in its
place the piece of Iceland spar with which
we have already illustrated double refraction.
The two images of the carbon-points are
now before you. Introducing a plate of
quartz between the polariz.r and the spar,
the two images glow with complementary
colors. Employing the image of an aperture
instead of that of the carbon-points, we have
two complementary colored circles. As the
analyzer is caused to rotate, the colors pass
through various changes ; but they are al-
ways complementary to each other. If the
one be red, the other will be green; if the
one be yellow, the other will be blue. Here

19.
‘We have first our electric lamp, then a Nicot
prism, to polarize the beam emecrgent from
the lamp ; then an electro-magnet, then a
second Nicol prism, and finally our screen.
At the present moment the prisms are
crossed, and the screen is dark. I place
from pole to pole of the electro-magnet a
cylinder of a peculiar kind of glass, first
made by Faraday, and called Faraday’s heavy
glass. Through this glass the bsam from
the polarizer now passes, being intercepted
by the Nicol in front. I now excite the
magnet, and instantly light appears upon the
screen. On examination, we find that, by
the action of the magnet upon the ether con-
tained within the heavy glass, the plane or
vibration is caused to rotate, thus enabling
the light to get through the analyzer.

The two classes into which quartz-crystals

we have it in our power to demonstrate afresh | are divided have been already mentionedl.
a statement made in a former lecture, that, | In my hand I hold a compound piate, ons-
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haif of it taken from a right-handed and the
other from a left-handed crystal. Placing
the plate in front of the polarizer, we turn
one of the Nicols until the two halves of the
plate show a common puce color. This
yields an exceedingly sensitive means of ren-
dering the action of a magret upon light
¢izible. By turning either the polarizer or

the analyzer through the smallest angle, tae
uniformity of the color disappears, and the
two halves of the quartz show different colors.
The magnet also produces this effect. The
puce-colored circle is now befcre you on the
screen. (See Fig. 21 for the arrangement of
the experiment. N is the nozzle of the lamp,

H the first 2ico!, Q the biquartz plate, L a
lens, M the electro-magnet, and P the second
Nicol.) Exciting the magnet, one half of
the image becomes suddenly red, the other
half green. Interrupting the current,-the
two colors fade away, and the primitive puce
is restored. The action, moreover, depends
upon the polarity of the magnet, or, in other
words, on the direction of the current which
surrounds the magnet. Reversing the cur-
rent, the red and green reappear, but they
have changed places. The red was for-
merly to the right, and the green to the left;
the green is now to the right, and the red to
the left. With the most exquisite ingenuity,
Faraday analyzed all those actions azd stated
their laws. This experiment, however, long
remained rafher as ascientific curiosity than as
a fruitful germ. That it would bear fruit of
the highest ‘mportance, Faraday felt pro-
foundly convinced, and recent researches are
on the way to verify his conviction.

A few words more are necessary to com-
plete our knowledge ot the wonderful inter-
action between ponderable molecules and the
ether interfused among them, Symmety of
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molecular arrangement implies symmetry on
the part of the ether; atomic dissymmetry,
on the other hand, involves the dissymmetry
of the ether, and, as a consequence, double
refraction. In a certain class of crystals the
structure is homogeneous, and such crystals
produce no double refraction. In certain

other crystals the mol- ales are ranged sym-
metrically around 2 _ertain line, and not
around others. A’oug the former, therefore,
the ray is undiviced, while along all the
others we have double refraction. Ice is a
familiar example ; it is built with perfect
symmetry around the perpendiculars to the
planes of freezing, and a ray sent through
ice in this direction is not doubly refracted ;
whereas, in all other directions, it is. Ice-
land spar.is another example of the same
kind : its molecules are built symmetrically
round the line uniting the two blunt angles
of the rhomb. In this direction a ray suffers
no double refraction, in all others it does.
This direction of double refraction is called
the gptic axis of the crystal.

Hence, if a plate be cut from a crystal of
Iceland spar perpendicular to the axis, a
rays sent across this plate in the dirction ¢
the axis will produce but cne image. Bu*
the moment we deviate from the parallelisra
with the axis, double refraction sets in. If,
therefore, a beam that has been rendered
conical by a converging lens be sent through
the spar so that the central ray of the cone
passes along the axis, this ray only will es-
cape double refraction. Each of the others
will be divided into an ordinary and extraor-
dinary ray, the one moving more slowly
through the crystal than the other; the one,
therefore, retarded with reference to the
other. Here, then, we have the conditions
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for interference, when the waves are reduced
by the analyzer to a common plane. A
highly beautiful and important source of
chromatic phenomena is thus revealed.
Placing the piate of spar between the crossed
prisms, we have upon the screen a beautiful
system of iris rings surrounding the end of
the optic axis, the circular bands of color
being intersected by a black cross. The
arms ~f th's cross are parallel to the two
directions of vibration in the polarizer and
analyzer. It is easy to see that those rays
whose planes of ‘vibration within the spar
coincide with the plane of vibration of ¢it/er
prism, cannot get through Jot%. This com-
plete interception produces the arms of the
cross. With mono-chromatic light the rings
would be simply bright and black—the
bright rings occurring at those thicknesses of
the spar which cause the rays to conspire ;
the black rings at those thicknesses which
cause them to quench each other. Here,
kowever, as elsewhere, the different lengths
of the light-waves give rise to iris-colors
when white light is employed.

Besides the 7egular crystals which produce
double refraction in no direction, and the
uniaxel crystals which produce it in all direc-
tions but one, Brewster discovered thatin a
large class of crystals there are fwo directions
in which double refraction does not take
place.  These are called Jiaxal crystals.
When plates of these crystals, suitably cut,

. are placed betwee: the polarizer and analyzer,
lhe axes are seen st “ounded, not by circles,
but by curves of anc “er order and of a per-
fectly definite matheme« ‘cal character. Each
band, as proved experimentally by Herschel,
forms a lemniscate; bur the experimental
proof was here, as in numberless other cases,
preceded by the deduction which showed that,
according to the undulatory theory, the bands
must possess this special character.

1 have taken this somewhat wide range
over polarization itselt and over the phenom-
ena exhibited by crystals in polarized light,
in order to give yoa some notion of the firm-
ness aad completeness of the theory which
grasps them all. Starting from the single
assumption of transverse undulations, we
first of all determine the wave-lengths, and
find all the phenomena of color dependent
on this element. The wave-lengths may be
determined in many independent ways, and,
when the lengths so determined are compared
together, the strictest agreement is found to
exist between them. We follow the ether
into the most complicated cases of interac-
tion between it and ordinary matter, *‘ the
theory is equal to them all. = It makes not a
single new hypothesis ; but out of its original
stock of principles it educes the counterparts
of all that observation shows. It accounts
for, explains, simplifies the most ecntangled
cases ; corrects known laws and facts; pre-
dicts an ! discloses unknown ones ; becomes
the guide of its former teacher Observation ;
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and, enlightened by mechanical conceptions,
acquires an insight which pierces through
shape and color to force and cause.’”*

But, while I have thus endeavored to illus-
trate before you the power of the undulatory
theory as a solver of all the difficulties of
optics, do I there{ore wish you to close your
eyes to any evidence that may arise against
it? By no means. You may urge, and
justly urge, that a hundred years ago another
theory was held by the most eminent men,
and that, as the theory then held had to
yield, the undulatory theory may have to
yield also. This is perfectly logical ; but let
us understand the precise value of the arga-
ment. In similar language a person in the
time of Newton, or even in our time, might
reason thus: ‘‘Hipparchus and DPtolemy,
and numbers of great men after them, be-
lieved that the earth was the centre of the
solar system. But this deep-set theoretic
notion had to give way, and the theory of
gravitation may, in its turn, have to give
way also.” This is just as logical as the first
argument. Wherein consists the strength of
the theory of gravitation? Solely in its com-
petence to account for all the phenomena of the
solar system. Wherein consists the strength
of the theory of undulation? Solely in its
competence to disentangle and explain phe-
tnomena a hundred-fold more complex than
those of the solar system. Be as skeptical,
if you like, regarding the undulatory theory ;
but if your skepticism be philosophical, it
will wrap the theory of gravitation in the
same or greater doubt.}

LECTURE V.

Range of vision incommensurate with Range of Radi-
ation: The Ultra-Violet Rays: Fluorescence:
Rendering Invisible Rays visible: Vision not the
only Sense appealed to by the Solar and Electric
Beam : Heat of Beam: Combustion by ‘'otal Beam
at the Foci of Mirrors and Lenses: Combustion
through Ice-Lens: lgnition of Diamond: Search
for the Kays here effective : Sir William Herschel's
Discovery of Dark Solar Rays: Iavisible Rays the
Basis of the Visible : Detachment by a Ray-Filter
of the Invisible Rays from the Visible: Combustion
at Dark Foci: Conversion of Heat-Rays into
Light-Rays : Calorescence : Part played ia Nature
H Dark Rays: Identity of Light and Radiant

eat: Invisible Images: Reflection, Refraction,
Plane Polarization, Depolarization, Circular Polar-
ization, Double Refraction, and Magnetization of
Radiant Heat.

THE first question that we have to con-
sider to-night is this: Is the eye, as an organ
of vision, commensurate with the waole
range of solar radiation—is it capable of re-
ceiving visual impressions from all the rays
emitted by the sun? The answer is nega-
tive. If we allowed ourselves to accept for a

* Whewell.

