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LECTURES ON THE FORCES

Introductory Note

Michael Faraday was the son of a blacksmith, and was born at Newington
Butts, near London, September 22, 1791. He began life as an errand boy
to a bookbinder and stationer, to whom he was later bound apprentice.
After eight yearsin this business, he was engaged by Sr Humphry Davy
as his laboratory assistant at the Royal Institution, and in 1813-15 he
traveled extensively on the Continent with his master, and saw some of the
most famous scientists of Europe. Shortly after hisreturn to the Royal
Institution, he began to make contributions of his own to science, hisfirst
paper appearing in 1816. He became director of the laboratory in 1825,
and professor of chemistry in 1833; rising rapidly, through the number
and importance of his discoveries, to a most distinguished position. But he
was working at too great pressure, and in 1841 his health gave way, so
that for some three years he could not work at all. He recovered, however,
and made some of his most important discoveries after thisinterruption;
and was offered, but declined, the presidency of both the Royal Society
and the Royal Institution. He died August 25, 1867.

It was characteristic of Faraday's devotion to the enlargement of the
bounds of human knowledge that on his discovery of magneto-electricity
he abandoned the commercial work by which he had added to his small
salary, in order to reserve all hisenergiesfor research. Thisfinancial loss
was in part made up later by a pension of 300 pounds a year from the
British Government.

Faraday's parents were members of the obscure religious denomination of
the Sandemanians, and Faraday himself, shortly after his marriage, at the
age of thirty, joined the same sect, to which he adhered till his death.
Religion and science he kept strictly apart, believing that the data of
science were of an entirely different nature from the direct
communications between God and the soul on which hisreligious faith
was based.

The discoveries made by Faraday were so numerous, and often demand so
detailed a knowledge of chemistry and physics before they can be
understood, that it isimpossible to attempt to describe or even enumerate
them here. Among the most important are the discovery of magneto-
electric induction, of the law of electro-chemical decomposition, of the
magnetization of light, and of diamagnetism. Round each of these are
grouped numbers of derivative but still highly important additions to
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scientific knowledge, and together they form so vast an achievement as to
lead his successor, Tyndall, to say, "Taking himfor all and all, I think it
will be conceded that Michael Faraday was the greatest experimental
philosopher the world has ever seen; and | will add the opinion, that the
progress of future research will tend, not to dimor to diminish, but to
enhance and glorify the labours of this mighty investigator.”

In spite of the highly technical nature of hiswork in research, Faraday
was remarkably gifted as an expounder of science to popular audiences;
and his lectures at the Royal Institution, especially those to younger
audiences, were justly famous. The following exampleis a classic in the
department of clear and fascinating scientific exposition.

Lecturel: The Force of Gravitation

Lecturell: Gravitation - Cohesion

Lecturelll: Cohesion - Chemicd Affinity
LecturelV: Chemicd Affinity - Heat

LectureV: Magnetiam - Electricity

Lecture VI: The Correation of The Physical Forces

Lecturel: The Force Of Gravitation

Delivered Before A Juvenile Auditory At The Royal Institution Of Great
Britain During The Christmas Holidays Of 1859-60

It grieves me much to think that | may have been a cause of disturbance to
your Christmas arrangements;* for nothing is more satisfactory to my

mind than to perform what | undertake; but such things are not dways left
to our own power, and we must submit to circumstances as they are
gppointed. | will to-day do my best, and will ask you to bear with meif |
am unable to give more than afew words; and, as a subdtitute, | will
endeavor to make theillugtrations of the sense | try to express asfull as
possible; and if we find by the end of this lecture that we may be judtified
in continuing them, thinking that next week our power shal be greeter,
why then, with submission to you, we will take such course as you may
think fit, either to go on or discontinue them; and athough | now fed

much weakened by the pressure of theillness (a mere cold) upon me, both
in facility of expresson and clearness of thought, | shdl here claim, as|
aways have done on these occasions, the right of addressing mysdlf to the
younger members of the audience; and for this purpose, therefore, unfitted
asit may seem for an dderly, infirm man to do so, | will return to second
childhood, and become as it were, young again anong the young.

Get any book for freeon:  www.Abika.com



LECTURES ON THE FORCES

[Footnote 1: The opening lecture was twice postponed on
account of Dr. Faraday'sillness)]

Let us now congder, for alittle while, how wonderfully we stand upon
thisworld. Here it iswe are born, bred, and live, and yet we view these
things with an dmost entire absence of wonder to oursalves respecting the
way in which dl this happens. So smadl, indeed, is our wonder, that we are
never taken by surprise; and | do think that, to ayoung person of ten,
fifteen, or twerty years of age, perhapsthe first sght of a cataract or a
mountain would occasion him more surprise than he had ever felt
concerning the means of his own existence; how he came here; how he
lives, by what means he stands upright; and through what means he moves
about from place to place. Hence, we come into thisworld, we live, and
depart from it, without our thoughts being caled specificdly to consider
how dl thistakes place; and were it not for the exertions of some few
inquiring minds, who have looked into these things, and ascertained the
very beautiful laws and conditions by which we do live and stand upon the
earth, we should hardly be aware that there was any thing wonderful init.
These inquiries, which have occupied philosophers from the earliest days,
when they firg began to find out the laws by which we grow, and exig,
and enjoy ourselves, up to the present time, have shown usthat al thiswas
effected in consequence of the existence of certain forces, or abilitiesto do
things, or powers, that are so common that nothing can be more so; for
nothing is commoner than the wonderful powers by which we are enabled
to stand upright: they are essentid to our existence every moment.

It ismy purpose to-day to make you acquainted with some of these
powers. not the vitd ones, but some of the more ementary, and what we
cdl physica powers; and, in the outset, what can | do to bring to your
minds a notion of neither more nor less than that which | mean by the
word power or force? Suppose | take this sheet of paper, and place it
upright on one edge, resting against a support before me (as the roughest
possibleillugration of something to be disturbed), and suppose | then pull
this piece of string which is attached to it. | pull the paper over. | have
therefore brought into use a power of doing so - the power of my hand
caried on through this string in away which is very remarkable when we
cometo andyzeit; and it is by means of these powers conjointly (for there
are severa powers here employed) that | pull the paper over. Again, if |
giveit a push upon the other sde, | bring into play a power, but avery
different exertion of power from the former; or, if | take now this bit of
shdl-lac [agtick of shell-lac about 12 incheslong and 1 1-2 in diameter],
and rub it with flanndl, and hold it an inch or so in front of the upper part
of this upright sheet, the paper isimmediately moved towards the shell-
lac, and by now drawing the latter away, the paper fals over without
having been touched by any thing. You seg, in thefird illudration |
produced an effect than which nothing could be commoner; | pull it over
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now, not by means of that string or the pull of my hand, but by some
action in this shdll-lac. The shdll-lac, therefore, has a power wherewith it
acts upon the sheet of paper; and, as an illustration of the exercise of
another kind of power, I might use gunpowder with which to throw it
over.

Now | want you to endeavor to comprehend that when | am spesking of a
power or force, | am speaking of that which | used just now to pull over
this piece of paper. | will not embarrass you at present with the name of
that power, but it is dlear there was a something in the shdll-lac which
acted by attraction, and pulled the paper over; this, then, is one of those
things which we cal power, or force; and you will now be able to
recognize it as such in whatever form | show it to you. We are not to
suppose that there are o very many different powers; on the contrary, it is
wonderful to think how few are the powers by which dl the phenomena of
nature are governed. Thereisan illustration of another kind of power in
that lamp; there is a power of heat - a power of doing something, but not
the same power as that which pulled the paper over; and so, by degrees,
we find that there are certain other powers (not many) in the various
bodies around us; and thus, beginning with the Smplest experiments of
pushing and pulling, | shdl gradudly proceed to distinguish these powers
one from the other, and compare the way in which they combine together.
Thisworld upon which we stand (and we have not much need to travel out
of the world for illugtrations of our subject; but the mind of man is not
confined like the matter of his body, and thus he may and does travel
outward, for wherever his sght can pierce, there his observations can
penetrate) is pretty nearly around globe, having its surface digposed in a
manner of which thisterrestrid globe by my sdeisarough modd; so
much island and so much is water; and by looking & it herewe seeina
sort of map or picture how the world isformed upon its surface. Then,
when we come to examine farther, | refer you to this sectiond diagram of
the geological dtrata of the earth, in which there is a more eaborate view

of what is beneath the surface of our globe. And, when we cometo dig
into or examine it (as man does for his own ingruction and advantage, in a
variety of ways), we seethat it is made up of different kinds of matter,
subject to avery few powers; and dl disposed in this strange and
wonderful way, which givesto man ahigtory - and such ahigtory - asto
what there isin those veins, in those rocks, the ores, the water-prings, the
atmogphere around, and dl varieties of materid substances, held together
by means of forcesin one great mass, 8,000 milesin diameter, that the
mind is overwhdmed in contemplation of the wonderful hitory related by
these strata (some of which are fine and thin like sheets of paper), dl
formed in succession by the forces of which | have spoken.

| now shdl try to help your atention to what | may say by directing, to -
day, our thoughts to one kind of power. Y ou see what | mean by the term
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matter - any of these thingsthat | can lay hold of with the hand, or in abag
(for I may take hold of the air by indlogng it in abag) - they aredl
portions of matter with which we have to dedl at present, generaly or
particularly, as | may requireto illustrate my subject. Here is the sort of
matter which we call water - it is there ice [pointing to ablock of ice upon
the table], there water - [pointing to the water bailing in aflask] - here
vapor - you seeit issuing out from the top [of the flask]. Do not suppose
thet that ice and that water are two entirely different things, or that the
steam riging in bubbles and ascending in vapor there is absolutely different
from the fluid weter: it may be different in some particulars, having
reference to the amounts of power which it contains; but it is the same,
nevertheless, as the great ocean of water around our globe, and | employ it
here for the sake of illudration, because if we look into it we shall find

that it supplies uswith examples of dl the powersto which | shdl haveto
refer. For instance, hereis water - it isheavy; but let us examineit with
regard to the amount of its heaviness or its gravity. | have before me a
little glass vessdl and scales [nearly equipoised scales, one of which
contained a hdf-pint glass vessd], and the glass vessd is a present the
lighter of the two; but if | now take some water and pour it in, you see that
that Sde of the scesimmediately goes down; that shows you (using
common language, which | will not suppose for the present you have
hitherto gpplied very grictly) that it is heavy, and if | put thisadditiond
weight into the opposite scale, | should not wonder if this vessdl would
hold water enough to weigh it down. [The lecturer poured more water into
the jar, which again went down.] Why do | hold the bottle above the vessel
to pour the water into it? Y ou will say, because experience has taught me
that it isnecessary. | do it for a better reason because it isalaw of nature
that the water should fdl toward the earth, and therefore the very means
which | use to cause the water to enter the vessd are those which will
carry thewhole body of water down. That power iswhat we call gravity,
and you see there [pointing to the scales] agood deal of water gravitating
toward the earth. Now here [exhibiting asmall piece of platinum?] is
another thing which gravitates toward the earth as much as the whole of
that water. See what alittle thereis of it; that little thing is heavier than so
much water [placing the metal in opposite scales to the water]. What a
wonderful thing it isto seethat it requires so much water asthat [a half-
pint vessd full] to fal toward the earth, compared with the little mass of
substance | have here!l And again, if | take this metdl [abar of duminium®
about eight times the bulk of the platinum], we find the water will baance
that aswdl asit did the platinum; so that we get, even in the very outset,
an example of what we want to understand by the words forces or powers.

[Footnote 2: Platinum, with one exception the heaviest
body known, is 21 1/2 times heavier than water.]

[Footnote 3: Aluminium is 2 1/2 times heavier than weter |
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| have spoken of water, and firgt of dl of its property of faling downward:
you know very well how the oceans surround the globe - how they fdll
round the surface, giving roundness to it, clothing it like a garment; but,
besides that, there are other properties of water. Here, for instance, is some
quicklime, and if | add some water to it, you will find another power and
property in the water.* It is now very hat; it is steaming up; and | could
perhaps light phosphorus or alucifer-match with it. Now that could not
happen without aforce in the water to produce the result; but that forceis
entirdy distinct from its power of fdling to the earth. Again, hereis
another substance [some anhydrous sulphate of copper®] which will
illustrate another kind of power. [The lecturer here poured some water
over the white sulphate of copper, which immediately became blue,
evolving consderable heat a the same time] Here is the same water with
a substance which heats nearly as much as the lime does, but see how
differently. So great indeed isthis heet in the case of lime, that it is
sufficient sometimes (as you see here) to set wood on fire; and this
explains what we have sometimes heard, of barges laden with quicklime
taking fire in the middle of the river, in consequence of this power of heat
brought into play by aleakage of the water into the barge. Y ou see how
srangedly different subjects for our consderation arise when we come to
think over these various matters - the power of heat evolved by acting
upon lime with water, and the power which water has of turning this sdt
of copper from white to blue.

[Footnote 4: Power or property in water. This power - the
heat by which the water iskept in afluid state - issaid,
under ordinary circumstances, to be latent or insensible.
When, however, the water changesits form, and, by uniting
with the lime or sulphate of copper, becomes solid, the hest
which retained it in aliquid Sate is evolved.]

[Footnote 5: Anhydrous sulphate of copper: sulphate of
copper deprived of itswater of crystdlization. To obtain it
the blue sulphate is calcined in an earthen crucible]

| want you now to understand the nature of the most Smple exertion of
this power of matter called weight or gravity. Bodies are heavy; you saw
that in the case of water when | placed it in the balance. Here | have what
we cdl aweight [an iron half cwt.] - athing called aweight because in it
the exercise of that power of pressng downward is especidly used for the
purposes of weighing; and | have dso one of these little inflated India
rubber bladders, which are very beautiful athough very common (most
beautiful things are common), and | am going to put the weight upon it, to
giveyou asort of illugtration of the downward pressure of the iron, and of
the power which the air possesses of ressting that pressure; it may burgt,
but we must try to avoid that. [During the last few observations the
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lecturer had succeeded in placing the haf cwt. in astate of quiescence
upon the inflated India-rubber bal, which consequently assumed a shape
very much resembling aflat cheese with round edges] Thereyou seea
bubble of ar bearing haf a hundred-weight, and you must concelve for
yourselves what awonderful power there must be to pull thisweight
downward, to ank it thusin the bal of air.