+ The only essay known to me on the Undulatory
Theory, from the pen of an American writer, is an
excellént one by President Barnard, published in the
Smithsonian Report for 1862.
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moment that notioh of gradual growth,
amelioration, and ascension, implied by the
term cvolution, we might fairly conclude that
there are stores of visual impressions awaiting
man far greater than those of which heis
now in possession. For example, here be-
yond the extreme violet of the spectrum there
is a vast efflux of rays which are totaily use-
less as regards our present powers of vision.
But these ultra-violet waves, though incom-
petent to awaken the optic nerve, can so
shake the molecules of certain compound sub-
stances as to effect their decomposition. The
grandest example of the chemical action of
light, with which my frierd Dr. Draper has
so indissolubly associated his name, is that of
the decomposition of carbonic acid in the
leaves of plants. All photographyis founded
on such actions. There are substances on
which the ultra-violet waves exert a special
decomposing power ; and, by permitting the
invisitle spectrum to fall upon surfaces pre-
pared with such substances, we reveal both
the existence and the extent of the ultra-
violet spectrum,

This mode of exhibiting the action of the
ultra-violet rays has been long known; in-
deed, Thomas Young photographed the ultra-
violet rings of Newton. We have now to
demonstrate their presence in another way.
As a general rule, bodies transmit light or
absorb it, but there is a third case in which the
light falling upon the body is neither trans-
mitted nor absorbed, but converted into light of
another kind. Professor Stokes, the occupant
of the Chair of Newton in the University of
Cambridge, one of those original workers
who, though not widely known beyond
scientific circles, realiy constitute the core of
science, has demonstrated this change of one
kind of light into another, and has pushed
his experiments so far as to render the invisi-
ble rays visible.

A long list of substances examined by
Stokes when excited by the invisible ultra-
violet waves, have been proved to emit Zg/kz.
You know the rate of vibration corresponding
to the extreme violet of the spectrum ; you
are aware that, to produce the impression of
this color, the retina is struck 789 millions of
millions of times in a second. At this point,
the retina ceases to be useful as an orgaa of
vision, for, though struck by waves of more
rapid recurr-nce, they are incompetent to
awaken the sensation of light. But, when
such non-visual waves are caused to impinge
upon the molecules of certain substances—
cn those of sulphate of quinine, for example
—they compel those molecules, or their con-
stituent atoms, to vibrate ; and the peculiar-
ity is, that the vibrations thus set up are of
slower period than those of the exciting
waves. By this Jowering of tre rate of vi-
bration through the intermediation of the sul-
phate of quinine, the invisible rays are ren-
dered visible. Here we have our spectrum,
and beyond the violet T place this prepared
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paper. The spectrum is immediately elonga-
ted by the generation of a new light beyond
the extreme violet. Dresident Morton has
recently succeeded in discovering a substance
of great sensibility which he has named
ZThallene, and he has been good enough to
favor me with some paper saturated with a
solution of this substance. It causes a very
siriking enlongation of the spectrum, the
new light generated being of peculiar bril-
liancy. To this change of the rays from a
higher to a lower refrangibility, Stokes has
given the name of Fluorescence.

By means of a deeply-colored violet glass,
we cut off almost the whole of the /Zg/is of
our electric beam ; but this glass ispeculiarly
transparent 1o the violet and ultra-vialet
rays. The violet beam now crosses a large
jar filled with water. Into it I pour a solu-
tion of sulphate cf quinine: opaque clouds,
to all appearance, instantly tumble down-
wards.  But these are not clouds : there is
nothing precipitated here: the observed ac-
tion is a : action of wolecules, not of particles.
The medium before you is not a turbid me-
dium, for, when you look through it at a
luminious surface, it is perfectly clear. If we
paint upon a piece of paper a flower or a
bouquet with the sulphate of quinine, and ex-
pose it to the full beam, scarcely anything is
seen. But on interposing the violet glass,
the design instantly flashes forth in strong
contrast with the deep surrounding violet.
Here is such a design prepared for me by
President Morton with his thallene : placed
in the violet light it exhidits a peculiarly
vivid and beautiful fluorescence. From tne
experiments of Dr. Bence Jones, it would
seem that there is some substance in the hu-
man body resembling the sulphate of quiniae,
which causes all the tissues of the body to be
more or less fluorescent. The crystalline
lens of the eye exhibits the effect in a very
striking manner. When I plunge my eye
into this violet beam, I am conscious of a
whitish-blue shimmer filling the space before
me. This is caused by fluorescent light gen-
erated in the eye itself ; looked at from with-
out, the crystalline lens atthe same time
gleams vividly.

But the waves from our incandescent car-
bon-points appeal to another sznse than that
of vision. They not only produce lightasa
sensation; they also produce heat. The mag-
nified image of the carbon-points is now upons
the screen, and with a suitable instrument the
heating power of that instrument might be
demonstrated. Here, however, the heat is
spread over too large an area to be intense.
By pushing out the lens and causing a mova-
ble screen to approach our lamp, the image
becomes smaller and smaller : the rays be-
come more concentrated, until finally they
are able to pierce black paper with a burning
ring. Rendering the beam parallel, and re-
ceiving it upon a concave mirror, the rays are
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brought to a focus ; and paper placed at the
focus is caused to smoke and burn. This
may be done by our common camera with its
lens, and by a concave mirror of very mod-
erate powsr.

We will now adopt stronger measures with
the radiation from the electric lamp. I this
camera of blackened tiu is placed a lamp, in
all particulars similar to those already em-
ployed. DBut, instead of gathering up the
rays from a carbon-point by a condensing
lens placed in front of them, we gather them
up by a-coarcave mirror, silvered in front,
and placed behind the carbons. By this
mirror we can cause the rays toissue through
the orifice in front, either parallel or conver-
gent. They are now pa-allel, and therefore
to a certain extent diffused. We place a
convex lens in the path of the beam ; the
light is converged to a focus, and at that
focus you s:e that paper is not only pierced
and a burning ring formed, but that it is in-
stantly set ablaze, Many metals may be
burned up in the same way. In our first lec-
ture the combustibility of zinc was mentioned.
Placing a strip of sheet-zinc at this focus, it
is instantly ignited and burns with its charac-
teristic purple flame. (In the annexed figure

m m’ represents the concave mirror, L the
] UPAARD T,
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lens, at the focus C of which combustion is
effected). Dr. Scoresby succeeded in ex-

ploding gunpowder by the sun’s rays con-;

verged by large lenses of ice ; the sameeffect
may be produced with a small lens, and with
a terrestrial source of heat. Inan iron mould
we have fashioned this Leautiful lens of
transparent ice. At the focus of the lens I
place a bit of black paper, with a little gun-
cotton folded up within it. The paper ignites
and the cotton explodes. Strange, is it not,
that the beam should possess such heating
power after having passed through so cold a
substance ?

Inthis experiment, you observe that, before
the beam reaches the ice-lens, it has passed
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through a glass cell containing water. The
beam is thus sifted of constituents, which, it
permitted to fall upon the lens, would injure
its surface, and blur the focus. And this
leads me to say an anticipatory word regard-
ing transparency. In our first lecture we
entered fully into the production of colors
by absorption, and we spoke repeatedly
of the quenching of the rays of light. Did
this mean that the light was altogether
annihilated? By no means. It was sim-
ply so lowered in refrangibility as to
escape the visual range. /¢ was converted
into heat. Our red ribbon in the green of the
spectrum quenched the green, but if suitably
examined its temrcerature would have been
found raised. Our green ribbon in the red
of the spectrum quenched the red, but its
temperature at the same time was augmented
to a degree exactly equivalent to the light ex-
tinguished. Our black ribbon, when passed
through the spectrum, was found competent
to quench all its colors ; but at every stage of
its progress an amount of heat was generated
in the ribbon exactly equivalent to the light
lost. /1t is only when absorption takes place
that heat is thus produced ; and heat is always
a result of ab_orption.

Examine this water, then, in front of the
lamp, after the beam has passed a little time
through it: it is sensibly warm, and, if per-
mitted to remain there long enough, it may
be made to boil. This is due to the absorp-
tion by the water of a portion of the electric
beam. But a certain portion passes through
unabsorbed, and does not at all contribute to
the heating of the water. Now, ice is also
transparent to the latter portion, and there-
fore is not melted by it ; hence, by employ-
ing this particular portion of the beam, we
are able to keep our lens intact, and to pro-
duce by means of it a sharply-defined focus.
Placed at that focus, black paper instantly
burns, because the black paper absorbs the
light which had passed through the ice-lens
without absorption. In a subsequent lecture,
we shall endeavor to penetrate further into
the physical meaning of these and other simi-
lar actions. I may add to these illustrations
of heating power, the ignition ¢f a diamond
in oxygen, by the concentrated beam of the
electric lamp. The diamond, surrounded by
a hood of platinum to lessen the chilling due
to convection, is exposed at the focus. It is
rapidly raised to a white heat, and when re-
moved from the focus continues to glow like
a star,