Let me now give you another illugtration of this power. Y ou know whet a
pendulumis. | have one here, and if | set it swinging, it will continue to
swing to and fro. Now | wonder whether you can tell me why that body
oscillates to and fro - that pendulum bob, asit is sometimes caled.
Obsarve, if | hold the straight stick horizontally, as high as the position of
the bal at the two ends of itsjourney, you see that the bdl isin ahigher
position at the two extremities than it iswhen in the middle. Starting from
one end of the ftick, the ball falls toward the centre, and then risng again
to the opposite end, it constantly triesto fall to the lowest point, svinging
and vibrating most beautifully, and with wonderful propertiesin other
respectsthe time of itsvibration, and so on - but concerning which we will
not now trouble ourselves,

If agold leaf, or piece of thread, or any other substance were hung where
thisbal is, it would swing to and fro in the same manner, and in the same
time too. Do not be sartled at this statement; | repest, in the same manner
and in the same time, and you will see by-and-by how thisis. Now that
power which caused the water to descend in the baance - which made the
iron weight press upon and flatten the bubble of ar - which caused the
swinging to and fro of the pendulum, that power is entirdly due to the
attraction which there is between the faling body and the earth. Let usbe
dow and careful to comprehend this. It is not that the earth has any
particular attraction toward bodies which fal to it, but, that dl these
bodies possess an attraction every one toward the other. It is not that the
earth has any specia power which these bals themsdlves have not; for just
as much power as the earth hasto attract these two balls [dropping two
ivory ballg], just so much power have they in proportion to their bulks to
draw themsdlves one to the other; and the only reason why they fal so
quickly to the earth is owing to its greater Sze. Now if | wereto place
these two balls near together, | should not be able, by the most delicate
arrangement of gpparatus, to make you, or mysdf, sensble that these bals
did attract one another; and yet we know that such isthe case, because if,
indeed of taking asmdl ivory bdl, we take amountain, and put abdl like
this near it, we find that, owing to the vast Sze of the mountain as
compared with the billiard bal, the latter is drawn dightly toward it,
showing clearly that an attraction does exig, just asit did between the
shdl-lac which | rubbed and the piece of paper which was overturned by
it.
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Now it is not very easy to make these things quite clear at the outset and |
must take care not to leave anything unexplained as | proceed, and,
therefore, | must make you clearly understand that al bodies are attracted
to the earth, or, to use amore learned term, gravitate. Y ou will not mind
my using thisword, for when | say that this penny-piece gravitates, | mean
nothing more nor less than that it falls toward the earth, and, if not
intercepted, it would go on faling, faling, until it arrived at what we cal
the centre of gravity of the earth, which | will explain to you by-and-by.

| want you to understand that this property of gravitation is never logt; that
every substance possessesiit; that there is never any change in the quantity
of it; and, first of dl, | will take asillustration a piece of marble. Now this
marble has weight, as you will seeif | put it in these scdles; it weighsthe
balance down, and if | take it off, the balance goes back again and resumes
its equilibrium. 1 can decompose this marble and change it in the same
manner as| can change iceinto water and water into steam. | can convert
apart of it into its own steam easily, and show you that this seam from
the marble has the property of remaining in the same place a common
temperatures, which water sleam has not. If | add alittle liquid to the
marble and decompose it®, | get that which you see - [the lecturer here put
severd lumps of marble into aglass jar, and poured water and then acid
over them; the carbonic acid immediately commenced to escape with
considerable effervescence] - the gppearance of boiling, which is only the
separation of one part of the marble from another. Now this[marble]
steam, and that [water] steam, and dl other seams, gravitate just like any
other substance does; they al are attracted the one toward the other, and
dl fal toward the earth, and what | want you to seeisthat this steam
gravitates. | have here alarge vessd placed upon abaance, and the
moment | pour this sleam into it you see that the Steam gravitates. Just
watch the index, and see whether it tilts over or not. [The lecturer here
poured the carbonic acid out of the glassin which it was being generated
into the vessdl sugpended on the baance, when the gravitation of the
carbonic acid was at once apparent.] Look how it is going down. How
pretty that il | poured nothing in but the invisible steam, or vapor, or gas
which came from the marble, but you see tha part of the marble, dthough
it has taken the shape of air, ill gravitates asit did before. Now will it
weigh down that bit of paper? [placing a piece of paper in the opposite
scde] Yes, more than that; it nearly weighs down this bit of paper
[placing anather piece of paper in]. And thus you see that other forms of
matter besides solids and liquids tend to fall to the earth; and, therefore,
you will accept from methe fact that al things gravitate, whatever may be
their form or condition. Now hereis another chemical test whichisvery
readily applied. [Some of the carbonic acid was poured from one vessd
into another, and its presence in the latter shown by introducing into it a
lighted taper, which was immediately extinguished.] Y ou see from this
result dso that it gravitates. All these experiments show you that, tried by
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the baance, tried by pouring like water from one vessd to another, this
steam, or vapor, or gasis, like dl other things, atracted to the earth.

[Footnote 6: Add alittle liquid to the marble and
decomposeit. Marble is composed of carbonic acid and
lime, and, in chemicd language, is cdled carbonate of
lime. When sulphuric acid is added to it, the carbonic acid
is st freg, and the sulphuric acid unites with the lime to
form sulphate of lime. Carbonic acid, under ordinary
circumgtances, is a colorlessinvisble gas, about haf as
heavy again as air. Dr. Faraday first showed that under
great pressureit could be obtained in aliquid State.
Thilorier, a French chemis, afterward found that it could
be solidified.]

Thereis another point | want in the next place to draw your attention to. |
have here a quantity of shot; each of these fals separately, and each has its
own gravitating power, as you perceive when | let them fdl loosdly on a
sheet of paper. If | put them into a bottle, | collect them together as one
mass, and philosophers have discovered that there is a certain point in the
middle of the whole collection of shots that may be consdered as the one
point in which al their gravitating power is centred, and thet point they

cdl the centre of gravity; itisnot at dl abad name, and rather ashort one
- the centre of gravity. Now suppose | take a sheet of pasteboard, or any
other thing easlly dedlt with, and run abradawl through it a one corner, A,
and Mr. Anderson holds that up in his hand before us, and | then take a
piece of thread and an ivory bal, and hang that upon the awl, then the
centre of gravity of both the pasteboard and the ball and string are as near
as they can get to the centre of the earth; that isto say, the whole of the
attracting power of the earth is, asit were, centred in asingle point of the
cardboard, and this point is exactly below the point of suspension. All |
have to do, therefore, isto draw aline, A B, corresponding with the string,
and we shdl find that the centre of gravity is somewhere in thet line. But
where? To find that out, dl we have to do isto take another place for the
awl hang the plumb-line, and make the same experiment, and there [at the
point C] isthe centre of gravity, - there where the two lineswhich | have
traced cross each other; and if | take that pasteboard and make a hole with
the bradawl through it at that point, you will seeit will be supported in any
position in which it may be placed. Now, knowing thet, what do | do when
| try to stand upon one leg? Do you not seethat | push mysdf over to the
left Sde, and quietly take up the right leg, and thus bring some centra

point in my body over thisleft leg? Whet is that point which | throw over?
You will know at once that it is the centre of gravity - that point in me
where the whole gravitating force of my body is centred, and which | thus
bring in aline over my foot.
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Hereisatoy | happened to see the other day, which will, | think, serve to
illugtrate our subject very wel. That toy ought to lie something in this
manner, and would do o if it were uniform in substance; but you seeiit
does nat; it will get up again. And now philosophy comesto our aid, and |
am perfectly sure, without looking insgde the figure, that there is some
arrangement by which the centre of gravity is a the lowest point when the
image is sanding upright; and we may be certain, when | am tilting it

over, that | am lifting up the centre of gravity (&), and rasing it from the
earth. All thisis effected by putting a piece of lead insde the lower part of
the image, and making the base of large curvature, and there you have the
whole secret. But what will hgppen if | try to make the figure stand upon a
sharp point? Y ou observe | must get that point exactly under the centre of
gravity, or it will fal over thus [endeavoring unsuccesstully to baanceit];
and this, you see, isadifficult matter; | can not make it stand steedily; but
if I embarrass this poor old lady with aworld of trouble, and hang this
wire with bullets at each end about her neck; it is very evident that, owing
to there being those balls of lead hanging down on either Side, in addition
to thelead insde, | have lowered the centre of gravity, and now she will
stand upon this point, and, what is more, she proves the truth of our
philosophy by standing sideways.

| remember an experiment which puzzled me very much when a boy. |
read it in aconjuring book, and this was how the problem was put to us:
"How," asthe book said, "how to hang a pail of water, by means of adtick,
upon the side of atable’. Now | have here atable, apiece of stick, and a
pail, and the propogtion is, how can that pall be hung to the edge of this
table? It isto be done, and can you at al anticipate what arrangement |
shdl make to enable me to succeed? Why this. | take atick, and put it in
the pail between the bottom and the horizontal piece of wood, and thus
giveit adiff handle, and thereit is; and, what is more, the more water |
put into the pail, the better it will hang. It is very true that before | quite
succeeded | had the misfortune to push the bottoms of severd pails out;
but hereit is hanging firmly, and you now see how you can hang up the
pail in the way which the conjuring books require.

Again, if you areredly soinclined (and | do hopedl of you are), you will
find agreat ded of philosophy in this[holding up a cork and a pointed

thin stick about afoot long]. Do not refer to your toy-books, and say you
have seen that before. Answer me rather, if | ask, have you understood it
before? It is an experiment which appeared very wonderful to me when |
was aboy. | used to take apiece of cork (and | remember | thought at first
that it was very important that it should be cut out in the shape of man, but
by degrees| got rid of that idea), and the problem was to baance it on the
point of astick. Now you will see | have only to place two sharp-pointed
dicks one each Sde, and give it wings, thus, and you will find this

beautiful condition fulfilled.
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We come now to another point. All bodies, whether heavy or light, fal to
the earth by this force which we cdl gravity. By observation, moreover,
we see that bodies do not occupy the sametimein fdling; | think you will
be able to see that this piece of paper and thet ivory bal fal with different
velocities to the table [dropping them]; and if, again, | take afeather and
anivory bdl, and let them fdl, you see they reach the table or earth a
different times; that isto say, the bal fdls faster than the feether. Now that
should not be so, for al bodies do fal equdly fast to the earth. There are
one or two beautiful pointsincluded in that Satement. First of dl, itis
manifest that an ounce, or a pound, or aton, or athousand tons, dl fall
equally fast, no one faster than another: here are two bdls of lead, avery
light one and a very heavy one, and you perceive they both fdl to the earth
in the sametime. Now if | were to put into a little bag a number of these
bals sufficient to make up abulk equa to the large one, they would dso
fdl in the same time; for it an avalanche fal from the mountains, the

rocks, snow, and ice, together falling toward the earth, fall with the same
velocity, whatever be their size.

| can not take a better illugtration of thisthan of gold lesf, because it
brings before us the reason of this gpparent difference in the time of the
fdl. Hereisapiece of gold leaf. Now if | take alump of gold and thisgold
leaf, and let them fall through the air together, you see that the lump of
gold - the sovereign or coin - will fal much fagter than the gold lesf. But
why? They are both gold, whether sovereign or gold leaf. Why should
they not fall to the earth with the same quickness? They would do so, but
that the air around our globe interferes very much where we have the piece
of gold so extended and enlarged as to offer much obstruction on faling
through it. It will, however, show you that gold leaf doesfal asfast when
the resstance of the air is excluded; for if | take apiece of gold leaf and
hang it in the centre of a bottle so that the gold, and the bottle, and the air
within shdl dl have an equd chance of faling, then the gold leaf will fall
asfast asanything dse. And if | suspend the bottle containing the gold
leaf to adtring, and st it oscillaing like a pendulum, | may make it
vibrate as hard as | please and the gold leaf will not be disturbed, but will
swing as seadily as apiece of iron would do; and | might even swing it
round my head with any degree of force, and it would remain undisturbed.
Or | can try another kind of experiment: if | raise the gold lesf in thisway
[pulling the bottle up to the celling of the theetre by means of a cord and
pulley, and then suddenly letting it fal within afew inches of the lecture
table], and dlow it then to fal from the ceiling downward (1 will put
something beneath to catch it, supposing | should be maadroit), you will
percaive that the gold leaf is not in the least disturbed. The resistance of
the air having been avoided, the glass bottle and gold leef dll fall exactly

inthe sametime.
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Here is another illugtration: | have hung a piece of gold lesf in the upper
part of thislong glass vessdl, and | have the means by alittle arrangement
at thetop, of letting the gold leaf loose. Before we let it [oose we will
remove the air by means of an air-pump, and, while that is being done, let
me show you another experiment of the same kind. Take a penny piece, or
ahaf crown, and around piece of paper atrifle smdler in diameter than
the coin, and try them side by side to see whether they fdl at the same
time [dropping them]. Y ou see they do not - the penny- piece goes down
first. But, not place this paper flat on the top of the coin, so that it shall not
meet with any resistance from the air, and upon then dropping them you
see they do both fdl in the same time [exhibiting the effect]. | dare say, if |
were to put this piece of gold leaf, instead of the paper, on the coin, it
would do aswdll. It is very difficult to lay the gold leaf so flat thet the air
shdl not get under it and lift it up in faling, and | am rather doubtful asto
the success of this, because the gold lesf is puckery, but will risk the
experiment. There they go together! [letting them fall] and you see a once
that they both reach the table at the same moment.

We have now pumped the air out of the vessdl, and you will perceive that
the gold leaf will fal as quickly in this vacuum as the coin doesin the arr.
| am now going to let it loose, and you must watch to see how rapidly it
fdls There [letting the gold loosg]. thereit is, fadling as gold should fall.

| am sorry to see our time for parting is drawing so near. As we proceed, |
intend to write upon the board behind me certain words, so asto recall to
your minds what we have aready examined; and | put the word Forces as
aheading, and | will then add benegath the names of the special forces
according to the order in which we consder them; and athough | fear that
| have not sufficiently pointed out to you the more important
circumstances connected with the force of Gravitetion, especidly the law
which governsits attraction (for which, | think, | must take up alittle time
at our next meeting), till 1 will put that word on the board, and hope you
will now remember that we have in some degree considered the force of
gravitation - that force which causes al bodies to attract each other when
they are at sensible distances apart, and tends to draw them together.

Lecturell: Gravitation - Cohesion

Do me the favor to pay me as much attention as you did at our last
meseting, and | shal not repent of that which | have proposed to undertake.
It will be impossible for usto consider the Laws of Nature, and what they
effect, unless we now and then give our sole atention, S0 asto obtain a
clear idea upon the subject. Give me now that attention, and then | trust we
shdl not part without our knowing something about those laws, and the
manner in which they act. Y ou recollect, upon the last occasion, |
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explained that dl bodies attracted each other, and that this power we
cdled gravitation. | told you that when we brought these two bodies [two
equal-sized ivory balls suspended by threads] near together, they attracted
each other, and that we might suppose that the whole power of this
attraction was exerted between their respective centres of gravity; and,
furthermore, you learned from me that if, instead of asmdl bal | took a
larger one, like that [changing one of the bals for a much larger one,
there was much more of this attraction exerted; or, if | made this ball

larger and larger, until, if it were possible, it became as large as the Earth
itsdf - or | might teke the Earth itsdlf asthe large bdl - that then the
attraction would become so powerful as to cause them to rush together in
this manner [dropping theivory bdl]. You st there upright, ad | stand
upright here, because we keep our centres of gravity properly balanced
with respect to the earth; and | need not tell you that on the other side of
thisworld the people are standing and moving about with their feet toward
our feet, in areversed position as compared with us, and dl by means of
this power of gravitation to the centre of the earth.

| must not, however, leave the subject of gravitation without telling you
something about its laws and regularity; and, fird, as regards its power
with respect to the distance that bodies are apart. If | take one of these
bals and place it within an inch of the other, they attract each other with a
certain power. If | hold it a a grester distance off, they attract with less
power; and if | hold it at a greeter distance lill, their attraction is ill less.
Now thisfact is of the greatest consequence; for, knowing thislaw,
philosophers have discovered most wonderful things. Y ou know thet there
isaplanet, Uranus, revolving round the sun with us, but eighteen hundred
millions of miles off, and because thereis ancther planet as far off asthree
thousand millions of miles, this law aitraction, or gravitation, till holds
good, and philosophers actualy discovered thislatter planet, Neptune, by
reason of the effects of its attraction at this overwhelming distance. Now |
want you clearly to understand what thislaw is. They say (and they are
right) that two bodies attract each other inversaly as the square of the
distance - a sad jumble of words until you understand them; but | think we
shall soon comprehend what this law is, and what is the meaning of the
"inverse square of the distance.”

| have here alamp, A, shining most intensely upon thisdisc, B, C, D, and
this light acts as a sun by which | can get ashadow from thislittle screen
B F (merely a square piece of card), which, as you know, when | place it
close to the large screen, just shadows as much of it asis exactly equd to
itsown size; but now let me take this card, E, which is equa to the other
onein size, and place it midway between the lamp and the screen; now
look at the Sze of the shadow B D - it isfour timesthe origind size. Here,
then, comes the "inverse square of the distance.” Thisdisgance, A E, is
one, and that distance, A B istwo, but that Sze E being one, thissze B D
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of shadow isfour ingtead of two, which is the square of the distance, and,
if I put the screen a one-third of the distance from the lamp, the shadow
on the large screen would be ninetimesthe size. Again, if | hold this
screen here, @ B F, acertain amount of light falson it; and if | hold it
nearer thelamp at E, more light shines upon it. And you see & once how
much - exactly the quantity which | have shut off from the part of this
screen, B D, now in shadow; moreover, you seethat if | put asingle screen
here, a G, by the sde of the shadow, it can only recelve one-fourth of the
proportion of light which is obstructed. Thet, then, iswhat is meant by the
inverse of the square of the distance. This screen E is the brightest because
it isthe nearest, and there is the whole secret of this curious expression,
inversely as the square of the distance. Now if you can not perfectly
recollect this when you go home, get a candle and throw a shadow of
something - your prdfile, if you like - on the wall and then recede or
advance, and you will find that your shadow is exactly in proportion to the
square of the distance you are off thewall; and then, if you consider how
much light shines on you at one distance, and how much at another, you
get the inverse accordingly. So it is as regards the attraction of these two
balls, they attract according to the square of the distance, inversely. | want
you to try and remember these words, and then you will be ableto go into
al the cdculations of astronomers as to the planets and other bodies, and
tel why they move so fat, and why they go round the sun without faling
into it and be prepared to enter upon many other interesting inquiries of
the like nature.

Let us now leave this subject which | have written upon the board under
the word Force - Gravitation - and go a step father. All bodies attract each
other at sensible distances. | showed you the dectric attraction on the last
occasion (through | did not call it s0); that attracts at adistance; and in
order to make our progress alittle more gradua, suppose | take afew iron
particles [dropping some small fragments of iron on the table]. There! |
have dready told you that in al cases where bodies fall it is the particles
that are attracted. Y ou may consider these, then, as separate particles
magnified, so asto be evident to your sight; they are loose from each other
- they dl gravitate - they dl fdl to the earth - for the force of gravitation
never fails. Now | have here a centre of power which | will not name at
present, and when these particles are placed upon it, see what an attraction
they have for each other.

Here | have an arch of iron filings regularly built up like an iron bridge,
because | have put them within a sphere of action which will cause them
to attract each other. Seel | could let amouse run through it; and yet, if |
try to do the same thing with them here [on the tabl€], they do not attract
each other at dl. It isthat [the magnet] which makes them hold together.
Now just as these iron particles hold together in the form of an dliptical
bridge, so do the different particles of iron which condtitute this nail hold
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together and make it one. And hereisabar of iron; why, it is only because
the different parts of thisiron are so wrought as to keep close together by
the attraction between the particles that it is held together in one mass. It is
kept together, in fact, merely by the attraction of one particle to another,
and that isthe point | want now to illudtrate. If | take a piece of flint, and
drike it with a hammer, and breek it thus [breaking off a piece of the
flint], 1 have done nothing more than separate the particles which compose
these two pieces so far gpart that their attraction is too weak to cause them
to hold together, and it is only for that reason that there are now two pieces
in the place of one. | will show you an experiment to prove that this
attraction does il exist in those particles; for hereis a piece of glass (for
what was true of the flint and the bar of iron istrue of the piece of glass,
and istrue of every other solid - they are dl held together in the lump by
the attraction between their parts), and | can show you the attraction
between its separate particles; for if | take these portions of glasswhich |
have reduced to very fine powder, you see that | can actudly build them
up into asolid wal by pressure between two flat surfaces. The power
which | thus have of building up thiswdl is due to the attraction of the
particles, forming, asit were, the cement which holds them together; and
S0 inthis case, where | have taken no very great painsto bring the
particles together, you see perhaps a couple of ounces of finely pounded
glass standing as an upright wal: is not this atraction most wonderful ?
That bar of iron oneinch square has such power of atraction inits
particles - giving to it such strength - that it will hold up twenty tons
weight before the little set of particlesin the smal space equd to one
divison across which it can be pulled apart will separate. In this manner
sugpension bridges and chains are held together by the attraction of their
particles, and | am going to make an experiment which will show how
grong isthis attraction of the particles. [ The lectured here placed his foot
on aloop of wire fastened to a support above, and swung with hiswhole
weight resting upon it for some moments,] Y ou see, while hanging here,

al my weight is supported by these little particles of the wire, just asin
pantomimes they sometimes suspend gentlemen and damsels.

How can we make this attraction of the particles alittle more smple?
There are many things which, if brought together properly, will show this
attraction. Here isaboy's experiment (and | like a boy's experiment). Get a
tobacco-pipe, fill it with lead, mdt it, and then pour it out upon a stone,
and thus get a clean piece of lead (thisis a better plan than scraping it;
scraping aters the condition of the surface of the lead). | have here some
pieces of lead which | mdted this morning for the sake of making them
clean. Now these pieces of lead hang together by the attraction of their
particles, and it | press these two separate pieces close together, so asto
bring their particles within the sphere of attraction, you will see how soon
they become one. | have merdly to give them a good squeeze, and draw
the upper piece dightly round at the same time, and here they are asone,
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and dl the bending and twigting | can give them will not separate them
agan; | have joined the lead together, not with solder, but smply by
means of the attraction of the particles.

This, however, is not the best way of bringing those particles together; we
have many better plans than that; and | will show you one thet will do very
well for juvenile experiments. Thereis some dum crystdlized very
beautifully by nature (for dl things are far more beautiful in their natura
than their artificid form), and here | have some of the same dum broken
into fine powder. In it | have destroyed that force of which | have placed
the name of this board - Cohesion, or the attraction exerted between the
particles of bodiesto hold them together. Now | am going to show you
that if we take this powdered aum and some hot water, and mix them
together, | shal dissolve the dum; dl the particleswill be separated by the
water far more completely than they are here in the powder; but then,
being in the water, they will have the opportunity asit cools (for that isthe
condition which favors their coalescence) of uniting together again and
forming one mass’.

[Footnote 7: Crygalization of dum. The solution must be
saturated - that is, it must contain as much dum as can
possibly be dissolved. In making the solution, it is best to
add powdered dum to hot water aslong asit dissolves; and
when no more is taken up, alow the solution to stand afew
minutes, and then pour it off from the dirt and undissolved
aum]

Now, having brought the dum into solution, | will pour it into this glass
basin, and you will, to-morrow, find that these particles of dum which |
have put into the water, and so separated that they are no longer solid,
will, asthe water cools, come together and cohere, and by to-morrow
morning we shal have agrest ded of the dum crysdlized out - that isto
say, come back to the solid form. [The lecturer here poured alittle of the
hot solution of dum into the glass dish, and when the latter had thus been
made warm, the remainder of the solution was added.] | am now doing
that which | advise you to do if you use aglass vessd, namey warming it
dowly and gradudly; and in repesting this experiment, do as| do - pour
the liquid out gently, leaving al the dirt behind in the basin; and remember
that the more carefully and quietly you make this experiment a home, the
better the crystals. To-morrow you will see the particles of dum drawn
together; and if | put two pieces of coke in some part of the solution (the
coke ought first to be washed very clean, and dried), you will find to-
morrow that we shal have a beautiful crystalization over the coke,
making it exactly resemble anaturd minera.
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Now how curioudy our ideas expand by watching these conditions of the
atraction of coheson! how many new phenomenait gives us beyond
those of the attraction of gravitation! See how it gives us grest strength.
The things we ded with in building up the structures on the earth are of
drength - we use iron, sone, and other things of great strength; and only
think that dl those structures you have about you - think of the Great
Eagtern, if you please, which is of such size and power asto be dmost
more than man can manage - are the result of this power of coheson and
attraction.

| have here abody in which | believe you will see achange taking placein
its condition of cohesion at the moment it ismede. It isat firgt yelow; it
then becomes a fine crimson red. Just watch when | pour these two liquids
together - both colorless as water. [ The lecturer here mixed together
solutions of perchloride of mercury and iodide of potassum, when a
yelow precipitate of biniodide of mercury fell down, which dmost
immediately became crimson red.] Now there is a substance which is very
beautiful, but see how it is changing color. It was reddidtydlow at fird,
but it has now become red®. | have previoudly prepared alittle of this red
subsgtance, which you see formed in the liquid, and have put some of it
upon paper [exhibiting severa sheets of paper coated with scarlet
biniodide of mercury®]. Thereit is- the same substance spread upon
paper; and there, too, is the same substance; and here is some more of it
[exhibiting a piece of paper as large as the other sheets, but having only
very little red color onit, the greater part being yellow] - alittle more of it,
you will say. Do not be mistaken; there is as much upon the surface of one
of these pieces of paper as upon the other. What you see yellow isthe
same thing as the red body, only the attraction of coheson isin acertain
degree changed, for | will take thisred body, and apply hest to it (you may
perhaps see alittle smoke arise, but that is of no consequence). and if you
look at it it will firgt of dl darken - but see how it is becoming yellow. |
have now madeit dl yellow, and, what ismore, it will remain so; but if |
take any hard substance, and rub the yellow part with it, it will

immediately go back again to the red condition [exhibiting the
experiment]. Thereitis. You seethered is not put back, but brought back
by the change in the substance. Now [warming it over the spirit lamp] here
it is becoming ydllow again, and that is adl because its attraction of

coheson is changed. And what will you say to mewhen | tdl you thet this
piece of common charcod is just the same thing, only differently

coadesced, as the diamonds which you wear? (1 have put a specimen
outside of a piece of straw which was charred in a particular way - itisjust
like back lead.) Now this charred straw, this charcoal, and these diamonds,
are dl of them the same substance, changed but in their properties as
respects the force of cohesion.
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[Footnote 8: Red precipitate of biniodide of mercury. A
little care is necessary to obtain this precipitate. The
solution of iodide of potassum should be added to the
solution of perchloride of mercury (corrosive sublimate)
very gradudly. The red precipitate which firg fdlsis
redissolved when the liquid is irred: when alittle more of
the iodide of potassum is added a pale red precipitate is
formed, which, on the farther addition of theiodide,
changesinto the brilliant scarlet biniodide of mercury. If
too much iodide of potassum is added, the scarlet
precipitate disappears, and a colorless solution isleft.]

[Footnote 9: Paper coated with scarlet biniodide of
mercury. In order to fix the biniodide on paper, it must be
mixed with alittle wesk gum water, and then spread over
the paper, which must be dried without heet. Biniodide of
mercury is said to be dimorphous; that is, is able to assume
two different forms.]

Hereisapiece of glass [producing apiece of plate-glass about two inches
sguare]. (I shal want this afterward to look to and examineitsinterna
condition), and here is some of the same sort of glass differing only inits
power of cohesion, because while yet melted it had been dropped into cold
water [exhibiting a"Prince Rupert's drop,"'°], and if | take one of these
little tear-like pieces and bresk off ever so little from the point, the whole
will a once burst and fal to pieces. | will now bresk off apiece of this.
[The lecturer nipped off asmal piece from the end of one of Rupert's
drops, whereupon the whole immediately fdl to pieces] There! you see
the solid glass has suddenly become powder, and more than that, it has
knocked a hole in the glass vessdl in which it was held. | can show the
effect better in this bottle of water, and it is very likely the whole bottle
will go. [A 6-oz. vid wasfilled with water, and a Rupert's drop placed in
it with the point of the tail just projecting out; upon bresking the tip off,

the drop burgt, and the shock, being transmitted through the water to the
sides of the bottle, shattered the latter to pieces]

[Footnote 10: "Prince Rupert's Drops." These are made by
pouring drops of a melted green glassinto cold water. They
were not, as is commonly supposed, invented by Prince
Rupert, but were firg brought to England by him in 1660.
They excited agreat dedl of curiosity, and were considered
"aking of miradein nature]

Here is another form of the same kind of experiment. | have here some
more glass which has not been annealed [showing some thick glass
vesselg)™, and if | take one of these glass vessels and drop a piece of
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pounded glassinto it (or | will take some of these small pieces of rock
crystd; they have the advantage of being harder than glass), and so make
the least scratch upon the inside, the whole bottle will break to pieces - it
can not hold together. [ The lecturer here dropped a smdl fragment of rock
crystd into one of these glass vessd's, when the bottom immediatdly came
out and fed upon the plate] There! it goesthrough, just asit would
through aseve.

[Footnote 11: Thick glass vessals - They are called Proofs
or Bologna phias]

Now | have shown you these things for the purpose of bringing your
minds to see that bodies are not merely held together by this power of
cohesion, but that they are held together in very curious ways. And
suppose | take some thingsthat are held together by thisforce, and
examine them more minutdly. | will firg teke a bit of glass and if | giveit
ablow with ahammer | shdl just bresk it to pieces. You saw how it was
in the case of the flint when | broke the piece off; apiece of asmilar kind
would come off, just as you would expect; and if | were to breek it up ill
more, it would be, as you have seen, smply a collection of smal particles
of no definite shape or form. But suppos n% | take some other thing - this
stone, for instance [taking a piece of mica™?], and if | hammer this stone |
may batter it agreat ded before | can break it up. | may even bend it
without bresking it - that isto say, | may bend it in one particular direction
without bregking it much, dthough | fed in my handsthat | am doing it
someinjury. But now, if | take it by the edges, | find that it breaks up into
leef after leaf in a mogt extraordinary manner. Why should it break up like
that? Not because dl sonesdo, or dl crystds, for there is some sdt - you
know what common sdlt is**; hereisapiece of this sdt, which by naturd
circumstances has had its particles so brought together that they have been
alowed free opportunity of combining or codescing, and you shall see
what happensiif | take this piece of salt and break it. It does not break as
flint did, or as the mica did, but with a clean sharp angle and exact
surfaces, beautiful and glittering as diamonds [bresking it by gentle blows
with a hammer]; there is a square prism which | may break up into a
square cube. Y ou see these fragments are dl square; one side may be
longer than the other, but they will only split up so asto form square or
oblong pieces with cubical sides. Now | go alittle farther, and | find
another stone [lceland or calc-spar]™* which | may bresk in asimilar way,
but not with the same result. Hereis a piece which | have broken off, and
you see there are plain surfaces perfectly regular with respect to each
other, but it isnot cubicd - it iswhat we cdl arhomboid. It till bresksin
three directions most beautifully and regularly with polished surfaces, but
with doping sdes, not like the sdt. Why not? It is very manifest that this
isowing to the attraction of the particles one for the other being lessin the
direction in which they give way than in other directions. | have on the
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table before me anumber of little bits of cacareous spar, and |
recommend each of you to take a piece home, and then you can take a
knife and try to divideit in the direction of any of the surfaces aready
exiging. You will be ableto do it at once; but if you try to cut it acrossthe
crystds, you can not; by hammering you may bruise and bresk it up, but
you can only divide it into these beautiful little rhomboids.