Placed in the path of the beam issuing from
our lamp is a cell with glass sides containing
a solution of alum. All the Zg/¢ of the beam
passes through this solution. The beam is
received on a powerfully converging mirror
silvered in front, and is brought to a focus by
the mirror. You can see the conical beam
of reflected light tracking itself through the
dust of the room. I place at the focus a
scrap of white paper: it glows there with
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dazzling brightness, but it is npt even charred.
On removing the alum-cell, however, the
paper instantly inflames. There must, there-
fore, be something in this beam besides its
light. The Zg/kt is not absorbed by the
white paper, and therefore does not burn the
paper ; but there is something over and above
the light which 75 absorbed and which pro-
vokes combustion. What is this something ?
In the year 1800 Sir William IHerschel
passed a thermomcter through the various
colors of the solar spectrum, an ! marked the
risc of temperature corresponding to each
color, Ile found the heating effect to aug-
ment from the violet to the red ; he did not,
however, stop at the red. but pushed his
thermometer into the dark space beyond it.
Iere he found the temperature actually higher
than in any part of the visible spectrum. By
this important observation, he proved that
the sun emitted dark heat-rays which are en-
tirely unfit for the purposes of vision. The
subject was subsequently taken up by See-
beck, Melloni, Miiller, and others, and within
the last few years it has been found capable
of unexpected cxpansions and applications.
A method has been devised whereby the solar
or electric beam can be so fi/tered as to detach
from it and preserve intact this invisible
ultr «-red emission, while the visible and ultra-
violet emissions are wholly iatercepted. We
are thus enabled to operate at wiil upon the
purely ultra-red waves.
 In the heating of so.id bodies to incandes-
cence this non-visual emission is the neces-
sary basis of the visual. A platinum wire is
stretched in front of the table, and through
it an electric current flows. It is warmed by
the current, and may be felt to be warm by
the hand ; it also emits waves of heat, but no
Ight. Augmenting the strength of the cur-
rent, the wire becomes hotter; it finally
glows with a sober red light. At this point
Dr. Draper many years ago began an inter-
esting investigation. Ile employed a vol-
taic current t> heat his platinum, and he
studied by means of a prism the successive
introduction of the colors of the spectrum.
His first color, as here, was red ; then came
orange, then yellow, then green, and lastly
all the shades of blue. Thus as the tempera-
ture of the platinum was gradually aug-
mented, the at:ms were caused to vibrate
more rapidly, shorter waves werz thus pro-
duced, until finally he obtained the waves
corresponding to the entire spectrum. As
each successive color was introduced, the
colors preceding it became more vivid. Now,
the vividness, or intensity of light, like that
of sound, depends, not upon the length of the
wave, but on the amplitude of the vibration.
Hence, as the red grew more intense as the
more refrangible colors were introduced, we
are forced to conclude that, side by side with
the introduction of the shorter waves, we had
an augmentation of the amplitude of the
ionger ones.
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These remarks apply, not only to the vis-
ible emission examined by Dr. Draper, but
to the invisible emission which preceded
the appearance of any light. In the emis-
s.on from the white-hot platinum wire now
before you the very waves exist with which
we started, only their intensity has been in-
creased a thousand-fold by the augmentation
of temperature necessary to the production
of this white light. I oth effects are bouad
together: in an incandescent solid, or in a
molten solid, you cannot have the shorter
waves without this intensification of the
longer ones. A sun is possible only on
these conditions; hence Sir Willlam Ier-
schel's discovery of the invisible ultra-red
solar emission.

The invisible heat, emitted both by dark
becdies and by luminous ones, flies through
space with the velocity of light, and is cailed
radiant leat. Now, radiant heat may be
made a subtle and powerful explorer of
molecular condition, and of late years it
has given a new significance to the art of
chemical combination. Take, for example,
the air we breathe. Itis a mixture of oxygen
and nitrogen; and with regard to radiant
heat it behaves like a vacuum, being incom-
petent to absorb it in any sensible degree.
But permit the same two gases to unite
chemically; without any augmentation of the
quantity of matter, without altering the gase-
ous coundition, without interfering in any
way with the #ansparency of the gas, the
act of chemical uni-an is accompanied by an
enormous diminwdon of its diathermancy, or
perviousness to radiant heat. The reseaiches
which established this result also proved the
clementary gases generally to be highly
transparent to radiant heat. This, again,
led to the proof of the diathermancy of ele-
mentary Jiquids, like bromine, ant of so/u-
tions of the elements sulphur, phosphorus,
and iodine. A spectrum is now before you,
and you notice that this transparent bisul-
phide of carbon has no effect upon the colors,
Dropping into the liquid a few flakes of
iodine, you see the middle of the spectrum
cut away. By augmenting the quantity of
iodine, we invade the entire spectrum, and
finally cut it off altogether. Now, the iodine
which proves itself thus hostile to the light is
perfectly transparent to the ultra-red emis-
sion with which we have now to deal. It,
therefore, is to be our ray-filter.

Placing the alum-cell again in front of the
electric lamp, we assure ourselves, as before,_
of the utter inability of the concentrated
light to fire white paper. By introducing a
cell containing the solution of iodine, the
light is entirely cut off. On remov-
ing the alum-cel!, the paper at the dark focus
is inctantly set cn fire. Black paper is more
absorbent than white for these ultra-red rays;
and the consequence is, that with it the sud-
denness and vigor of the combustion are aug-

mented. Zinc is burnt up at the same place,
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while magnesium ribbon bursts into vivid
combustion A sheet of platinized platinum
placed at the focus is heated to whiteness.

ked at through a prism, the white-hot
platinum yields all the colors of the spectrum.
Before impinging upon the platinum,- the
waves were of too slow recurrence to awaken
vision; by the atoms of the platinum, these
long and sluggish waves are in part broken
up into shorter ones, being thus brought
within the visual range. At the other end of
the spectrum, Stokes, by the interposition of
suitable substances, /Jozwered the refrangivil-
ity so as to render the non-visual rays visual,
and to this change he gave the name of
Fluorescence.  Here, by the intervention of
the platinum, the refrangibility is raised, so
as to render the non-visual vistal, and to
this change we give the name of Calores-
cence.

At the perfectly invisible focus where these
effects are produced, the air may be as cold
asice. Air, as already stated, does not ab-
sorb the radiant heat, and is therefcre not
warmed by it. Dlace at the focus the most
sensitive air-thermometer : it is not affected
by the heat. Nothing could more forcibly
illustrate the isolation, if I may use the term,
of the luminiferous ether from the air. The
wave-motion of the one is heaped up, without
sensible effect, upon the other. I may add
that, with suitable precautions, the eye may
be placed in a focus competent to heat plati-
numto vivid redness, without experiencing
any damage, or the slightest sensation either
of light or heat.

These ultra-red rays play a most important
part in Nature. I remove the iodine filter,
and concentrate the total beam. A test-tube
containing water is placed at the focus : it
immediately begins to sputter, and in a min-
ute ortwo it foi/s. What boils it? Placing
the alum solutionin front of the lamp, the
boiling instantly ceases. Now, the alum is
pervious to all the luminous rays; hence it
cannot bethese rays that caused the boiling.
I now introduce the iodine, and remove the
alum ; vigorous ebullition immediately re-
commences. So that we here fix upon the
invisible ultra-red rays the heating of the wa-
ter. Weare enabled now to understand the
momentous part played by these rays in Na-
ture. 1tis to them that we owe the warming
and the consequent evaporation of the tropi-
cal ocean ; it is to them, therefore, that we
owe our rains and snows. They are
absorbed close to the surface of the

ogean, and warm the superficial water
while the Iluminous rays plunge to
great depths without producing any

sensible effect. Further, here is a large flask
containing a freezing mixture. Tke aqueous
vapor of the air has been condensed and
frozen on the flask, which is now covered
with a white fur. Introducing the alum-cell,
we place the coating of hoar-frost at the in-
teusely luminous focus ; not a spicula of the
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frost is melted. Introducing the jodine-cell,
and removing the alum, a broad space of the
frozen coating is instantly removed. Ilence
we infer that the ice which feeds the Rhone,
the Rhine, and cthet rivers which have
glaciers for their sources, is released from its
imprisonment upon the mountains by the
invisible ultra-red rays of the sun.

The growth of science is organic. The
end of to-day becomes to-morrow the means
to a remoter end. Lvery new discovery is
immediately made the basis of other discov-
eries, or of new methods of investigation.
About fifty years ago, (rsted, of Copen-
hagen, discovered the deflection of a mag-
netic needle by an electric current; and
Thomas Seebeck, of Berlin, discovered that
electric currents might be derived from heat.
Soon afterwards these discoveries were tarned
to account by Nobili and Melloni in the con-
struction of an apparatus which has vastly
augmented our knowledge of radiant heat.
The instrument is here. Itis called a ¢kermo-
electric pile; and it consists of thin bars of
bismuth and antimoay soldered together in
pairs at their ends, but separated from each
other elswhere. Irom the ends of this ‘‘pile”
wires pass to a coil of covered wire, within
and above which are suspended two magnetic
needles joined to a rigid system, and carefully
defended from currents of air. The heat,
then, acting on the pile, produces an electric
current ; the current, passing through the
coil, deflects the needles, and the magnitude
of the deflection may be made a measure of
the heat. The upper needle moves over a
graduated dial far too small to be seen. It
is now, however, strongly illuminated. Above
it is a lens which, if permitted, would form
an image of the needle and dial upon the
ceiling, where, however, it could not be con-
veniently seen. The beam is therefore re-
ceived upon a looking-glass, placed at the
proper angle, which throws the image upon
the screen. In this way the motions of this
small needle may be made visible to you all.

The delicacy of this instrument is such
that in a room like this it is exceedingly dif-
ficult to work with it. My assistant stands
several feet off. I turn the pile towards him:
the heat from his face, even at this distance,
produces a deflection of go°. I turn the in-
strument towards a distant wall, which I
judge to be alittle below the average temper-
ature of the room. The needle descends and
passes to the other side of zero, declaring by
this negative deflection that the pile feels the
chillof the wall. Possessed of this instrument,
of our ray-filter, and of our large Nicol prisms,
we are in a condition to investigate a subject
of great philosophical interest, and which
long engaged the attention of some of our
foremost scientific workers, Forbes being the
first successful one—the substantial identity
of light and radiant heat.

That they are identical in a// respects can-
not of course be the case, for if they wsre



they would act in the same manner upon all
instruments, the eye included. ‘Lhe identity
meant is such as subsists between one color
and another, causing them to behave alike as
regards reflection, refraction, double refrac-
tion, and polarization. Asregards reflection,
we may cmploy the looking-glass used in our
first lecture. }larking any point in the track
of the reflected beam, and cutting off the
light by the iodine, on placing the pile at the
marked point, the needle immediately starts
aside. This is truz for every position of the
mitror. So that both for light and heat the
same law of reflection holds good; for both
of them also the angular velocity of the re-
flected beam is twice that of the reflecting
mirror. Receiving thé beam on a concave
mirrer, it is gathered up into a cone of re-
flected .ight; marking the apex of the cone,
and cutting off the light, a moment’s expo-
sure of the pile at the marked point produces
a violert deflection of the needle. (See Fig.
23, where #z 72 is the mirror, P the pile, and
‘I’ the opaque solution.)

This beam of light now enters a right-
angled prism and is reflected at the hypothe-
nuse, in a direction perpendicular to its for-
mer one. ‘The reflection here is fofal. Cut-
iing off the light, we prove the reflection of
the heat to be total also. The formation of

=

&

Fig. 23.

invisible images by lenses and mirrors may
also be demonstrated. Concentrating the
beam, and cuttiny off the light, a: the dark
focus the carbon-points &wsn their images
through a sheet of black paper. Placing a
sheet of platinized platinum at the focus,
when the concentration is strong an incan-
descent image of the points is immediately
stamped upon the platinum.

And now for polarization and its attendant
phenomena.  Crossing our two Nicol prisms,
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B, C, Tig. 24, and placing ou: pile D be.
hind the analyzer, neither heat nor light
reaches it; the needle remains undeflect-
ed. Introducing the iodine, the slight.
est turning of either prism causes the
heat to pass, and to announce it-
self by the deflection of the needle. Like
iight, therefore, heat is polarized. Crossing
the Nicols agzin, the heat is intercepted and

Fle. 1243

the needle returns to zero. Plunging inte
the dark space between the prisms our plate
of mica, the needle instantly starts off, show-
ing that the mica acts upon the heat as it did:
upon the light: we have in both cases the.
same resolution and recompounding of vi-
brations. Removing the mica, the necedle:
falls to zero ; but, on introducing a plate of
quartz between the prisms, the consequent
deflection declares the circular polarization of
the heat. For double refraction it is neces~
sary that our images should not be too large:
and diluted: here are the two disks pro-
duced by the splitting of the beam in Ice-
land spar. Marking the positions of the disks.
and cutting off thc light, the pile finds in its:
places two heat-images. The needle row
stands near 90°, and, on turning the spar,.
the deflection remains constant. Transfer-
ring the pile to the other image, the deflecs.
tion of go° is maintained; but on turring
the spar the needle now falls to zero. The:
reason is manifest. Permitting the light to.
pass, we find the luininous disk at some dis-
tance from the pile. We are dealing, in
fact, with the cxtraordinary Beam which
rotates round the ordinary  So that for reat
as well as for light we have double. refraction,
and also an ordinary and extraofélinary ray..
(In the adjacent figure, which shows the ex-

perimental arrangement, N is the nozzle ¢f
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the electric lamp, L a converging lens, B the

bircfracting spar, and P the thermo-electric
ile.

s If)time permitted we might finish the series

of demonstrations by magnetizing a ray of

heat as we magnetized a ray of light.

We have finally to determine the position
and magnitude of the invisible radiation
which produces these results. For this pur-
pose we employ a particular form of the
thermo-electric pile. Its face is a rectangle,
which by movable side-pieces can be ren-
dered as narrow as desirable. Throwinga
concentrated spectrum upon a screen,
by means of an endless screw, we move this,
rectangular pile through the entire spectrum.
Its surface is blackened so that it absorbs all
the light incident upon it, converting it into
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a curve which exhibits the distribution of
heat in our spectrum. It is represented in
the adjacent figure. Beginning at the blue,
the curve rises, at first very gradually; then,
as it approaches the red more rapidly, the
line CD representing the strength of the ex-
treme red radiation. DBeyond the red it shoots
upwards in a steep and massive peak to B,
whence it falls, rapidly for atime, and after-
wards gradual'y fading from the perception
of the pile. ‘I'his figure is the result of
more than twelve careful series of measure-
ments, for cach of which the curve was con-
structed. On superposing afl these curves,
a satisfactory agreement was found to exist
between them. So that it may safely be
concluded that the areas of the dark and
white spaces respectively represent the rela-

heat, and thus enabling it to declare its power
by the defleetion of the magnetic needle.
When this instrument is brought to the
violet end of the spectrum, the heat is found
to be almost insensible. As the pile grad-
ually moves from the violet towards the red,
it encounters a gradually augmenting heat.
The red itself - possesses the highest heating
power of all the colors of the spectrum.
Pushing the pile into the dark space beyond the
red, the heat rises suddenly in intensity,and,at
some distance beyond the red, attains a max-
imum. From this point the heat falls some-
what more rapidly than it rose, and afterwards
gradually fades away. Drawing an hori-
zontal line to represent the lengsh of the
spectrum, and erecting along it, at various
points, perpen i
tothe heat existing at those points,

tive cnergies of the visible and invisible
radiation. The one is 7.7 times the other.
But in verification, as alrcady stated, con-
sists the strength of science. Dctermining
in the first place the total emission from the
clectric lamp; then by means of the iodine
filter determining the ultra-red emission ; the
difference between both gives the luminous
emission. In this way, it was found that the
energy of the invisible emission is eight times
that of the visible. No two methods could
be more opposed to each other, and hardly
any two results could better harmonize. I
think, therefore, you may rely upon the ac-
curacy of the distribution of heat here as-
signed to the prismatic spectrum of the elec-
tric light. There is nothing vague in the

diculars proportional in length | mode of investigation, nor doubtful in its
we obtain ' conclusions.
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Spectrum of Flectric Iaght,
1, 26,
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- four Stewart, the blacker the body the
MELTURE VE brighter will be its light when incandescent.
BAGAStet- of Speetrum: Analysiss. Solar: Chemmistey: Still, refractory as carbon is, if we c]o_sely ex-'
Summary and Conclusions. amine our voltaic arc, or stream of light be-
" tween the carbon-points, we should find there
. We have employed. as our source of light |incandescent carbon.vapor. We might also
in these lectures, the ends of two rods of coke | detach the light of this vapor from the more
rendered incandescent by electricitv. Coke | dazzling light of the solid points, and obtain
is particularly suitable for this purpose, be- | its spectrum. This would be not only less
cause it can bear intense heat without fus on | brilliant, but of a totally different character
or vaporization. It is also black, which |from the spectra that we have already secn.
-helps the light; for, other circumstances be- | Instead of being an unbroken succession of
ing equal, as thown experimentally by Bal- | colors from red to violet, the carbon.vaper
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would yield a few bands of color with spaces
of darkness between them.

What is true of the carbon is true in a still
more striking degrec of the metals, the most
refractory of which can be fused, boiled, and
reduced to vapor by the electric current,
From the incandescent vapor the light, as a
general rule, flashes in groups of rays of
definite degrees of refrangibility, spaces ex-
isting between group and. group, which are
unfilled by rays of any kind. DBut the con-
templation ‘'of the facts will render this sub-
ject more intelligible than words can makeit.
Within the camera is now placed a cylinder
of carbon hollowed out at the tcp to receive
a bit of metal; in the hollowis placed a frag-
ment of the mcztal thallium, and now you see
the arc of incandescent thallium-vapor upon
the screen. 1t is of a beautiful green color.
What is the meaning cf that green? We
answer the question by subjecting the iight
to prismatic analysis. Ilere you have its
spectrum, consisting of a single refracted
band. Light of one degree of 1efrangibility,
and that corresponding to green, is emitted
by the thallium-vapor.

We will now remove the thallium and put
a bit of silver in its place. The arc of silver
is not to be distinguished from that of thal-
lium; it is not only green, like the thallium-
vapor, but the same shade cf green. Are
they, then, alike? Prismatic analysis en-
ables us to answer the question. It is per-
fectly impossible to confound the spectrum
«f incandescent silver vapor with that of
thallinm. Here are two green bands instead
of one. Adding to the silver in our camera
2 bit of thallium, we obtain the light of both
metals, and you see that the green of the thal-
Jium lies midway between the two greens of
the siiver. Hence this similarity of color.

But you cbserve another interesting fact.
The thallium band is now far brighter than
the silver bands ; indeed, the latter have won-
derfully degencrated since the bit of thallium
was put in. They are not at all so bright as
they were at first, and for a reason worth
knowing. Itis the sesistance offered to the
passage of the electric current from carbon
to carbon that calls forth the power of the
current to produce heat. If the resistance
were materially lessened, the heat would be
materially lessened; and, if all resistance
werc abolished, there would be no heat at
all. Now, thallium is a much more fusible
and vaporizable metal than silver; and its
vapor facilitates the passage of the current to
such a degree as to render it almost incom-
petent to vaporize the silver. DBut the thal-
lium is gradually consumed; its vapor di-
minishes, the resistance rises, until finally
you see the ‘two silver bands as brilliant as
they were at first. The three bands of the
two metals are now of the same sensibie
brightness.