[Footnote 12: Mica. A dlicate of duminaand magnesa It
has a bright metdlic lustre; hence its name, from mico, to
shine]

[Footnote 13: Common sdt or chloride of sodium
crysdlizesin the form of solid cubes, which, aggregated
together, form a mass, which may be broken up into the
separate cubes.]

[Footnote 14: Iceland or calc-spar. Native carbonate of lime
inits primitive crygdline form.]

Now | want you to understand a little more how thisis, and for this
purpose | am going to use the dectric light again. Y ou see we can not look
into the middle of a body this piece of glass. We percaive the outsde form
and the insde form, and we look through it, but we can not well find out
how these forms become o, and | want you, therefore, to take alessonin
the way in which we use aray of light for the purpose of seeing what isin
the interior of bodies. Light isathing which is, so0 to say, attracted by
every substance that gravitates (and we done not know any thing that does
not). All matters affects light more or less by what we may consder asa
kind of attraction, and | have arranged a very smple experiment upon the
floor of the room for the purpose of illugtrating this. | have put into that
basin afew things which those who are in the body of the theatre will not
be able to see, and | am going to make use of this power which matter
possesses of attracting aray of light. If Mr. Anderson pours some water,
gently and teadily, into the basin, the water will atract the rays of light
downward, and the piece of slver and the sealing-wax will appear to rise
up into the sight of those who were before not high enough to see over the
sde of the basin to its bottom. [Mr. Anderson here poured water into the
basin, and upon the lecturer asking whether any body could see the silver
and seding-wax, he was answered by a generd affirmative.] Now |
suppose that every body can see that they are not at al disturbed, while
from the way they appear to have risen up you would imagine the bottom
of the basin and the articles in it were two inches thick, athough they are
only one of our smal siver dishes and a piece of seding-wax which |

have put there. The light which now goesto you from that piece of Slver
was obstructed by the edge of the basin when there was no water there,
and you were unable to see anything of it; but when we poured in water
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the rays were attracted down by it over the edge of the basin, and you were
thus enabled to see the articles at the bottom.

| have shown you this experiment firgt, so that you might understand how
glass atracts light, and might then see how other substances like rock-sdt
and ca careous spar, mica, and other stones, would affect the light; and, if
Dr. Tyndd! will be good enough to let us use his light again, we will first

of dl show you how it may be bent by apiece of glass. [The dectric lamp
was again lit, and the beam of pardld rays of light which it emitted was
bent about and decomposed by means of the prism.] Now, here you see, if
| send the light through this piece of plain glass, A, it goes straight through
without being bent (unless the glass be held obliqudly, and then the
phenomenon becomes more complicated); but if | take this piece of glass,
B [apriam], you seeit will show avery different effect. It no longer goes
to that wall, but it is bent to this screen, C, and how much more beautiful it
is now [throwing the prismatic spectrum on the screen|. Thisray of light is
bent out of its course by the attraction of the glass upon it; and you seel
can turn and twist the rays to and fro in different parts of the room just as|
please. Now it goes there, now here. [The lecturer projected the prismatic
spectrum about the theatre.] Here | have the rays once more bent on to the
screen, and you see how wonderfully and beautifully that piece of glass
not only bends the light by virtue of its attraction, but actudly splitsit up
into different colors. Now | want you to understand thet this piece of glass
[the priam], being perfectly uniform initsinterna structure, tells us about
the action of these other bodies which are not uniform - which do not
merely cohere, but aso have within them, in different parts, different
degrees of cohesion, and thus attract and bend the light with varying
powers. We will now let the light pass through one or two of these things
which | just now showed you broke so curioudy: and, first of al, | will
take apiece of mica. Here, you see, isour ray of light: we havefird to
make it what we call polarized; but about that you need not trouble
yoursalves; it isonly to make our illustration more clear. Here, then, we
have our polarized ray of light, and | can so adjust it asto make the screen
upon which it is shining ether light or dark, dthough | have nothing in the
course of thisray of light but what is perfectly trangparent [turning the
andyzer round]. I will now make it so thet it is quite dark, and we will, in
the firgt ingtance, put a piece of common glass into the polarized ray so as
to show you that it does not enable the light to get through. Y ou see the
screen remains dark. The glass, then, interndly, has no effect upon light.
[The glass was removed and a piece of micaintroduced.] Now thereisthe
mica which we split up so curioudy into leaf after leaf, and see how that
enables the light to pass through to the screen, and how, as Dr. Tynddll
turnsit round in his hand, you have those different colors, pink, and

purple, and green, coming and going most beautifully; not that the micais
more transparent than the glass, but because of the different manner in
which its particles are arranged by the force of cohesion.
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Now we will see how calcareous spar acts upon thislight - that stone
which split up into rhombs, and of which you are each of you going to
take alittle piece home. [ The micawas removed, and a piece of cac-spar
introduced at A.] See how that turns the light round and round, and
produces these rings and that black cross. Look at those colors: are they
not most beautiful for you and for me? (for | enjoy things as much asyou
do). In what awonderful manner they open out to us internd arrangement
of the particles of this calcareous spar by the force of cohesion.

And now | will show you another experiment. Here isthat piece of glass
which before had no action upon the light. Y ou shal see what it will do
when we apply pressure to it. Here, then, we have our ray of polarized
light, and I will firgt of al show you that the glass has no effect uponiitin
itsordinary state; when | place it in the course of the light, the screen il
remains dark. Now Dr. Tynddl will pressthat bit of glass between three
little points, one point against two, so as to bring a strain upon the parts,
and you will see what a curious effect that has. [Upon the screen two
white dots gradually gppeared.] Ah! these points show the position of the
grain; in these parts the force of cohesion is being exerted in a different
degreeto what it isin the other parts, and hence it dlowsthe light to pass
through. How beautiful that isl how it makes the light come through some
parts and leaves it dark in others, and al because we weaken the force of
cohesion between particle and particle. Whether you have this mechanica
power of straining, or whether we take other means, we get the same
result; and, indeed, | will show you by another experiment that if we hesat
the glassin one part, it will dter itsinterna structure and produce a
amilar effect. Hereis apiece of common glass, and if | insert thisin the
path of the polarized ray, | believeit will do nothing. Thereis the common
glass[introducing it]. No light passes through; the screen remains quite
dark; but | am going to warm this glass in the lamp, and you know
yoursalves that when you pour warm water upon glass you put a strain
upon it sufficient to bregk it sometimes something like there was in the
case of the Prince Rupert's drops. [ The glass was warmed in the spirit
lamp, and again placed across the ray of light.] Now you see how
beautifully the light goes through those parts which are hot, making dark
and light linesjust asthe crystd did, and al because of the dteration |
have effected in itsinterna condition; for these dark and light partsare a
proof of the presence of forces acting and dragging in different directions
within the solid mass.

Lecturelll: Cohesion - Chemical Affinity

Wewill firg return for afew minutes to one of the experiments made
yesterday. Y ou remember what we put together on that occasion -
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powdered alum and warm water. Here is one of the basins then used.
Nothing has been doneto it Snce; but you will find, on examining it, that
it no longer contains any powder, but anumber of beautiful crysds. Here
aso are the pieces of coke which | put into the other basin; they have a
fine mass of crystds about them. That other basin | will leave asitis. |
will not pour the water from it, because it will show you that the particles
of dum have done something more than merdly crystalize together. They
have pushed the dirty matter from them, laying it around the outsde or
outer edge of the lower crystals squeezed out, asit were, by the strong
attraction which the particles of dum have for each other.

And now for another experiment. We have dready gained a knowledge of
the manner in which the particles of bodies - of solid bodies - attract each
other, and we have learned that it makes ca careous spar, and so forth,
crysdlize in these regular forms. Now let me gradudly lead your minds

to aknowledge of the means we possess of making this attraction ater a
little in its force; either of increasing, or diminishing, or, goparently, of
destroying it atogether. | will take this piece of iron [arod of iron about
two feet long and a quarter of an inch in diameter]. It has at present a greet
ded of drength, dueto its atraction of cohesion; but if Mr. Anderson will
make part of this red-hot in the fire, we shdl then find that it will become
Soft, just as sedling-wax will when heeted, and we shdl aso find that the
more it is heated the softer it becomes. Ah! but what does soft mean?
Why, that the attraction between the particles is so weskened that it is no
longer sufficient to resst the power we bring to bear upon it. [Mr.
Anderson handed to the lecturer theiron rod, with one end red-hot, which
he showed could be easily twisted about with apair of pliers] You seel
now find no difficulty in bending this end about as | like, whereas | can

not bend the cold part at dl. And you know how the smith takes a piece of
iron and heatsit in order to render it soft for his purpose: he acts upon our
principle of lessening the adhesion of the particles, dthough heis not
exactly acquainted with the terms by which we expressiit.

And now we have another point to examine, and thisweater isagain avery
good substance to take as an illugtration (as philosopherswe cdll it dll
water, even though it be in the form of ice or steam). Why isthis water
hard? [pointing to ablock of ice]; because the attraction of the particlesto
each other is sufficient to make them retain their places in opposition to
force applied to it. But what happens when we make the ice warm? Why,
in that case we diminish to such alarge extent the power of attraction that
the solid substance is destroyed dtogether. Let meilludrate this: 1 will

take ared hot bal of iron [Mr. Anderson, by means of a pair of tongs,
handed to the lecturer ared-hot bal of iron, about two inches in diameter],
because it will serve as a convenient source of heet [placing the red- hot
iron in the centre of the block of ice]. You see | am now mdting theice
where the iron touchesiit. Y ou see theiron sinking into it; and while part
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of the solid water is becoming liquid, the heet of the bal is rgpidly going
off. A certain part of the water is actualy risng in steam, the atraction of
some of the partidlesis so much diminished thet they can not even hold
together in the liquid form, but escape as vapor. At the same time, you see
| can not melt dl thisice by the heat contained in thisbal. In the course of
avery short time | shdl find it will have become quite cold.

Here is the water which we have produced by destroying some of the
attraction which existed between the particles of theice, for below a
certain temperature the particles of water increase in their mutua

attraction and become ice; and above a certain temperature the attraction
decreases and the water becomes steam. And exactly the same thing
happens with platinum, and nearly every substance in nature; if the
temperature isincreased to a certain point it becomes liquid and afarther
increase convertsit into agas. Isit not aglorious thing for usto look at the
seq, therivers, and so forth, and to know that this same body in the
northern regionsis dl solid ice and icebergs, while here, in awarmer
climate, it hasits atraction of coheson so much diminished asto beliquid
water? Wdl, in diminishing this force of attraction between the particles

of ice, we made use of another force, namely, that of heet; and | want you
now to understand that this force of heet is aways concerned when water
passes from the solid to the liquid state. If | melticein other ways | can
not do without heet (for we have the means of making ice liquid without
heat - that isto say, without using heat as adirect cause). Suppose, for
illugtration, | make avessd out of this piece of tinfoil [bending the foil up
into the shape of adish]. | am making it metdlic, because | want the heat
which | am about to ded with to pass readily through it; and | am going to
pour alittle water on this board, and then place the tin vessd on it. Now if
| put some of thisice into the metal dish, and then proceed to make it
liquid by any of the various means we have & our command, it sill must
take the necessary quantity of heat from something, and in this case it will
take the heet from the tray, and from the water underneath, and fromthe
other things round about. Well, alittle salt added to the ice has the power
of causing it to mdt, and we shdl very shortly see the mixture become
quite fluid, and you will then find that the water benesth will be frozen -
frozen because it has been forced to give up hat heat which is necessary to
keep it in the liquid state to the ice on becoming liquid. | remember once,
when | was aboy, hearing of atrick in acountry ade-house: the point was
how to melt ice in aquart pot by the fire and freeze it to the stool. Well,
the way they did it wasthis: they put some pounded ice in a pewter pot,
and added some sdt to it, and the consegquence was that when the st was
mixed with it, the ice in the pot melted (they did not tell me any thing

about the salt and they set the pot by the fire, just to make the result more
mysterious), and in a short time the pot and the stool were frozen together,
aswe shdl very shortly find it to be the case here, and dl because st has
the power of lessening the attraction between the particles of ice. Here you
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seethetin dish is frozen to the board; | can even lift thelittle ool up by
it.

This experiment can nat, | think, fail to impress upon your minds the fact
that whenever asolid body loses some of that force of attraction by means
of which it remains solid, heat is absorbed; and if, on the other hand, we
convert aliquid into asolid, e. g., water into ice, a corresponding amount
of heat isgiven out. | have an experiment showing this to be the case.
Hereisabulb, A, filled with air, the tube from which dipsinto some
colored liquid in the vessel B. And | dare say you know that if | put my
hand on the bulb A, and warm it, the colored liquid which is now standing
inthetube a C will travel forward. Now we have discovered ameans, by
great care and research into the properties of various bodies, of preparing a
solution of asalt™® which, if shaken or disturbed, will a once become a
solid; and as | explained to you just now (for what is true of water istrue
of every other liquid), by reason of its becoming solid hest is evolved, and
| can make this evident to you by pouring it over this bulb; there! it is
becoming solid; and look at the colored liquid, how it is being driven
down the tube, and how it is bubbling out through the water at the end;
and so we learn this beautiful law of our philosophy, that whenever we
diminish the atraction of cohesion we absorb heet, and whenever we
increase that attraction heet is evolved. This, then, isagreet step in
advance, for you have learned a greet ded in addition to the mere
circumstance that particles attract each other. But you must not now
suppose that because they are liquid they have lost their attraction of
cohesion; for hereisthe fluid mercury, and if | pour it from one vessd into
another, | find that it will form a stream from the bottle down to the glass -
acontinuous rod of fluid mercury, the particles of which have attraction
aufficient to make them hold together dl the way through the air down to
the glassitsdf; and if | pour water quietly from ajug, | can causeit to run
in a continuous stream in the same manner. Again: let me put alittle water
on this piece of plate glass, and then take another plate of glass and puit it
on the water; there! the upper plateis quite free to move, gliding about on
the lower one from sdeto Side; and yet, if | take hold of the upper plate
and lift it up straight, the cohesion is S0 greet that the lower oneished up
by it. See how it runs about as | move the upper one, and thisisal owing
to the strong attraction of the particles of the water. Let me show you
another experiment. If | take alittle sogp and water - not that the soap
makes the particles of the water more adhesive one for the other, but it
certainly has the power of continuing in a better manner the atraction of
the particles (and let me advise you, when about to experiment with soap
bubbles, to take care to have every thing lean and soapy). | will now blow
abubble, and that | may be able to talk and blow a bubble too, | will take a
plate with alittle of the sogpsudsin it, and will just Sogp the edges of the
pipe and blow a bubble on to the plate. Now there is our bubble. Why does
it hold together in this manner? Why, because the weter of which it is
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composed has an attraction of particle for particle - so great, indeed, that it
givesto this bubble the very power of an India-rubber bal; for you see; if

| introduce one end of this glass tube into the bubble, that it has the power
of contracting so powerfully asto force enough ar through the tube to
blow out alight; the light is blown out. And look! see how the bubbleis
disappearing - see how it is getting smdler and smdler.