"We have in these bands a perfectly unal-
terable characteristic of these two metals.
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You never get other bands than these two
green ones from the silver, never other than
the single green band from the thallium,
never other than the three green bands from
the mixture of both metals. Every known
metal has its bands, and in no known case
are the bands of two different metals al:ke.
Ilence these spectra may be made a test for
the presence or absence of any particular
metal, If we pass from the metals to their
alloys, we find no confusion. Copper gives
us green bands, zinc gives us blue and red
bands; brass, an alloy of copper and zine,
gives us the bands of both metals, perfectly
unaltered in position or character.

Dut we are not confined to the metals ; the
salts of these metals yield the bands of the
metals. Chemical union is ruptured by a
sufficiently high heat, the vapor of the metal
is set free and yields its characteristic bands.
The chiorides of the metals arc particularly
suitable for experiments of this character.
Common salt, for example, is a compound of
chlor ne and sodium ; in the electric lamp, it
yields the spectrum of the metal sodium.
The chlorides of lithium and ef strontium
yield ia like manner the bands of these
metals. When, therefore, Bunsen and Kirch-
hoff, the celebrated founders of spectrum
analysis, after having established by an ex-
haustive examination the spectra of all known
substances, discovered a spectrum containing
bands different from any known bands, they
immediately inferred the existence of a new
metal. They were operating at the time
upon a residue obtained by evaporating one
of the mineral waters of Germany. In that
water they knew the new metal was con-
cealed, but vast quantities of it had to be
evaporated before a residue could be obtained
sufficiently large to enable ordinary chemistry
to grapple with the metal. DBut they hunted
it down, and it now stands among chemical
substances as the metal Awbidium, They
subsequently discovered a second metal,
which they called Cesizm. Thus, having
first placed spectrum analysis on a safe foun-
dation, they demonstrated its capacity as an
agent of discovery. Soon af.erwards Mr,
Crookes, pursuing this same method, ob-
tained the salts of the thallium which yielded
that bright monoc-romatic green bard. The
metal itself was first isolated by a French
chemist.

All this relates to chemical discovery upon
earth, where the materials are in our own
hands. But Kirchhoff showed how spectrum
analysis might be applied to the investigation
of the sun and stars, and on Lis way to this
result he solved a problem which had been
long an enigma to natural philesophers. A
spectrum is pure in which the colors do not
overlap each other. We purify the spectrum
by making our slit narrow and by augment-
ing the number of our prisms. When a pure
spectrum of the sun has been obtained in
this way it is feund to be furrowed by in-
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numcrable dark lines.
nrst seen by Dr. Wollaston, but they were
alterwards multiplied and measured by Fraun-,
hefer with such masterly skill that they are
now universally known as Iraunhofer’s lines.
To give an explanation of
these lines was, as [ have said,
a problem which long chal-
lenged the attention of philos-
ophers. (The principal lines
¢ | arelettered according te Fraun-
hofer in the annexed sketch of
the solar spectrum. A, it may
be stated stands near the ex-
treme red, and J ncar the
extreme violet.)

Now, Kirchhoff had made
thoroughly clear to his mind
the princ ples which linked to-
gether the emission of light
and the absorption of light;
he had proved their insepara-
bility for cach particular kind
of light and heat. He had
t proved, for every specific ray
of the spectrum, the doctrine
that the body emitting any ray
absorbed with special cnergy a
ray of the same refrangibility.
Consider, then, the effect of
knowl:dge, such as you now
possess, upon a mind prepared
like that of Kirchhoff. We
have seen the incandescent va-
pors of metals emitting defi-
nite groups of rays; accord-
ing to Kirchhoff’s principle,
those vapors, if crossed by solar
light, cught to absorb :ays of
the same refrangibility as those
which they emit. He proved
this to bs the case; he was
able, by the interposition of a
vaper, to cut out of the solar
spectrum the band correspond-
ing in color to that vapor.
Now. the sun possesses a pho-
tosphere, or vaporous enve-
lope—doubtless mixed with vi-
olentlv agitated clouds—and
Kirchhoff saw that the power-
ful rays coming from the solid, or the
molten nucleus of the sun, must be inter-
cepted by this vapor. One dark band of
Fraunhof.r, for example, occurs in the
yellow of the spectrum. Sodium vapor is
demonstrably competent to produce that dark
band ; hence Kirchhoff inferred the exist-
ence of sodium-vapor in the atmosphere of
,the sun. In the case of metals, which emit
a large number of bands, the absolate coi -
¢ dence of every bright band of the metal,
with a dark Fraunhofer line, raises to thc
Lighest degree of certainty the inference that
the metal is present in the atmosphere of the
sun. In this way solar chemistry was found-
el on spectrum analysis,

A B C

Fic. 27.

Folr of them were A

‘into the flame,

L3

43

But let me not skim, so lightiy over this
great subject. I have spoken of emis-
sion and absorption, and of the link that
binds them. Lct me endeavor to make plain
to you, through the analogy of sound, their
physical meaning. I draw a fiddle-bow across
this tuning-fork, and it immediately fills the
room with a musical sound; this may be re-
garded as the 7aiation or emissior of sound
from the fork. A few days ago, on scunding
this fork, I noticed that, when its vibrations
were quénched, the sound seemed to be con-
tinued, though more feebly. The sound ap-
peared to come from under a distant table,
where stood a number of tuning-forks of dif-
ferent sizes and rates of vibration. One of
these, and one only, had been started by the
fork, and it was one whose rate of vibration
was the same as that of the fork which
started it. ~ This is an instance of the ai-
sorption of sound of one fork by .another.
Placing two forks near each other, sweeping
the bow over one of them, and then quench-
ing the agitated fork, the other continues ta
sound. Placing a cent-piece on each prong
of one of the forks, we destroy its perfect
synchronism with the other, and then no com-
munication of sound from the one tothe other
is possible.

1 will now do with Z/¢/#what has been here
done withsound. Placing a tin speon con-
taining sodium in a Bunsen’s flame, we eb-
tain this intensely yellow light, which corre-
sponds in refrangibility with the yellow band
of the spectrum. Like our tuning-fork, it
emits waves at a special period. I will send
the white light from our lamp through that
flame, and prove before you that the yellow
flame intercepts the yellow oi the spesctrum
S S, Fig. 28; in other words, absorbs w:oves
of the same period as its own, thus produc-
ing, to all intents and purposes, a dak
Fraunhofer’s band in the place of the yellow.
(A Bunsen’s flame contained within the chim-
ney Cis placed in front of the lamp L. The
tin spoon with its pellet of sodium i plunged
Vivid combustion soon scts
in, and, when ¥t does, the yzllow of the Spece
trum, at D,is furrcwed by a dark band.
Withdrawing and introducing the sodium.
flame in rapid succession, the sudden disap.
pearance aid reappearance of the strip of
darkness are ebserved).

Mentally, as well as physically, every age
of the world is the outgrowth and offspring
of all preceding ages. Science proves itsclt
to be a genuine product of Nature by grow-
ing accordiag to this law. We have no sc-
lution of continuity here. Every great dis-
covery has been duly prepared for in twa
ways: first, by other discoveries which form
its prelude; and, secondly, through ' the
sharpening, by exercise, of ‘the intellectual
instrument itself. Thus Ptolemy grew ou:
of Hipparchus, Copernicus out of both, Kep-
ler out of all three, and Newton out of all
the four. Newton did not rise suddenly from
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the sea-level of the intellect to his amazing
elevation. At the time that he appeared, the
“table-land of knowledge was already high.
He juts, it is true, above the table-land, as a
massive peak; still he is supported by it, and
a great part of his absolute height was the
Leight of humanity in his time. It is thus

BeCg2n,

»'ta the discovyies of Kirchhoff. Much had
beca previousiy accomplished; this he mas-
tered, and the.s by the force of individual
genius went boyond it.  He replaced uncer-
tainty by certainty, vagueness by definite-
ness, confusion by cvder; and I do not think
that Newton has a si er claim to the discov-
ciies that have made h's name immortal than
Kirckhoff has to the credit of gathering up the
fragmentary knowledge of his time, of vastly
extendieg it, and of infusing into it the life
of great principles. Splentid results have
since been obtained with which the names of
Janssea, IHuggins, Lociysr, Respighi,
Young, and others, are honorably associated,
out, splendid as they are, they are but the
sequel and application of the principles es-
tablished in his Heidelberg laboratory by the
celebrated German investigator,

SUMMARY AND CONCLUSI\*N

My desire in these lectures hes been to
show you, with as little breach of cont.nuity
as possible, the past growth and p-esent as-
pect of a department of science, ‘n waich
bave labored some of thz gre:test iatellccts
tae world has ever seen. My {riend Profes-
sor Henry, in introducing me at Washington,
spoke of me as an apaostle; but theonl: apos-
tolate that I intended to fulfil was to place, |
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in plain words, my subject before you, and to
permit its own intrinsk: attrsctions to act up-
on your minds. In the way of experiment, I
have tried to give you the best which, under
the circumstances, could be provided; but I
have sought to confer on each experiment a
distinct intellectual valie, for experiments
ought to be the representatives and exposi-
tors of thought—a language addressed to the
eye as spoken words are to the ear. If as-
sociation with its context, nothing is more
impressive or instructive than a fit experi-
ment; but, apart from its context, it rather
suits the conjuror’s purpose of surprise than
that purpose of education which ought to be
the ruling motive of the scientific man.