[Footnote 15: Solution of a sdt. Acetate of soda. A solution
saturated, or nearly o, at the boiling point, is necessary,
and it must be alowed to cool, and remain at rest until the
experiment is made]

There are twenty other experiments | might show you to illustrate this
power of cohesion of the particles of liquids. For instance, what would you
propose to meif, having lost the stopper out of this acohol bottle, | should
want to close it speedily with something near at hand. Wdll, abit of paper
would not do, but a piece of linen cloth would, or some of this cotton wool
which | have here. | will put atuft of it into the neck of the dcohal bottle,
and you see, when | turn it upside down, that it is perfectly well soppered
so far asthe dcohol is concerned; the air can pass through, but the acohol
can not. And it | wereto take an oil vessd this plan would do equdly well,
for in former times they used to send us oil from Italy in flasks soppered
only with cotton wool (at the present time the cotton is put in after the oil
has arrived here, but formerly it used to be sent so stoppered). Now if it
were not for the particles of liquid cohering together, this acohol would
run out; and if | had time | could have shown you a vessd with the top,
bottom, and sides atogether formed like asieve, and yet it would hold
water, owing to the cohesion.

Y ou have now seen that the solid water can become fluid by the addition
of heat, owing to thislessening the attractive force between its particles,
and yet you see that thereisagood ded of attractive force remaining
behind. | want now to take you another step beyond. We saw that if we
continued applying heat to the water (as indeed happened with our piece
of ice here), that we did at last break up that attraction which holds the
liquid together, and | am about to take some other (any other liquid would
do, but ether makes a better experiment for my purpose) in order to
illustrate what will happen when this cohesion is broken up. Now this
liquid ether, if exposed to avery low temperature, will become asolid; but
if we gpply hedt to it, it becomes vapor; and | want to show you the
enormous bulk of the substance in this new form: when we make iceinto
water, we lessen its bulk; but when we convert water into steam, we
increase it to an enormous extent. You seeit is very clear that as | apply
heet to the liquid diminish its attraction of cohesion; it is now bailing, and

| will st fire to the vapor, so that you may be enabled to judge of the
gpace occupied by the ether in thisform by the sze of its flame; and you
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now see what an enormoudy bulky flame| get from that smal volume of
ether below. The heat from the spirit lamp is now being consumed, not in
meaking the ether any warmer, but in converting it into vapor; and if |
desired to catch this vapor and condense it (as | could without much
difficulty), | should have to do the same asIf | wished to convert seam
into water and water into ice: in either case it would be necessary to
increase the attraction of the particles by cold or otherwise. So largdly is
the bulk occupied by the particles increased by giving them this
diminished attraction, that if | were to take a portion of water a cubic inch
in bulk (A), should produce avolume of steam of that Size, B [1,700 cubic
inches, nearly a cubic foot], so grestly is the attraction of cohesion
diminished by heat; and yet it dill remains water. Y ou can easly imagine
the consegquences which are due to this change in volume by hest - the
mighty powers of steam and the tremendous explosions which are
sometimes produced by this force of water. | want you now to see another
experiment, which will perhaps give you a better illugtration of the bulk
occupied by abody when in the state of vapor. Here is a substance which
we cal iodine, and | am about to submit this solid body to the same kind
of condition as regards hegt that | did the water and the ether [putting a
few grains of iodine into a hot glass globe, which immediately became
filled with the violet vagpor], and you see the same kind of change
produced. Moreover, it gives us the opportunity of observing how
beautiful isthe violet - colored vapor from this black substance, or rather
the mixture of the vapor with air (for | would not wish you to understand
thet this globe is entirely filled with the vapor of iodine).

If I had taken mercury and converted it into vapor (as| could easily do), |
should have a perfectly colorless vapor; for you must understand this
about vapors, that bodiesin what we cal the vaporous or the gaseous state
are always perfectly transparent, never cloudy or smoky; they are,
however, often colored, and we can frequently have colored vapors or
gases produced by colorless particles themsel ves mixing together, asin
thiscase [}the lecturer here inverted a glass cylinder full of binoxide of
nitrogen*° over acylinder of oxygen, when the dark red vapor of
hyponitrous acid was produced]. Here dso you see a very excdlent
illudtration of the effect of a power of nature which we have not as yet
come to, but which stands next on our list Chemicd Affinity. And thus

you see we can have aviolet vapor or an orange vapor, and different other
kinds of vapor, but they are always perfectly transparent, or else they
would cease to be vapors.

[Footnote 16: Binoxide of nitrogen and hyponitrous acid.
Binoxide of nitrogen is formed when nitric acid and allittle
water are added to some copper turnings. It produces deep
red fumes as soon as it comes in contact with the air, by
combining with the oxygen of the latter to form
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hyponitrous acid. Binoxide of nitrogen is composed of two
parts of oxygen and one part of nitrogen; hyponitrous acid
is composed of one part of nitrogen and three parts of

oxygen,]

| am now going to lead you a step beyond this consderation of the
attraction of the particles for each other. Y ou see we have come to
understand that, if we take water as an illugtration, whether it beice, or
water, or steam, it is awaysto be consdered by us as water. Well, now
prepare your minds to go alittle degper into the subject. We have means
of searching into the congtitution of water beyond any that are afforded us
by the action of heet, and among these one of the most important is that
force which we call voltaic dectricity, which we used a our last meeting
for the purpose of obtaining light, and which we carried about the room by
means of these wires. Thisforceis produced by the battery behind me, to
which, however, | will not now refer more particularly; before we have
done we shdl know more about this battery, but it must grow up in our
knowledge as we proceed. Now hereis a portion of weter in thislittle
vessd, C, and besides the water there are two plates of the metal platinum,
which are connected with the wires (A and B) coming outside, and | want
to examine that water, and the state and the condition in which its particles
are arranged. If | were to apply hest to it you know what we should get; it
would assume the state of vapor, but it would nevertheess remain weter,
and would return to the liquid state as soon as the heat was removed. Now
by means of these wires (which are connected with the battery behind me,
and come under the floor and up through the table) we shdl have acertain
amount of this new power at our disposd. Here you see it is[causing the
ends of the wiresto touch] - that is the eectric light we used yesterday,
and by means of these wires we can cause water to submit itsdf to this
power; for the moment | put them into metallic connection (at A and B),
you see the water bailing in that little vessd (C), and you hear the
bubbling of the gas thet is going through the tube (D). See how | am
converting the water into vapor; and if | take alittle vessd (E), and fill it
with water, and put it into the trough over the end of the tube (D), there
goes the vapor ascending into the vessdl. And yet that is not steam, for you
know that if steam is brought near cold water, it would a once condense,
and return back again to water; this, then, can not be steam, for it is
bubbling through the cold water in this trough; but it is a vaporous
substance, and we must therefore examine it carefully, to see in what way
the water has been changed. And now, in order to give you a proof that it
isnot seam, | am going to show you that it is combugtible; for if | take
thissmall vesd to alight, the vapor insde explodes in a manner that
steam could never do.

I will now fill thislarge bell-jar (F) with water; and | propose letting the
gas ascend into it, and | will then show you that we can reproduce the
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water back again from the vapor or ar that isthere. Hereis a strong gass
vessH (G), and into it we will let the gas (from F) pass. We will therefire
it by the eectric spark, and then, after the explosion, you will find that we
have got the water back again; it will not be much, however, for you will
recollect that | showed you how small a portion of water produced a very
large volume of vapor. Mr. Anderson will now pump al the air out of this
vessH (G), and when | have screwed it on to the top of our jar of gas (F),
you will see, upon opening the stop-cocks (H H H), the water will jump
up, showing that some of the gas has passed into the glass vessd. | will
now shut these stop-cocks, and we shall be able to send the eectric spark
through the gas by means of the wires (1, K) in the upper part of the vessd,
and you will see it burn with a mogt intense flash. [Mr. Anderson here
brought a Leyden jar, which he discharged through the confined gas by
means of thewires|, K.] You saw the flash, and now that you may see
that thereis no longer any gasremaning, if | placeit over the jar and open
the stop-cocks again, up will go the gas, and we can have a second
combustion; and o | might go on again and again, and | should continue
to accumulate more and more of the water to which the gas has returned.
Now is not this curious? In this vessel (C) we can go on making from
water alarge bulk of permanent gas, aswe cdl it, and then we can
reconvert it into water in thisway. [Mr. Anderson brought in another
Leyden jar, which, however, from some cause, would not ignite the ges. It
was therefore recharged, when the explosion took place in the desired
manner.] How beautifully we get our results when we are right in our
proceedings! It is not that Nature is wrong when we make a mistake. Now
| will lay this vessdl (G) down by my right hand, and you can examine it
by-and-by; there is not very much water flowing down, but thereis quite
aufficient for you to see.

Another wonderful thing about this mode of changing the condition of the
water isthis: that we are able to get the separate parts of which it is
composed at a distance the one from the other, and to examine them, and
see what they are like, and how many of them there are; and for this
purpose | have here some more weter in adightly different apparatus to
the former one, and if | place thisin connection with the wires of the
battery (at A, B), | shdl get asmilar decomposition of the water at the
two platinum plates. Now | will put thislittle tube (O) over there, and that
will collect the gas together that comes from thisside (A), and this tube
(H) will collect the gas that comes from the other sde (B), and | think we
shall soon be able to see adifference. In this apparatusthe wiresare a
good way gpart from each other, and it now seems that each of them is
capable of drawing off particles from the water and sending them off, and
you see that one set of particles (H) is coming off twice asfast as those
collected in the other tube (O). Something is coming out of the water there
(at H) which burns [setting fire to the gas]; but what comes out of the
water here (at O), dthough it will not burn, will support combustion very
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vigoroudy. [The lecturer here placed amatch with aglowing tip in the
gas, when it immediately rekindled.]

Here, then, we have two things, neither of them being water done, but
which we get out of the water. Water is therefore composed of two
substances different to itsalf, which gppear at separate placeswheniitis
meade to submit to the force which | have in these wires; and if take an
inverted tube of water and collect this gas (H), you will seethat it isby no
means the same as the one we collected in the former apparatus. That
exploded with aloud noise when it was lighted, but thiswill burn quite
noisdedy: it is cdled hydrogen; and the other we cdl oxygen - that gas
which so beautifully brightness up all combustion, but does not burn of
itself. So now we see that water consists of two kinds of particles
attracting each other in a very different manner to the attraction of
gravitation or cohesion, and this new attraction we cdl chemicd afinity,
or the force of chemica action between different bodies, we are now no
longer concerned with the attraction of iron for iron, water for water, wood
for wood, or like bodies for each other, as we were when deding with the
force of cohesion; we are dealing with another kind of attraction - the
attraction between particles of a different nature one to the other.
Chemicd afinity depends entirely upon the energy with which particles of
different kinds attract each other. Oxygen and hydrogen are particles of
different kinds, and it istheir attraction to each other which makes them
chemicaly combine and produce water.

| must now show you alittle more at large what chemicd affinity is. | can
prepare these gases from other substances as well as from water; and we
will now prepare some oxygen: here is another substance which contains
oxygen - chlorate of potash; | will put some of it into this glass retort, and
Mr. Anderson will gpply hest to it: we have here different jars filled with
water, and when, by the gpplication of heat, the chlorate of potash is
decomposed, we will displace the water, and fill thejars with ges.

Now, when weter is opened out in thisway by means of the battery, which
adds nothing to it materidly, which takes nothing from it materidly (I

mean no matter; | am not speaking of force), which adds no meatter to the
water, it is changed in thisway - the gas which you saw burning alittle
while ago, cdled hydrogen, is evolved in large quantity, and the other gas,
oxygen, isevolved in only haf the quantity; so that these two aress
represent water, and these are aways the proportions between the two
gases.

Oxygen . . . . . 88.9 Hydrogen . . . . 11.1
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But oxygen is Sixteen times the weight of the other - eight times as heavy
asthe particles of hydrogen in the water; and you therefore know that
water is composed of nine parts by weight - one of hydrogen and eight of

oxygen; thus
Hydrogen .......... 46.2 cubicinches................... =1gran
Oxygen............. 231" =8 grans

Now Mr. Anderson has prepared some oxygen, and we will proceed to
examinewha is the character of thisgas. Firg of dl, you remember | told
you that it does not burn, but that it affects the burning of other bodies. |
will just = fire to the point of thislittle bit of wood, and then plunge it
into the jar of oxygen, and you will see what this gas doesin increasing
the brilliancy of the combustion. It does not burn, it does not tekefire as
the hydrogen would; but how vividly the combustion of the match goes
on! Again, if | wereto take thiswax tgper and light it, and turn it upside
down intheair, it would, in dl probability, put itsdf out, owing to the wax
running down into the wick. [The lecturer here turned the lighted taper
upside down, when in afew seconds it went out.] Now that will not
happen in oxygen gas, you will see how differently it acts. [ The taper was
again lighted, turned upside down, and then introduced into a jar of
oxygen.] Look at that! See how the very wax itself burns, and fals down
in adazzling stream of fire, so powerfully does the oxygen support
combusdtiot. Again, hereis another experiment which will serveto
illustrate the force, if | may so cdl it, of oxygen. | have here acircular
flame of soirit of wine, and with it | am about to show you theway in
which iron burns, because it will serve very well as a comparison between
the effect produced by air and oxygen. If | take thisring flame, | can
shake, by means of aseve, thefine particles of iron filings through it, and
you will see the way in which they burn. [The lecturer here shook through
the flame some iron filings, which took fire and fdl through with beautiful
scintillations] But if |1 now hold the flame over ajar of oxygen [the
experiment was repeated over ajar of oxygen, when the combustion of the
filings as they fdl into the oxygen became amost insupportably brilliant],
you see how wonderfully different the effect isin the jar, because there we
have oxygen ingtead of common air.