And now a brief summary of our work
will not be out of place. Our present mas-
tery over the laws and phenomena of light
has its origin in the desire of man to Ao,
We have seen the ancients busy with this
problem, but, like a child who uses his arms
aimlessly for want of the nccessarv muscular
exercise, so these early men speculated vague-
ly and confusedly regarding light, not having
as yet the discipline needed to give clearness
to their insight, and firmness to their grasp
of principles. They assured themselves of
tho rectilineal propogation of light, and that
the angle of incidence was equal to the angle
of reflection. For more than a thousand
years—I might say, indeed, for more than
fitteen hundred years subsequently — the
scientific intellect appears as if smitten with
paralysis, the fact being that, during this
time, the mental force, which might have run
in the direction of science, was diverted in-
.0 other directions.

The course of investigation as regards
light was resumed in 1100 by an Arabian
pailosopher named Alhazan. Then it was
taken up in succession by Roger Bacon, Vi-
tellio, and Kepler. These men, though fail-
ing to detect the principle which ruied the
facts, kept the fire of investigation cons.antly
burning. Then came the fundamental dis-
covery of Snell, that corner-stone of optics,
as I have already called it, and immediately
afterward we have the application by Des-
cartes of Snell's discovery to the cxpianaticn
of the rainbow. Then came Newton's
crowning experiments on the analysis and
synthesis of white light, by which it was
proved to be compounded of various kinds
of light of different degrees of refrangibiiity.

In 1676 an impulse was given to optics by
astronomy. In that year Olaf Roemer, a
learned Dane, was engaged at the Observa-
tory of Paris in observing the eclipses of Ju-
piter's moons. 1le converted them into so
many signal-lamps, quenched when they
plunged into the shadow of the planet, and
rclighted when they emerged from the shadow.
They enabled him to prove that light
requires time to pass through space, and to
assign to it the astounding velocity of 19o,-
000 miles a second. Then came the Euglish
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astronomer,  Bradley, who noticed that \the
fixed stars did not really appear to be fixed,
but describe in the heavensevery year a little
orbit resembling the ecarth’s orbit. The re-
sult perplexed him, but Bradley had a mind
open to snggestion, and capable of secing, in
the smallest fact, a picture of the largest. He
was one day upon the Thames in a beat, and
noticed that, as long as his course remained
unchanged, the vane upoa his mast-head
showed the wind to be blowing constantly in
the same direction, but that the wind ap-
peared to vary with every change in the di-
rection of his boat. ‘‘ Here,” as Whewell
say-, ‘‘was the image of his case. The boat
was the earth, moving in its orbit, and the
wind was the lightof a star.”

We may ask in passiag, what, without the
faculty which formed the ‘‘image,” would
Bradley’s wind and vane have been to him?

*A wind and vane, and nothing more. You
will immediately understand the meaning of
Bracley’s discovery. Imagine yourself in a
motionless railway-train with a shower of rain
descending vertically downward. The mo-
meunt the train begins to move, the rain-drops
begin to sfant, and the quicker the train the
greater is the obliquity. In a precisely sim-
tlat manner the rays from a star vertically
overhead are caused to slant by the motion of
the earth through space. Knowing the
speed of the train, and the obliquity of the
falling rain, the velocity of the drops
may be calculated ; and knowing the: speed
of the earth in her orbit, and the obliquity of
the rays due to this cause, we can calculate
just as easily the velocity of light. Bradley
did this, and the ‘‘aberration of light,” as his
discovery is called, enabled him to assign to
it a velocity almost identical with that de-
duced by Roemer from a totally different
method of observation. Subsequently Fizeau,
employing not planetary or stellar distances,
but simply the breadth of the city of Paris,
determined the veloci y of light : while after
him Foucault—a man of the rarest mechanical
genius—solved the problem without quitting
his private room.

Up to his demonstration of the composition
of white light, Newton had been everywhere
triumphant—triumphant in the heavens, tri-
umphant on the earth, and his subsequest
experimental work is for the most part of
immortal value. But infallibility is not the
gift of man, and, soon after his discovery of
the nature of white light, Newton proved
nimself human. He supposed that refraction
and disper-ion went hand in hand, and that
you could not abolish the one without at the
same time abolishing the other. Here Dol-
land corrected him  But Newton committed
a graver error than this. Science, as 1
sought to make clear to you in our second
lecture, is only in part a thing of the senses.
The roots of phenomena are embedded in a
region beyoad the reach of the sen es, and
less than the root of the matter will never

Jand spar.
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satisfy the scientific mind. We find, accord-
ingly, in this career of optics, the greatest
minds constantly yearning to pass from the
phenomena to their causes—to explore them
to their hidden roots. They thus entered
the region of thcory, and here Newton,
though drawn from time to time towards the
truth, was drawn still more strongly towards
the error, and made it his substantial choice.
His experiments are imperishable. but his
theory has passed away. For a century it
stood like a dam across the course of discov-
ery; but, like all barricrs that rest upon
authority, and no. upon truth, the pressure
from behind increased, and eventually swept
the barrier away. ‘This, as you know, was
done mainly through the lubors of Thomas
Young, and his iilustrious Irench fellow-
worker Fresnel.

In 1808, Malus, looking through Tceland
spar at the sun reflected from the window of
the Luxembourg Palace in Daris, discovered
the polarization of light by reflection. In
1811 Arago discovered the splendid chro-
matic phenomena which we have had illus-
trated by plates of gypsum iz polarized lignt ;
he also discovered the rotation of the planz
of polarization by quartz-crystals. In 1813
Seebeck discovered the polarization of lignt
by tourmaline. That same year DBrewscer
discovered those magnificent bands of color
that surround the axes of biaxal crystals. 1In
1814 Wollaston discovered the riags of Ice-
All these effects, which, without
a theoretic clue, would leave the human
mind in a hopeless jungle of phenomena
without harmony or relation, were orgaaically
connected by the theory of undulation. The
theory was applied and verified in all direc-
tions, Airy being especially conspicuous for
the severity and conclusiveness of his proofs.
The most remarkable verification fell to the
lot of the late Sir William Hamilton, of Dub-
lin, a profound mathematician, who, taking
up the theory where Fresnel bad left it, ar-
rived at the conclusion that, at four spaciul
points at tihie surface of the ether-wavein
double-refracting crystals, t1e ray was divided
not into two parts, but into an infinite num-
ber of parts; forming at these points a con-
tinuous conical envelope instead of two
images. No human eye had ever seen this
envelope when Sir William Ilamilton inferred
its existence. Turning to his fri nd Dr.
Lloyd, he asked him to test experimentally
the truth of his theoretic conclusion. Lloyd,
taking a crystal of arragonite, and following
with the most scrupulous exactness the indi-
cations of theory, cutting the crystal wheie
theory said it ought to be cut, observing it
~here theory said it ought to be observed,
found the luminous envelope which had pre
viously been a mere idea in the mind of the:
mathematician.

Nevertheless this great theory of undula.
tion, like many another truth, which 11 the
long-rua has proved a blessiig t)» humanity.
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had to establish, by hot conflict, its right to
existence. Great names were arrayed against
it., It had been enunciated by Hooke, 1t had
been applied by luyghens, it had been de-
fended by Euler. Bat they made no impres-
sion. And, indeed, the theory in their hands
was more an analogy than a demonstration.
1t first took the form of a demonstrated verity
in the hand of Thomas Young. Ile brought
the waves of light to bear upon each other,
causing them to support each other, and to
extinguish each other at will. From their
1autual actions he determined their lengths,
and applied his determinations in all direc-
tions. Ie showed t atthestanding difficulty
of polarization might be embraced by the
theory. After him came Fresnel, whose
transcendent mathematical abilities enatled
him to give the theory a generality unattained
by Young. Ie grasped the theory in its
entirety ; followed the ether into its eddics
and estuaries in the hearts of crystals of the
most complicated structure, and into bodies
subjected to strain and pressure. He showed
that the facts discovered by Malus, Arago,
Brewster, and Biot, were so many ganglia,
so to speak, of his theoretic organism, deriv-
ing from it sustenance and explanation.
With a mind too strong for the body with
which it was associated, that body became a
wreck long before it had become old, and
Fresnel died, leaving, however, behind him a
name immortal in the annals of science.

Oue word more I should like to say regard-
ing Fresnel. There are things, ladies and
gentlemen, better even than science. There
are matters of the character as well as matters
of the intellect, and it is always a pleasure to
those who wish to think well o1 human na-
ture, when high intellect and upright charac-
ter are combined. They were, I believe,
combined in this young Frenchman. In
thos: hot conflicts of the undulatory theory,
he stood forth as a man of integrity, claiming
no more than his right, and ready to concede
their rights to others. lle at once recognized
and acknowledged the merits of Thomas
Young. Indeed, it was he, and his fellow-
countryman Arago, who first startled England
into the consciousness of the injustice done
to Young in the Zdinburgh Reveiew. 1 should
like to read you a brief extract from a letter
written by Fresnel to Young in 1824, as it
throws a pleasant light upon the character of
the Frenc philosopher. ** Foralong time,”
says Fresnel, ‘‘that sensibility, or that
vanity, which people call love of glory, has
been much blunted in me. I labor much
less to catch the suffrages of the public than
to obtain that inward approval which has
always been the sweetest reward of my efforts.
Without doubt, in moments of .disgust and
discouragement, I have often needed the spur
of vanityto excite me to pursue my researches.
But all the compliments I have received from
Arago, De la Place, and Biot, never gave me
.50 muck pleasure as the discovery of a theo-
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retic truth, or the confirmation of a calcufa-
tion by experiment.”

‘This, ladies and gentlemen, is the core of
the whole matter as regards science. It
must be cultivated for its own sake, for the
pure love of truth, rather than for the ap-
plause or profit that it brings. And now my
occupation in America is wellnigh g-ne
Still T will bespeak your tolerance for a few
concluding remarks in reference to the men
who have bequeathed to us the vast body of
knowledge of which I have sought to give
you some faint idea in these lectures. What
was the motive that spurred them on? what
the prize of their high calling for which they
struggled so assiduously? \hat urged them
to those battles and those victories over reti-
cent Nature which have become the heritage
of the human race? It is never to be for-
go'ten that not one of those great investiga-
tors, from Aristotle down to Stokes and
Kirchhoff, had any practical end in view,
according to the ordinary definition of the
word ‘*practical.” They did not propose to
themselves money as an end, and knowledge
as a means of obtaining it. For the most
part, they nobly reversed this process, made
knowledge their end, and such money as
they possessed the means of obtaining it.

We may see to-day the issues of their
work in a thousand practical forms, and this
may be thought sufhcient to justify it, if not
ennoble their efforts. But they did not work
for such issues ; their reward wasof a totally
different kind. We love clothes, we love
luxuries, we love fine equipages, we love
money, and any man who can point to these
as the result of Lis efforts in life justifies
these efforts before all the world. In Ameri-
ca and England more especially he is a
‘‘ practical ” man. But I would appeal con-
fidently to this assembly whether such things
exhaust the demands of human nature? The
very presence here for six inclement nights
of this andience, embodying so much o. the
mental force and refinement of this great
city, is an answer to my questicn I need
not tell such an assembly that there are joys
of the intellect as well as joys of the body,
or that these pleasures of the spirit consti-
tuted the reward of our great investigators.
Led on by the whisperings of natural truth,
through pain and seli-denial, they often pur-
sued their work, With the ruling passion
strong in death, some of them, when no
longer able to hold a pen, dictated to their
friends the result of their labors, and then
rested from them forever.

Could we have seen these men at work
without any knowledge of the conseqrences
of their work, what should we have thought
of them? T'o many of their contemporaries
it would have appeared simply ridiculous to
sce men, whose names are now stars in the
firmanent of science, straining their atten-
tion to observe an cffect of experiment al-
most too minute for detection. To the un-.
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initiated, they might wsll appear us big|tion. You arc delighted, and vith good

children playing with cot very amusing toys.
Itis soto this hour. Could you watch the
true investigator—your Henry or your Dra-
per, for example—in his faboratory, ualess
znimated by his spirit, you could hardly un-
derstand what kceps him there. Many of
the objects which rivet his attention might
appear to you utterly tiivial ; and, if you were
.0 step forward and ask him what is the zse of
his work, the chacces are that you would
confound him. Ife miglit not be able to
express the use of it in intelligible, terms.
He might not be able to assure you that it
will put a dollar into the pocket of any
Luman being living or to come. That
scientific discovery méay put not only dollars
into the pockets of individuals, but millions
into the exchequers ot nations, the history of
science amply proves ; but the hope of its
doing so never was and never can be the
motive power of the investigator.

I know that I run some risk in speaking
thus before practical men. 1 know what De
Tocqueville says of you. ‘' The man of the
North,” he says, ‘‘has not only experience,
but knowledge. Ie, however, does not care
for science as a pleasure, and only embrices
t with avidity when it leads to useful appli-
cations.” But what, I would ask, are the
hopes of useful applications which have
drawn you so many times to this place in
:pite of snow-drifts and biting cold? What,
1 may ask, is the origin of that kindness
which drew me from my work in London to
address you here, and which, if I permitted
it, would send me hom= a millionaire? Not
because I had taught you to make a single
cent by science, am I among you to-night,
but because I tricd to the best of my ability
0 present science to the world zs an intellec-
tual good. Surely no two terms were ever
so distorted and misapplied with refe.ence to
man in his higher relations as these terms
uscful and practical. As if there were no
nakedness of the mind to be clothed as well
as nakedness of the body—no hunger and
thirst of the intellect to satisfy. Let us ex-
pand the definitions of these terms until they
embrace all the needs of man, his highest in-
tellectual needs inclusive. 1t is specially on

this ground of its administering to the higher |

needs of intellect, it is mainly because I be-
lieve it to be wholesome as a source of know-
ledge, and as a means of discipline, that 1
urge the claims of science this evening upon
your attention.

But, with reference to material needs and
joys, surely pure science has also a word to
say. People sometimes spzak as if steam had
not been studied beforc James Watt, or clec-
tricity before Wheatstone and Morse ; where-
as, in point of fact, Watt and \Vheatstone
and Morse, with all their practicality, were
the mere outcome of antecedent forces, which

acted without reference to practical ends. !

reason, with your electric telegrs ghs, prcud
of your stcam-engines and your factories,
and charmed with the productions of pho-
tography. You see daily, with just clation,
the creation of new forms of industry—
new powers of adding to the wealth and
comfort of society. Industrial England is
heaving with forces tending to this end, and
the pulse of industry beats still stronger in
the United States. . And yet, when analyzed,
what are industrial America and industrial
England? If you can tolerate freedom of
speech on my part, I will answer this ques-
tion by an illustration. Stiip a strong arm,
and regard the knotted muscles when the
hand is clenched and the arm bent. Is this
exhibition nf energy the work of the muscle
alone? By no means. The muscle is the
channel of an influence, without which it
would be as powerless as a lump of plastic
dough. Tt is the delicate unsecn nerve that
unlocks the power of the muscle. And,
without those filaments of genius which have
been shot like nerves through the body of
society by the original discoverer, industrial
America and industrial England would, I
fear, be very much in the condition of that
plastic dough.

At the present time-there is a cry in Eng-
land for technical education, and it is the ex-
pression of a true national want; but there
is no cry for original investigation. Still
without this, as surely as the stream dwind!les
when the spring dries, so surely will *‘tech-
nical education” lose all force of growth, all
power of reproduction. Our great investi-
gators have given us suificient work for a
time , but, if their spirit die out, we shali
find ourselves eventually in the condition of
those Chinese mentioned by De Tocqueville,
who, having forgotten the scientific origin of
what they did, were at length compeiled to
copy without variation the inventions cf an
ancestry who, wiser than themselves, had
drawn their inspiration direct from Nature.

To keep society as regards science in
healthy play, three classes of workers are
necessary : Firstly, the investigator of natural
truth, whose vocation it is to pursue that
truth, and exterd the field of discovery for
the truth’s own sake, and without reference
to practical ends. Secondly, the teacher of
natural truth, whose vocation it is to give
public diffusion to the knowledge already won
by the discoverer. Thirdly, the applier of
natural truth, whose vocation it is to make
scientific knowledge available for the needs,
comforts, and luxuries of life. These three
classes ought to coexist and interact. Now,
the popular notion of science, both in this
country and in England, often relates, not to
science strictly so called, but to ths applica-
tions of science. Such applications, espce
cially on this continent, are so astounding—
they spread themselves so largely and um-

This also, I think, me its a moment's atten- ! bragcously before the public cyc—as to shut
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out from view those workers who are engaged
in the quicter and profounder business of
original investigation.”

‘Take the electric telegraph as an example,
which has been repeatedly forced upon my
attention of late. I am not here to attenuate
in the slightest degree the services of those
who, in England and America, have given
the telegraph a form so wonderfully fitted for
public use. They earned a great reward,and
assuredly they have received it. But I should
be untrue to you and to myself if I failed to
tell you that, however high in particular re-
spects their claims and qualities may be, prac-
tical men did not discover the electric tele-
graph. The discoveryof the electric telegraph
implies the discovery of electricity itself, and
the development cf its laws and phenomena.
Such discoveries are not made by practical
men, and they never will be made by them,
because their minds are beset with ideas
which, though of the highest value from one
point of view, are not those which stimulate
the original discoverer. 3

The ancients discovered the electricity of
amber; and Gilbert, in the year 1600, ex-
tended the force to other bodies. Then fol-
lowed other inquirers, your own Franklin
among the number. But this form of elec-
tricity, though tried, did not come into use
for telegraphic purposes. Then appeared the
great ltalian, Volto, who discovered the
source of electricity, which bears his name,
and applied the most profouna iasight and
the most delicate experimental skill to its de-
velopment. Then arose the man who added
to the powerscf his intellect all the graces of
the human heart, Michael Faraday, the dis-
coverer of the great domain of magneto-
electricity. (Ersted discovered the deflection
of the magneticneedle, and Arago and Stur-
geoa the magnetization of iron by the elec-
tric current. The voltaic circuit finally found
its theoretic Newton in Ohm, while Henry,
of Princeton, who had the sagacity to recog-
nize the merits of Ohm while they were still
decried in his own country, was at this time
in the van of experimental inquiry.