LecturelV: Chemical Affinity - Heat

We shdl haveto pay alittle more attention to the forces exigting in water
before we can have a clear idea on the subject. Besides the attraction
which there is between its particles to make it hold together asaliquid or a
solid, there is dso another force, different from the former - one which,
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yesterday, by means of the voltaic battery, we overcame, drawing from the
water two different substances, which, when heated by means of the
electric spark, attracted each other, and rushed into combination to
reproduce water. Now | propose to-day to continue this subject, and trace
the various phenomena of chemicd affinity; and for this purpose, aswe
yesterday consdered the character of oxygen, of which | have here two
jars (oxygen being those particles derived from the water which enable
other bodies to burn), we will now consider the other constituent of water,
and, without embarrassing you too much with the way in which these
things are made, | will proceed now to show you our common way of
making hydrogen. (I called it hydrogen yesterday: it is so cdled because it
helps to generate water.)*’ | put into this retort some zinc, water, and ail of
vitriol, and immediately an action takes place, which produces an

abundant evolution of gas, now coming over into this jar, and bubbling up
in appearance exactly like the oxygen we obtained yesterday.

[Footnote 17: Y dwp, "water," and yevvaw, "l generate."]

The processes, you see, are very different, though the result is the same, in
S0 far asit gives us certain gaseous particles. Here, then, isthe hydrogen. |
showed you yesterday certain qudities of this gas, now let me exhibit you
some other properties. Unlike oxygen, which is a supporter of combustion
and will not burn, hydrogen itsdlf is combudtible. Thereisajar full of it;
and if | carry it dong in thismanner and put alight to it, | think you will
seeit takefire - not with abright light; you will, & dl events, hear it if you
do not seeit. Now that is abody entirdly different from oxygen; it is
extremdy light; for, athough yesterday you saw twice as much of this
hydrogen produced on the one sde as on the other by the voltaic battery, it
was only one-eighth the weight of the oxygen. | carry thisjar upside
down. Why? Because | know that it isavery light body, and that it will
continue in this jar upside down quite as effectudly as the water will in

that jar which is not upside down; and just as| can pour water from one
vessd into another in the right position to receiveit, so can | pour thisgas
from onejar into another when they are upside down. See what | am about
to do. Thereis no hydrogen in thisjar a present, but | will gently turn this
jar of hydrogen up under this other jar, and then we will examine the two.
We shdl see, on goplying alight, that the hydrogen has left the jar in
which it was & first, and has poured upward into the other, and there we
shdl find it.

Y ou now understand that we can have particles of very different k_nds,
and that they can have different bulks and weights, and there are two or
three very interesting experiments which serve to illugtrate this. For
ingance, if | blow sogp bubbles with the breath from my mouth, you will
see them fdl, because | fill them with common air, and the water which
forms the bubble carriesit down. But now, if | inhae hydrogen gasinto
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my lungs (it does no harm to the lungs, dthough it does no good to them),
see what happens. [ The lecturer inhaled some hydrogen, and, after one or
two ineffectud attempts, succeeded in blowing a splendid bubble, which
rose mgesticaly and dowly to the ceiling of the theetre, whereiit burst.]
That shows you very well how light a substance thisiis; for,
notwithstanding al the heavy bad ar from my lungs, and the weight of the
bubble, you saw how it was carried up. | want you now to consider this
phenomenon of weight asindicating how exceedingly different particles
are one from the other; and | will take asillustrations these very common
things, air, water, the heaviest body, platinum, and this gas, and observe
how they differ in this repect; for if | take apiece of platinum of that Sze,
itisequd to the weight of portions of water, air, and hydrogen of the
bulks | have represented in these spheres, and thisillustration gives you a
very good idea of the extraordinary difference with regard to the gravity of
the artides having this enormous difference in bulk. [ The following

tabular statement having reference to thisillusiration gppeared on the

diagram board.]
N

|Hydrogen. . .................... 1] 01|
| | | L
|AT. 14.4 | 1] |
| | | LT
|[Water..................... 11943 | 829 | 1 |
| | | Ll
|Platinum................ 256774 | 17831 | 21.5 |

Whenever oxygen and hydrogen unite together they produce water, and
you have seen the extraordinary difference between the bulk and
appearance of the water so produced and the particles of which it conssts
chemicaly. Now we have never yet been able to reduce either oxygen or
hydrogen to the liquid state; and yet ther first impulse, when chemicaly
combined, isto take up firg this liquid condition and then the solid
condition. We never combine these different particles together without
producing water; and it is curious to think how often you must have made
the experiment of combining oxygen and hydrogen to form water without
knowing it. Take acandle, for instance, and a clean slver spoon (or a
piece of clean tin will do), and, if you hold it over the flame, you
immediately cover it with dew - not asmoke - which presently evaporates.
This, perhaps, will serveto show it better. Mr. Anderson will put acandle
under that jar, and you will see how soon the water is produced. Look at
that dimness on the sides of the glass, which will soon produce drops, and
trickle down into the plate. Well, that dimness and these drops are water,
formed by the union of the oxygen of the air with the hydrogen exigting in
the wax of which that candleis formed.

And now, having brought you, in the first place, to the consderation of

chemicd atraction, | must enlarge your ideas so asto include dl
substances which have this attraction for each other; for it changesthe
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character of bodies, and dtersthem in thisway and that way in the most
extraordinary manner, and produces other phenomena wonderful the think
about. Hereis some chlorate of potash, and there some sulphuret of
antimony™®. We will mix these two different sets of particles together and |
want to show you, in agenerd sort of way, some of the phenomenawhich
take place when we make different particles act together. Now | can make
these bodies act upon each other in severa ways. In this case | am going to
goply that to the mixture; but if | were to give ablow with a hammer, the
same result would follow. [A lighted match was brought to the mixture,
which immediatdly exploded with sudden flash, evolving a dense white
smoke.] There you see the result of the action of chemica afinity
overcoming the attraction of coheson of the particles. Again, hereisa

little sugar'®, quite a different substance from the black sulphuret of
antimony, and you shall see what takes place when we put the two
together. [ The mixture was touched with sulphuric acid, when it took fire,
and burnt gradualy and with a brighter flame than in the former instance.]
Observe this chemicd affinity traveling about the mass, and setting it on
fire, and throwing it into such wonderful agitation!

[Footnote 18: Chlorate of potash and sulphuret of
antimony. Great care must be taken in mixing these
substances, as the mixture is dangeroudy explosve. They
must be powdered separately and mixed together with a
feather on a sheet of paper, or by passing them, severa
timesthrough asmdl seve]

[Footnote 19: The mixture of chlorate of potash and sugar
does not require the same precautions. They may be rubbed
together in a pestle and mortar without fear. One part of
chlorate of potash and three parts of sugar will answer. The
mixture need only be touched with a glass rod dipped in oil
of vitriol.]

| must now come to afew circumstances which require careful
congderation. We have dready examined one of the effects of this
chemicd &ffinity, but, to make the matter more clear, we must point out
some others. And here are two sdlts dissolved in water®®. They are both
colorless solutions, and in these glasses you can not see any difference
between them. But if | mix them, | shal have chemicd attraction take
place. | will pour the two together into this glass, and you will a once see,
| have no doubt, a certain amount of change. Look, they are dready
becoming milky, but they are duggish in their action - not quick as the
others were - for we have endless varieties of ragpidity in chemica action.
Now, if I mix them together, and stir them 0 as to bring them properly
together, you will soon see what adifferent result is produced. As| mix
them they get thicker and thicker, and you see the liquid is hardening and
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diffening, and before long | shdl have it quite hard; and before the end of
the lecture it will be a solid stone - awet stone, no doubt, but more or less
solid - in consequence of the chemicd afinity. Is not this changing two
liquids into asolid body awonderful manifetation of chemicd affinity?

[Footnote 20: Two salts dissolved in water. Sulphate of
soda and chloride of cacium. The solutions must be
saturated for the experiment to succeed well.]

There is ancther remarkable circumatance in chemicd affinity, whichiis,
that it is cgpable of ether waiting or acting a once. And thisis very
sngular, because we know of nothing of the kind in the forces ether of
gravitation or cohesion. For instance: here are some oxygen particles, and
hereisalump of carbon particles. | am going to put the carbon particles
into the oxygen; they can act, but they do not - they arejust like this
unlighted candle. It stands here quietly on the table, waiting until we want
to light it. But it isnot so in this other case: hereis a substance, gaseous
like the oxygen, and if | put these particles of metd into it the two
combine a once. The copper and the chlorine unite by their power of
chemica afinity, and produce abody entirdy unlike ether of the
substances used. And in this other casg, it is not that thereis any
deficiency of affinity between the carbon and oxygen, for the moment |
choose to put them in a condition to exert their affinity, you will seethe
difference. [ The piece of charcod was ignited, and introduced into the jar
of oxygen, when the combustion proceeded with vivid scintillations]

Now this chemicd action is set going exactly asit would beit | had

lighted the candle, or asit is when the servant puts coas on and lights the
fire: the substances wait until we do something which isable to dart the
action. Can any thing be more beautiful than this combustion of charcoa

in oxygen? Y ou must understand that each of these little sparksisa
portion of the charcod, or the bark of the charcoa thrown off white hot
into the oxygen, and burning in it mogt brilliantly, as you see. And now let
me tdll you another thing, or you will go away with a very imperfect

notion of the powers and effects of this affinity. There you see some
charcod burning in oxygen. Well, apiece of lead will burn in oxygen just
aswell as the charcoal does, or indeed better, for absolutely that piece of
lead will act at once upon the oxygen as the copper did in the other vessdl
with regard to the chlorine. And here, o, apiece of iron - if | light it and
put it into the oxygen, it will burn away just as the carbon did. And | will
take some lead, and show you thet it will burn in the common atmospheric
oxygen a the ordinary temperature. These are the lumps of lead which

you remember we had the other day - the two pieces which clung together.
Now these pieces, if | take them to-day and press them together, will not
stick, and the reason is that they have attracted from the atmosphere a part
of the oxygen there present, and have become coated as with avarnish by
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the oxide of lead, which isformed on the surface by ared process of
combustion or combination. There you see the iron burning very well in
oxygen, and | will tel you the reason why those scissors and that lead do
not take fire while they are lying on the table. Here the lead isin alump,
and the coating of oxide remains on its surface, while there you see the
melted oxide is dearing itsdf off from the iron, and adlowing more and
more to go on burning. In this case, however, [holding up asmdl glass
tube containing lead pyrophorus®}], the lead has been very carefully
produced in fine powder, and put into a glass tube, and hermeticaly seded
S0 asto preserveit, and | expect you will seeit takefire at once. This has
been made about a month ago, and has thus had time to sink down to its
norma temperature; what you see, therefore, isthe result of chemica
affinity done. [ The tube was broken at the end, and the lead poured out on
to a piece of paper, whereupon it immediately took fire.] Look! look at the
lead burning! Why, it has st fire to the paper! Now that is nothing more
than the common affinity dways exigting between very clean lead and the
atmospheric oxygen; and the reason why this iron does not burn until it is
made red hot is because it has got a coating of oxide about it, which stops
the action of the oxygen - putting avarnish, asit were, upon its surface, as
we varnish apicture - absolutely forming a substance which preventsthe
natural chemicad affinity between the bodies from acting.

[Footnote 21: Lead pyrophorus. Thisis tartrate of lead
which has been heated in a glass tube to dull redness as
long as vapors are emitted. As soon as they ceaseto be
evolved the end of the tube is sedled, and it is allowed to
cool.]

| must now take you alittle father in thiskind of illustration, or
consideration | would rather cdl it, of chemica affinity. Thisatraction
between different particles exists dso most curioudy in cases where they
are previoudy combined with other substances. Hereis alittle chlorate of
potash containing the oxygen which we found yesterday could be procured
from it; it contains the oxygen there combined and held down by its
chemicd afinity with other things, but Hill it can combine with sugar, as
you saw. This affinity can thus act across substances, and | want you to
see how curioudy what we call combustion acts with respect to this force
of chemicd &ffinity. If | take apiece of phogphorus and st fire to it, and
then place ajar of ar over the phosphorus, you see the combustion which
we are having there on account of chemica affinity (combustion beingin
al casesthe result of chemica affinity). The phosphorusis escaping in
that vapor, which will condense into a snowlike mass at the close of the
lecture. But suppose | limit the atmosphere, what then? why, even the
phosphorus will go out. Here is a piece of camphor, which will burn very
well in the aamosphere, and even on water it will float about and burn, by
reason of some of its particles gaining accessto the air. But if | limit the
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quantity of ar by placing ajar over it, as| am now doing, you will soon
find the camphor will go out. Well, why does it go out? not for want of air,
for thereis plenty of ar remaining in the jar. Perhaps you will be shrewd
enough to say for want of oxygen.

This, therefore, leads us to the inquiry as to whether oxygen can do more
than a certain amount of work. The oxygen there can not go on burning an
unlimited quantity of candle, for that has gone out, as you see; and its
amount of chemicd attraction or affinity isjust as srikingly limited: it can
no more be fallen short of or exceeded than can the attraction of
gravitation. Y ou might as soon attempt to destroy gravitation, or weight,
or al things that exist, asto destroy the exact amount of force exerted by
this oxygen. And when | pointed out to you that eight by weight of oxygen
to one by weight of hydrogen went to form water, | meant this, that neither
of them would combine in different proportions with the other, for you can
not get ten of hydrogen to combine with Sx of oxygen, or ten of oxygen to
combine with sx of hydrogen; it must be eight of oxygen and one of
hydrogen. Now suppose | limit the action in thisway: this piece of cotton
wool burns, asyou see, very wel in the aamosphere; and | have known of
cases of cotton-mills being fired asif with gunpowder through the very
finely divided particles of cotton being diffused through the atmosphere in
the mill, when it has sometimes happened that a flame has caught these
raised particles, and it has run from one end of the mill to the other and
blown it up. Thet, then, is on account of the affinity which the cotton has
for the oxygen; but suppose | st fire to this piece of cotton whichisrolled
up tightly; it does not go on burning, because | have limited the supply of
oxygen, and theingde is prevented from having access to the oxygen, just
asit wasin the case of the lead by the oxide. But here is some cotton
which has been imbued with oxygen in a certain manner. | need not
trouble you now with the way it is prepared; it is called guncottor??. See
how that burns [setting fire to a piece]; it is very different from the other,
because the oxygen which must be present in its proper amount is put
there beforehand. And | have here some pieces of paper which are
prepared like the guncottor?, and imbued with bodies containing oxygen.
Here is some which has been soaked in nitrate of strontiac you will see the
beautiful red color of itsflame; and hereis another which | think contains
baryta, which gives that fine green light; and | have here some more which
has been soaked in nitrate of copper: it does not burn quite so brightly, but
dill very beautifully. In &l these cases the combustion goes on

independent of the oxygen of the atmosphere. And here we have some
gunpowder put into a case, in order to show that it is capable of burning
under water. Y ou know that we put it into a gun, shutting off the
atmosphere with shot, and yet the oxygen which it contains supplies the
particles with that without which chemica action could not proceed. Now
| have avessd of water here, and am going to make the experiment of
putting this fuse under the water, and you will see whether thet weater can
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extinguish it; hereit is burning out of the water, and there it is burning
under the water; and so it will continue until exhausted, and dl by reason
of the requisite amount of oxygen being contained within the substance. It
ishy thiskind of attraction of the different particles one to the other that
we are enabled to trace the laws of chemicd affinity, and the wonderful
variety of the exertions of these laws.