In the works of these men you have all
the materials employed at this hour in all the
forms of the electric telegraph. Nay, more ;
Gauss, the celebrated astronomer, and Weber,
the celebrated natural philosopher, both pro-
fessors in the University of Gottingen, wish-
ing to establish a rapid mode of communication
between the observatory and the physical
cabinet of the university, did this by means
of an electric telegraph.  The force, in
short, had been discovered, it laws investi-
gated and made sure, the most complete
mastery of i's phenomena had been attained,
nay, its applicability to teleg.aphic purposes
demonstrated, by men whose sole reward for
their labors was the noble joy of discovery,
and before your practical men appeared at
all upon the scene.

Are we to ignore all this? We dosoat
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our peril. For I say agaia, that, behind all.
your practical applications, there is a region
of intellectual action to which practical men
have rarely contributed, but from which they
draw all their supplies. Cut them off from
this region, and they become eventually help-
less. In no case is the adage truer, “*Other
men labored, but ye are entered in o their
labors,” than in the case of the discoverer
and the applier of natural truth. But now a
word on the other side. While 1 say that
practical men are not the men to make the
necessary antecedent discoveries, the cases
are rare in which the discoverer knows how
to turn his labors to practical account. Dif-
ferent qualities of mind and different habits
of thought are needed in the two cases; and,
while I wish to give emphatic utterance to
the claims of those whose claims, owing to
the simple fact of their intellectual -elevation,.
ar: often misunderstood, I am not here to
exalt the one class of workers at the expense
of the other, They are the necessary supple-
ments of each other; but remember that one
class is sure to be taken care of. All the ma-
terial rewards of society are already within
their reaca; but it isat our peril that we neg-
lect to provide opportunity for those studies
and pursuits which have no such rewards,
and from which, therefore, the rising geniug
of the country is incessantly tempted away.

Pasteur, one of the most eminent members
of the Institute of Fiance, in accounting for
the disastrous overthrow of his country and
the predominance of Germany in the late
war, expresses himself thus: ‘* Few persons
comprehend the real origin of the marvels of
industry and the wealth of nations. I need
no further proof of this than the employment,
more and more {requent in official language,
and in writing of all sorts, of the erroneoas
expression applied science. The abandon-
ment of scientific ¢ reers by men capable oi
pursuing them with distinction was recently
complained of in the presence of a minister
of the greatest talent. This statesman en-
deavored to show that we ought not to be
surprised at this result, because iz owur day
the reign of theoretic science yielded place ta
that of applied science, Nothing could be
more erroneous than this opinion, nothing, I
venture to say, more dangerous, even to
practical life, than the consequences which
might flow from these words. They have
rested on my mind as a proof of the imperi-
ous necessity of reform in our superior edu-
cation. There exists no category of the
sciences to which the name of applied science
could be given. e lave sciznce, and (e
applications of science which are united to-
gether as the tree and its fruit.”

And Cuvier, the great comparative anato-
mist, writes thus upon the same theme:
*“ These grand practical innovations are the
mere applications of truths of a higher order,
not sought with a practical intent, butwhich

 were pursued for their own sake, and solely
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through an ardor for ynowledge. Those
who applizd them could not have discovered
them; those who discovered them had no in-
clination to pursue them toa practical end.
Engaged in the high regions whither their
thoughts had carried them, they hardly per-
ceived these practical issues, though born of
their own deeds. These rising workshops,
these peopled colonies, those ships which fur-
row thc seas—this abundance, this luxury,
this tumnlt—all this comes from discoverers
in science, and it all remains strange to
them. At the point where science merges
into practice, they abandon it; it concerns
them no more.”

‘When the Pilgrim Fathers landed at Ply-
mouth Rock, and when Penn made his treaty
with the Indians, the new-comers had to
build their houses, to chasten the earth into
cultivation, and to take care of their souls.
In such a community, science, in its more
abstra:t forms, was not to be thought cf.
And, at the present hour, when your hardy
Western pioneers stand face to face with
stubborn Nature, piercing the mountains
and subduing the forest and the prairie, the
pursuit of science, for its own sake, is not to
be expected. The first need of man is food
and shelter ; but a vast portion of this con-
tinent is already raised far beyond this need.
The gentlemen of New York, Brooklyn, Bos-
ton, Philadelphia, Baltimore, and Washing-
ton, have already built their houses, and very
beautiful they are; they have also secured
their dinners, to the excellence of which I
can also bear testimony. They have, in
fact, reached that precise condition of well-
being and independence when a culture, as
Figh as humanity has yet reached, may be
justly demanded at their hands. They have
reached that maturity, as possessors of wealch
and leisure, when the investigator of natural
truth, for the truth’s own sake, ought to find
among them promoters and protectors.

Among the many grave problems before
them they have this to solve, whether a re-
public is able to foster the highest forms of
genius. You are familiar with the writings
of De Tocqueville, and niust be aware of the
intense sympathy which he felt for your insti-
tutions ; and this sympathy is all the more
valuable, from the philosophic candor with
which he points out, not only your merits,
but your defects and dangers. Now, if I
come here to speak of science in America in
a critical and captious spirit, an invisible
radiation from my words and manner will
enable you to find me out, and will guide
your treatment of me to-night. But, if I, in
no unfriendly spirit—in a spirit, indeed, th:
reverse of unfriendly—venture to repeat be-
fore you what this great historian and analyst
of democratic institutions said of America, I
am persuaded that you will hearme out. He
wrote some three.and-twenty years ago, and
perhaps would not write the same to-day ;
but it will do nobedy any harm to have hie
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words repeated, and, if necessary, laid to
heart, Inawork publisaed in 1850, he says:
‘It must be confessed that, among the civil-
ized peoples of our zge, there are few in
which the highest sciences have made so
little progress as in the United States.”*
He declares his conviction that, had you been
alone in the universe, you would speedily
have discovered that yon cannot long make
progress in practical science, without culti-
vating theoretic science at the same time.
But, according to De Tocqueville, you are
not thus alone. Ile refuses to separate
America from its ancestral home ; and it is
here, he contends, that you collect the treas-
ures of the intellect, without taking the
trouble to create them.

De Tocqueville evidently doubts the ca-
pacity of a demacracy to fosler genins as it
was fostered in the ancient aristocracies.
‘“The future,” he says, **wili prove whether
the passion for profonnd knowledge, so rare
and so fruitful, can be born and developed
so readily in' democractic societies as in aris-
tocracies. As for me,” he continues, ‘‘I
can hardly believe it.” I{e speaks of the un-
quiet feverishness of democratic commu-
nities, not in times of great excitement, for
such times may give an extraordinary impe-
tus to ideas, but in times of peace. There
is then, he says, ‘‘a small and uncomfortable
agaitation, a sort of incessant attrition of
man against man, which troubles and dis-
tracts the mind without imparting to it cither
animation or elevation.” [t rests with you
to prove whether these things are nece-sarily
so—whether the highest scientific genius can-
not find in the midst of you a tranquil home.
I should be loath to gainsay so keen an ob-
server and so profound a political writer, but,
since my arrival in this country, I have been
unable to see anything in the constitution of
society to prevent a student with the rcct ot
the matter in him from bestowing the most
steadfast devoticn on purc science. If great.
scientific results are not achieved in Ameri-
ca, it is not to the small agitations of society
that I should be disposed to ascribe the de-
fect, but to the fact that the men among you
who possess the endowments necessary for
scientific inquiry are laden with duties of ad-
ministration or tuition so heavy as to be
utterly incompatible with the continucus and
tranquil meditation which original investi-
gation demands. It may well be aske
whether Henry wonld have been transforme .
into an administrator, or whether Draper
would have forsaken science to write history,
if the original investigator had been honored
as he ought to be in this land? I hardly
think they would. Still I do not think this

* 11 faut reconnaitre, que parmis les peuples civil-
1sés de nos jours, il en cst peu chez qui les hautes
sciences aient fait moins de progrés qu'aux KEtats-
Unis, ou qui aient fourni moins de grands artistes,
de poétes 1llustres, et de céiébres écrivains., (De li
Démocratie en Amérique, etc., tome ii., p. 36.)
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state of things likely to last. In America
there is a willingness ou the part of individu-
als to devote their fortunes, in the matter of
education, to the service of the common-
wealth, which is without a parallel elsewhere;

' and this willingness requires but wise di-
rection to enable you effectually to wipe away
the reproach of De Tocqueville.

Your most difficult problem will be not to
build institutions, Lut to make men ; not to
form the body, but to find tne spiritual em-
bers which shall kindle within that body
a living soul. You have scientific genius
among you; not sown broadcast, believe
me, but still « cattered here and there. Take
a'l tnnecessary impediments out of its way.
Drawn by your kindness I have come here to
give these lectures, and, now that my visit to
America has become almost a thing of the
past, I look back upon it as a memory with-
cut a stain.  No lecturer was ever rewarded
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as I have been. From this vantage-ground,
however, let me remind you that the work of
the lecturer is not the highcst work ; that in
science, the lecturer is usually the distributor
of intellectual wealth amassed by better men.
It is not solely, or even chiefly, as lecturers,
but as investigators, that your men of genius
ought to be employed. Keep your sympa-
thetic cyc upon the originator of knowledge.
Give him the freedom necessary for his re-
searches, not overloading him either with the
duties of tu tion or of administration, not de-
manding from him so-called practical results
—above all things, avoiding that question
which ignorance so often addresses to genius,
* What is the use of your work?” Let him
make truth his object, however unpractical
for the time being that truth may appear.
1f you cast your bread thus upon the waters,
then be assured it will return to you, though
it may be after many days.
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