[Footnote 22: Guncotton is made by immersing cotton wool
in amixture of sulphuric acid and the strongest nitric acid
or of sulphuric acid and nitrate of potash.]

[Footnote 23: Paper prepared like guncotton. It should be
bibulous paper, and must be soaked for ten minutesin a
mixture of ten parts, by measure, of oil of vitriol with five
parts of strong fuming nitric acid. The paper must afterward
be thoroughly washed with warm digtilled water, and then
carefully dried at a gentle heet. The paper is then saturated
with chlorate of strontia, or chlorate of baryta, or nitrate of
copper, by immersion in awarm solution of these salts (See
Chemical News, val. i., p. 36.)]

Now | want you to observe that one greet exertion of this power which is
known as chemicd affinity isto produce Heat and light; you know, asa
matter of fact, no doubt, that when bodies burn they give out hest, but it is
acurious thing that this heat does not continue; the heat goes away as soon
as the action stops, and you see, thereby, that it depends upon the action
during thetimeit isgoing on. It is not so with gravitation; thisforceis
continuous, and is just as effective in making that lead press on the table
asit waswhen it firg fell there. Nothing occurs there which disappears
when the action of faling is over; the pressure is upon the table, and will
remain there until the lead is removed; wheress, in the action of chemical
affinity to give light and heet, they go away immediatdy the action is

over. Thislamp seemsto evolve heat and light continuoudy, but it is
owing to a congant stream of air coming into it on dl sides, and this work
of producing light and heat by chemicd affinity will subsde as soon asthe
stream of air isinterrupted. What, then, is this curious condition of hegt?
Why, it isthe evolution of another power of matter - of a power new to us,
and which we must congder asif it were now for the very firg time
brought under our notice. What is heat? \We recognize heat by its power of
liquefying solid bodies and vaporizing liquid bodies, by its power of

Setting in action, and very often overcoming, chemicd affinity. Then how
do we obtain heat? We obtain it in various ways, most abundantly by
means of the chemicd affinity we have just before been spesking about,
but we can adso obtain it in many other ways. Friction will produce hest.
The Indians rub pieces of wood together until they make them hot enough
to take fire; and such things have been known as two branches of atree
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rubbing together so hard as to set the tree on fire. | do not suppose | shall
et these two pieces of wood on fire by friction, but | can readily produce
heat enough to ignite some phosphorus. [ The lecturer here rubbed two
pieces of cedar wood strongly againgt each other for aminute, and then
placed on them a piece of phosphorus, which immediately took fire] And
if you take a smooth metal button stuck on a cork, and rub it on a piece of
soft ded wood, you will make it so hot as to scorch wood and paper, and
burn amatch.

| am now going to show you that we can obtain heet, not by chemica
affinity alone, but by the pressure of air. Suppose | take a pellet of cotton
and moigen it with alittle ether, and put it into a glass tube, and then take
apiston and pressit down suddenly, | expect | shdl be able to burn alittle
of that ether in the vessdl. It wants a suddenness of pressure, or we shall
not do what we reguire. [ The piston was forcibly pressed down, when a
flame, due to the combustion of the ether, was visible in the lower part of
the syringe.] All wewant isto get alittle ether in vapor, and give fresh air
each time, and s0 we may go on again and again, getting heat enough by
the compresson of ar to fire the ether-vapor.

This, then, | think, will be sufficient, accompanied with dl you have
previoudy seen, to show you how we procure hest. And now for the
effects of this power. We need not consider many of them on the present
occasion, because when you have seen its power of changing iceinto
water and water into steam, you have seen the two principa results of the
gpplication of heat. | want you now to see how it expands al bodies - dl
bodies but one, and that under limited circumstances. Mr. Anderson will
hold alamp under that retort, and you will see, the moment he does o,
that the air will issue abundantly from the neck which is under weter,
because the heat which he appliesto the air causesiit to expand. And here
isa brass rod which goes through that hole, and fits dso accuratdly into
thisgauge; but if | make it warm with this spirit lamp, it will only go inthe
gauge or through the hole with difficulty; and if | wereto put it into

boiling water it would not go through at al. Again, as soon as the heat
escapes from bodies, they collapse: see how the air is contracting in the
vessel now that Mr. Anderson has taken away his lamp; the sem of it is
filling with water. Notice too, now, that dthough | cannot get the tube
through this hole or into the gauge, the moment | codl it, by dipping it into
water, it goes through with perfect facility, o that we have a perfect proof
of this power of heat to contract and expand bodies.

LectureV: Magnetism - Electricity
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| wonder whether we shall be too deep to-day or not. Remember that we
gpoke of the attraction by gravitation of dl bodiesto al bodies by their
smple approach. Remember that we spoke of the attraction of particles of
the same kind to each other - that power which keeps them together in
masses iron attracted to iron, brass to brass, or water to water. Remember
that we found, on looking into water, that there were particles of two
different kinds attracted to each other; and this was a great step beyond the
first ample atraction of gravitation, because here we ded with attraction
between different kinds of matter. The hydrogen could attract the oxygen
and reduce it to water, but it could not attract any of its own particles, so
that there we obtained afirg indication of the existence of two attractions.

To-day we come to akind of attraction even more curious than the last,
namely, the attraction which we find to be of a double nature - of a curious
and dua nature. And | want, first of dl, to make the nature of this
doubleness clear to you. Bodies are sometimes endowed with awonderful
atraction, which is not found in them in their ordinary state. For instance,
hereis apiece of shdlac, having the attraction of gravitation, having the
attraction of cohesion, and if | st fireto it, it would have the attraction of
chemicd affinity to the oxygen in the atmosphere. Now dl these powers
wefind init asif they were parts of its substance; but there is another
property which | will try and make evident by means of this bdl, this
bubble of ar [alight India-rubber ball, inflated and suspended by a
thread]. Thereis no attraction between this bal and this shellac at present;
there may be alittle wind in the rooms dightly moving the ball about, but
thereisno attraction. But if | rub the shdllac with a piece of flannd
[rubbing the shellac, and then holding it near the bal], ook at the
atraction which has arisen out of the shelac smply by thisfriction, and
which | may take away as easly by drawing it gently through my hand.
[The lecturer repeated the experiment of exciting the shellac, and then
removing the attractive power by drawing it through hishand.] Again, you
will see | can repest this experiment with another substance; for if | take a
glassrod, and rub it with apiece of sk covered with what we call
amagam, look &t the attraction which it has, how it draws the bal toward
it; and then, as before, by quietly rubbing it through the hand, the
attraction will be al removed again, to come back by friction with this
slk.

But now we come to another fact. | will take this piece of shellac, and
make it attraction by friction; and remember that, whenever we get an
atraction of gravity, chemica affinity, adhesion, or dectricity (asin this
case), the body which attractsis attracted also, and just as much as that
ball was attracted by the shellac, the shellac was attracted by the ball. Now
| will suspend this piece of excited shellac in alittle paper dirrup, in this
way, in order to make it move eadly, and | will take another piece of
shdllac, and, after rubbing it with flannd, will bring them near together:
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you will think that they ought to attract each other; but now what happens?
It does not attract; on the contrary, it very strongly repels, and | can thus
drive it round to any extent. These, therefore, repd each other, athough
they are so stronglly attractive - repe each other to the extent of driving
this heavy piece of shellac round and round in thisway. But if | excite this
piece of shellac as before, and take this piece of glassand rub it with Slk,
and then bring them near, what think you will happen? [The lecturer held
the excited glass near the excited shellac, when they attracted each other
strongly.] You see, therefore, what a difference there is between these two
attractions; they are actualy two kinds of attraction concerned in this case,
quite different to any thing we have met with before, but the force is the
same. We have here, then, adouble attraction - adud attraction or force
one attracting and the other repdling.

Again, to show you another experiment which will help to make this clear
to you: Suppose | sat up this rough indicator again [the excited shellac
suspended in the stirrup): it is rough, but delicate enough for my purpose;
and suppose | take this other piece of shdllac, and take away the power,
which | can do by drawing it gently through the hand; and suppose | teke a
piece of flannd, which | have shaped into a cap for it and made dry. | will
put this shdllac into the flannd, and here comes out a very beautiful result.

| will rub this shellac and the flanne together (which | can do by twigting
the shdllac round), and leave them in contact; and then if | ask, by bringing
them near our indicator, what is the attractive force? it is nothing; but if |
take them gpart, and then ask what will they do when they are separated?
why, the shdllac is strongly repelled, asit was before, but thecap is
srongly atractive; and yet, if | bring them both together again, thereisno
atraction; it has dl disgppeared [the experiment was repeated]. Those two
bodies, therefore, still contain this attractive power; when they were

parted, it was evident to your senses that they had it, though they do not
attract when they are together.

This, then, is sufficient, in the outset, to give you an idea of the nature of
the force which we cdll Electricity. Thereis no end to the things from
which you can evolve this power. When you go home, take a stick of
seding-wax - | have rather alarge stick, but asmaller one will do - and
make an indicator of this sort. Take awatch-glass (or your watch itsdlf
will do; you only want something which shdl have around face); and
now, if you place apiece of flat glass upon that, you have avery essly
moved centre; and if | take thislath and put it on the flat glass (you seell
am searching for the centre of gravity of thislath; | want to balance it
upon the watch-glass), it is very easily moved round; and if | take this
piece of seding-wax and rub it againgt my coat, and then try whether it is
attractive [holding it near the lath], you see how gtrong the attraction is; |
can even draw it about. Here, then, you have a very beautiful indicator, for
| have, with asmdl piece of seding-wax and my coat, pulled round a
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plank of that kind, so you need be in no want of indicators to discover the
presence of this attraction. Thereis scarcely a substance which we may
not use. Here are some indicators. | bend round a strip of paper into a
hoop, and we have as good an indicator as can be required. See how it
rollsdong, traveling after the seding-wax! If | make them smdler, of
course we have them running faster, and sometimes they are actudly
attracted up into the air. Here, <0, isalittle collodion balloon. It is o
eectricd that it will scarcdy leave my hand unless to go to the other. See
how curioudy dectricd it is it is hardly possible for me to touch it
without making it eectrica; and hereis a piece which dingsto any thing
it is brought near, and which it is not easy to lay down. And hereis
another substance, gutta-percha, in thin grips: it is astonishing how, by
rubbing thisin your hands, you make it eectrica; but our time forbids us
to go farther into this subject at present; you see clearly there are two
kinds of dectricities which may be obtained by rubbing shdlac with
flannd or glasswith slk.

Now there are some curious bodies in nature (of which | have two
specimens on the table) which are called magnets or loadstones; ores of
iron, of which thereis a great ded sent from Sweden. They have the
attraction of gravitation, and attraction of cohesion, and certain chemica
attraction; but they also have a greet attractive power, for thislittle key is
held up by this stone. Now that is not chemicad attraction; it is not the
attraction of chemica affinity, or of aggregation of particles, or of
cohesion, or of dectricity (for it will not atract thisbdl if 1 bring it near

it), but it is a separate and dud attraction, and, what is more, onewhichis
not readily removed from the substance, for it has existed in it for ages and
agesin the bowels of the earth. Now we can make artificial magnets (you
will see me tomorrow make artificial magnets of extraordinary power).
And let ustake one of these artificid magnets and examineit, and see
where the power isin the mass, and whether it isadua power. You seeit
attracts these keys, two or three in succession, and it will attract avery
large piece of iron. That, then, isa very different thing indeed to what you
saw in the case of the shdllac, for that only attracted alight ball, but here |
have severd ounces of iron held up. And if we come to examinethis
attraction alittle more closdy, we shdl find it presents some other
remarkable differences; first of dl, one end of this bar attracts this key, but
the middle does not attract. It is not, then, the whole of the substance
which atracts. If | lace thislittle key in the middle it does not adhere; but
if | placeit there, alittle nearer the end, it does, though feebly. Isit nat,
then, very curious to find that there is an attractive power a the
extremities which is not in the middle - to have thus in one bar two places
in which thisforce of attraction resdes? If | take this bar and baance it
carefully on apoint, so thet it will be free to move round, | can try what
action this piece of iron hason it. Well, it attracts one end, and it dso
attracts the other end, just as you saw the shellac and the glass did, with
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the exception of its not attracting in the middle. But if now, ingteed of a
piece of iron, | take a magnet, and examineit in asmilar way, you see
that one of its ends repel s the suspended magnet; the force, then, isno
longer atraction, but repulsion; but, if | take the other end of the magnet
and bring it near, it shows attraction again.

Y ou will seethis better, perhaps, by another kind of experiment. Hereisa
little magnet, and | have colored the ends differently, so that you may
digtinguish one form the other. Now this end (S) of the magnet attracts the
uncolored end of the little magnet. Y ou see it pulls toward it with great
power; and, as| carry it round, the uncolored end till follows. But now, if
| gradudly bring the middle of the bar magnet opposite the uncolored end
of the needle, it has no effect upon it, either of attraction or repulsion,

until, as | come to the opposite extremity (N), you see that it is the colored
end of the needle which is pulled toward it. We are now, therefore, deding
with two kinds of power, attracting different ends of the magnet - a double
power, dready exigting in these bodies, which takes up the form of
atraction and repulson. And now, when | put up this labd with the word
Magnetism, you will understand that it is to express this double power.

Now with this loadstone you may make magnets artificidly. Hereisan
artificia magnet in which both ends have been brought together in order to
increase the attraction. This masswill lift that lump of iron, and, whet is
more, by placing this keeper, asit is caled, on the top of the magnet, and
taking hold of the handle, it will adhere sufficiently strongly to dlow itself
to be lifted up, so wonderful isits power of atraction. If you take a needle,
and just draw one of its ends dong one extremity of the magnet, and then
draw the other end aong the other extremity, and then gently placeit on
the surface of some water (the needle will generdly float on the surface,
owing to the dight greasiness communicated to it by the fingers), you will
be able to get al the phenomena of attraction and repulsion by bringing
another magnetized needle near to it.

| want you now to observe that, athough | have shown you in these
magnets that this double power becomes evident principdly at the
extremities, yet the whole of the magnet is concerned in giving the power.
That will at first seem rather srange; and | must therefore show you an
experiment to prove that thisis not an accidental matter, but that the whole
of the massisredly concerned in thisforce, just asin faling the whole of
the massisredly acted upon by the force of gravitation. | have here a sted!
bar, and | am going to make it amagnet by rubbing it on the large magnet.
| have now made the two ends magnetic in opposite ways. | do not at
present know one from the other, but we can soon find out. Y ou see, when
| bring it near our magnetic needle, one end repdls and the other attracts;
and the middle will neither attract nor repel - it can not, becauseit is half
way between the two ends. But now, if | break out that piece (n, s), and
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then examine it, see how strongly one end (n) pulls at thisend (S), and
how it repels the other end (N). And so it can be shown that every part of
the magnet contains this power of attraction and repulsion, but that the
power isonly rendered evident at the end of the mass. Y ou will understand
dl thisin alittle while; but what you have now to consder isthat every

part of thisged isin itsdf amagnet. Hereis alittle fragment which | have
broken out of the very centre of the bar, and you will gill see that one end
is dtractive and the other isrepulsive. Now is not this power a most
wonderful thing? And very strange, the means of taking it from one
substance and bringing it to other matters. | can not make a piece of iron
or any thing ese heavier or lighter than it is; its cohesive power it must

and does have; but, as you have seen by these experiments, we can add or
subtract this power of magnetism, and dmost do aswe like with it.

And now we will return for ashort time to the subject treated of at the
commencement of this lecture. Y ou see here alarge machine arranged for
the purpose of rubbing glasswith silk, and for obtaining the power cdled
eectricity; and the moment the handle of the machineisturned acertain
amount of dectricity is evolved, as you will see by therise of thelittle
straw indicator (at A). Now | know, from the appearance of repulsion of
the pith bal a the end of the straw, that eectricity is present in those brass
conductors (BB), and | want you to see the manner in which that
electricity can pass away [touching the conductor (B) with his finger, the
lecturer drew a park fromit, and the straw electrometer immediately fdl].
There, it has dl gone; and thet | have redly taken it away you shdl see by
an experiment of thissort. If | hold this cylinder of brass by the glass
handle, and touch the conductor with it, | take away alittle of the
electricity. You see the spark in which it passes, and observe that the pith-
bal indicator has falen alittle, which seemsto imply that so much
eectricity islogt; but itisnot logt; it is herein thisbrass, and | can take it
away and carry it about, not because it has any substance of its own, but
by some strange property which we have not before met with as belonging
to any other force. Let us see whether we have it here or not. [The lecturer
brought the charged cylinder to ajet from which gas was issuing; the
park was seen to pass from the cylinder to the jet, but the gas did not
light.] Ah! the gasdid not light, but you saw the spark; thereis, perhaps,
some draught in the room which blew the gas on one side, or ese it would
light; we will try this experiment afterward. Y ou see from the spark that |
can trandfer the power from the machine to this cylinder, and then carry it
away and give it to some other body.

Y ou know very well, as amaiter of experiment, that we can transfer the
power of heet from one thing to another; for if 1 pout my hand near the fire
it becomes hot. | can show you this by placing before usthis bal, which
has just been brought red-hot from thefire. If | pressthiswireto it some
of the heat will be transferred from the ball, and | have only now to touch
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this piece of gun-cotton with the hot wire, and you see how | can transfer
the heat from the ball to the wire, and from the wire to the cotton. So you
see that some powers are transferable, and others are not. Observe how
long the heat sopsin thisbdl. | might touch it with the wire or with my
finger, and if | did so quickly | should merely burn the surface of the skin;
wheress, if | touch that cylinder, however rapidly, with my finger, the
electricity isgone at once - dispersed on the ingtant, in a manner
wonderful to think of.

| must now take up alittle of your time in showing you the manner in
which these powers are transferred from one thing to another; for the
manner in which force may be conducted or transmitted is extraordinary,
and most essential for us to understand. Let us seein what manner these
powerstravel from place to place. Both heat and electricity can be
conducted; and here is an arrangement | have made to show how the
former can travel. It conssts of abar of copper; and if | take aspirit lamp
(thisis one way of obtaining the power of heet) and place it under that
little chimney, the flame will strike againgt the bar of copper and keep it
hot. Now you are aware that power is being transferred from the flame of
that lamp to the copper, and you will see by-and-by that it isbeing
conducted aong the copper from particle to particle; for inasmuch as|
have fastened these wooden balls by alittle wax at particular distances
from the point where the copper isfirg heated, first one bal will fal and
then the more distant ones, as the heat travels dong, and thus you will
learn that the heet travels gradualy through the copper. Y ou will see that
thisisavery dow conduction of power as compared with dectricity. If |
take cylinders of wood and metd, joined together at the ends, and wrap a
piece of paper round, and then apply the heat of thislamp to the place
where the metd and wood join, you will see how the heet will accumulate
where the wood is, and burn the paper with which | have covered it; but
where the metd is beneath, the heat is conducted away too fast for the
paper to be burned. And so, if | take a piece of wood and a piece of metal
joined together, and put it so that the flame shall play equally both upon
one and the other, we shal soon find that the meta will become hot before
the wood; for if | put a piece of phosphorus on the wood and another piece
on the copper, you will find that the phosphorus on the copper will take
fire before that on the wood is melted; and this shows you how badly the
wood conducts heat. But with regard to the travding of dectricity from
place to place, its rapidity is astonishing. | will, first of al, take these
pieces of glass and metd, and you will soon understand how it isthat the
glass does not lose the power which it acquired when it is rubbed by the
glk; by one or two experiments | will show you. If | take this piece of
brass and bring it near the machine, you see how the eectricity leavesthe
latter and passes to the brass cylinder. And again: if | take arod of meta
and touch the machine with it, | lower the indicator; but when | touch it
with arod of glass, no power is drawn away, showing you that the
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electricity is conducted by the glass and the metd in amanner entirdly
different; and, to make you see that more clearly, we will take one of our
Leyden jars. Now | must not embarrass your minds with this subject too
much, but if | take a piece of metal and bring it againgt the knob at the top
and the metdlic coating at the bottom, you will see the eectricity passng
through the air as a brilliant spark. It takes no sensible time to pass
through this, and if | were to take along metalic wire, no metter what the
length, at least asfar aswe are concerned, and if | make one end of it
touch the outside, and the other touch the knob at the top, see how the
electricity passed It has flashed ingtantaneoudy through the whole length
of thiswire. Is not this different from the tranamission of heet through this
copper bar which has taken a quarter of an hour or more to reach the first
bdl?

Here is another experiment for the purpose of showing the conductibility

of this power through some bodies and not through others. Why do | have
this arrangement made of brass? [pointing to the brass work of the
eectricd maching]. Because it conducts dectricity. And why do | have
these columns made of glass? Because they obstruct the passage of
electricity. And why do | put that paper tassel at the top of the pole, upon a
glassrod, and connect it with this machine by means of awire? You see a
once that as soon as the handle of the machineisturned, the dectricity
which is evolved travels dong this wire and up the wooden rod, and goes
to the tassdl at the top, and you see the power of repulsion with which it
has endowed these strips of paper, each spreading outward to the cealling
and sdes of the room. The outside of that wire is covered with gutta:
percha; it would not serve to keep the force from you when touching it
with your hands, because it would burst through; but it answers our
purpose for the present. And so you perceived how easily | can manage to
send this power of ectricity from place to place by choosing the
materials which can conduct the power. Suppose | want to fire a portion of
gunpowder, | can reedily do it by this transferable power of eectricity. |
will take a Leyden jar, or any other arrangement which gives usthis
power, and arrange wires so that they may carry the power to the place |
wish; and then placing alittle gunpowder on the extremities of the wires,
the moment | make the connection by this discharging rod | shdl fire the
gunpowder [the connection was made and the gunpowder ignited]. And if

| were to show you astool like this, and were to explain to you its
congtruction, you could easly understand that we use glass legs because
these are cgpable of preventing the eectricity from going away to the
earth. If, therefore, | were to stand on this stool, and receive the eectricity
through this conductor, | could giveit to anything that | touched. [The
lecturer sood upon the insulating stool, and placed himsdlf in connection
with the conductor of the machine] Now | am éectrified; | can fed my
hair rising up, as the paper tassel did just now. Let us see whether | can
succeed in lighting gas by touching the jet with my finger. [The lecturer
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brought his finger near ajet from which gas was issuing, when, after one
or two attempts, the spark which came from his finger to the jet set fire to
the gas.] Y ou now see how it isthat this power of eectricity can be
transferred from the matter in which it is generated, and conducted aong
wires and other bodies, and thus be made to serve new purposes, utterly
unattainable by the powers we have spoken of on previous days, and you
will not now be at alossto bring this power of dectricity into comparison
with those which to we have previoudy examined, and to-morrow we
shall be able to go farther into the consideration of these transferable
powers.

LectureVI: The Correlation Of The Physical
Forces

We have frequently seen, during the course of these lectures, that one of
those powers or forces of matter, of which | have written the names on
that board, has produced results which are due to the action of some other
force. Thus you have seen the force of eectricity acting in other ways than
in atracting; you have dso seen it combine matters together or disunite
them by means of its action on the chemica force; and in this case,
therefore, you have an instance in which these two powers are related. But
we have other and deeper relations than these; we have not merely to see
how it isthat one power affects another - how the force of heat affects
chemicd affinity, and so forth, but we must try and comprehend what
relation they bear to each other, and how these powers may be changed
oneinto the other; and it will to - day require dl my care, and your care
too, to make this clear to your minds. | shdl be obliged to confine mysdlf
to one or two instances, because to take in the whole extent of this mutual
relation and conversion of forces would surpass the human intellect.

In the firg place, then, hereis a piece of fine zinc fail, and if | cut it into
narrow strips and gpply to it the power of heat, admitting the contact of air
a the sametime, you will find that it burns, and then, seeing that it burns,
you will be prepared to say that there is chemica action taking place. You
seedl | haveto doisto hold the piece of zinc at the Sde of the flame, so
astolet it get heated, and yet to dlow the air which isflowing into the
flamefrom dl sdesto have accessto it; there is the piece of zinc burning
just like a piece of wood, only brighter. A part of the zinc isgoing up into
the air in the form of that white smoke, and part isfaling down on to the
table. This, then, isthe action of chemica affinity exerted between the
zinc and the oxygen of the air. | will show you what a curious kind of
affinity thisis by an experiment which is rather striking when seen for the
fird time. | have here someiron filings and gunpowder, and will mix them
carefully together, with aslittle rough handling as possible; now we will
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compare the combustibility, so to speak, of the two. | will pour some spirit
of wineinto abasn and st it on fire; and, having our flame, | will drop
this mixture of iron filings and gunpowder through it, so that both sets of
particleswill have an equd chance of burning. And now tell me which of
them it isthat burns? Y ou see a plentiful combustion of the iron filings,

but | want you to observe that, though they have equal chances of burning,
we shdll find that by far the greater part of the gunpowder remains
untouched; | have only to drain off this spirit of wine, and let the powder
which has gone through the flame dry, which it will do in afew minutes,
and | will then test it with alighted match. So ready istheiron to burn,

that it takes, under certain circumstances, even lesstimeto catch fire than
gunpowder. [As soon as the gunpowder was dry, Mr. Anderson handed it
to the lecturer, who applied alighted match to it, when asudden flash
showed how large a proportion of gunpowder had escaped combustion
when fdling through the flame of dcohal ]

These are dl cases of chemicd afinity, and | show them to make you
understand that we are about to enter upon the consideration of astrange
kind of chemica &ffinity, and then to see how far we are enabled to
convert thisforce of affinity into eectricity or magnetism, or any other of
the forces which we have discussed. Hereis some zinc (I keep to the meta
zinc, asit isvery useful for our purpose), and | can produce hydrogen gas
by putting the zinc and sulphuric acid together, asthey arein that retort;
there you see the mixture which gives us hydrogen - the zinc is pulling the
water to pieces and setting free hydrogen gas. Now we have learned by
experience that if alittle mercury is spread over that zinc, it does not take
away its power of decomposing the water, but modifiesit most curioudly.
See how that mixture is now boiling; but when | add alittle mercury to it
the gas ceases to come off. We have now scarcely a bubble of hydrogen
st free, s0 that the action is suspended for the time. We have not
destroyed the power of chemica affinity, but modified it in awonderful
and beautiful manner. Here are some pieces of zinc covered with mercury
exactly in the same way asthe zinc in that retort is covered; and if | put
this plate into sulphuric acid | get no gas, but this most extraordinary thing
occurs, that if | introduce aong with the zinc another metd which is not so
combustible, then | reproduce al the action. | am now going to put to the
amagamated zinc in this retort some portions of copper wire (copper not
being so combustible ametd asthe zinc), and observe how | get hydrogen
again, asin the first ingtance; there, the bubbles are coming over through
the pneumatic trough, and ascending faster and fagter in the jar; the zinc
now is acting by reason of its contact with the copper.

Every step we are now taking brings us to a knowledge of new
phenomena. That hydrogen which you now see coming off so abundantly
does not come from the zinc, asit did before, but from the copper. Here is
ajar containing asolution of copper. If | put a piece of this amagamated
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zincinto it, and leave it there, it has scarcdy any action; and here isaplate
of platinum which | will immerse in the same solution, and might leave it
there for hours, days, months, or even years, and no action would take
place; but, by putting them both together, and dlowing them to touch, you
see what a coating of copper thereisimmediately thrown down on the
platinum. Why isthis? The platinum has no power of itsdlf to reduce that
meta from that fluid, but it has, in some mysterious way, received this
power by its contact with the metal zinc, Here, then, you see a strange
transfer of chemical force from one metd to another; the chemical force
from the zinc is trandferred and made over to the platinum by the mere
association of the two metds. | might take, instead of the platinum, a piece
of copper or of silver, and it would have no action of its own on this
solution, but the moment the zinc was introduced and touched the other
metal, then the action would take place, and it would become covered with
copper. Now is not this most wonderful and beautiful to see? We ill have
the identical chemical force of the particles of zinc acting, and yet, in

some strange manner, we have power to make that chemical force, or
something it produces, travel from one place to another; for we do make
the chemical forcetravel from the zinc to the platinum by this very curious
experiment of usng the two metasin the same fluid in contact with each
other.

Let us now examine these phenomena alittle more closdly. Hereisa
drawing in which | have represented a vessel containing the acid liquid

and the dips of zinc and platinum or copper, and | have shown them
touching each other outside by means of awire coming from each of them
(for it matters not whether they touch in the fluid or outside; by pieces of
metd attached, they 4ill, by that communication between them, have this
power transferred from one to the other). Now if, instead of only using one
vessd, as| have shown there, | take another, and another, and put in zinc
and platinum, zinc and plainum, zinc and plainum, and connect the
platinum of one vessd with the zinc of another, the platinum of this vessd
with the zinc of that, and so on, we should only be using a series of these
vessdsingead of one. Thiswe have done in that arrangement which you
see behind me. | am using what we call a Grove's voltaic battery, in which
one metd is zinc and the other platinum; and | have as many asforty pairs
of these plates dl exercising their force at once in sending the whole
amount of chemica power there evolved through these wires under the
floor and up to these two rods coming through the table. We need do no
more than just bring these two ends in contact, when the spark shows us
what power is present; and what a srange thing it isto see that thisforceis
brought away from the battery behind me, and carried aong through these
wires! | have here an gpparatus which Sir Humphry Davy constructed
many years ago, in order to see whether this power from the voltaic
battery caused bodies to attract each other in the same manner asthe
ordinary eectricity did. He madeit in order to experiment with hislarge
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voltaic battery, which was the most powerful then in existence. You see
there arein thisglassjar two leaves of gold, which | can cause to moveto
and fro by this rack-work. | will connect each of these gold leaves with
separate ends of this battery, and if | have a sufficient number of platesin
the battery, | shdl be able to show you that there will be some attraction
between those leaves even before they come in contact; if | bring them
aufficiently near when they are in communication with the ends of the
bettery, they will be drawn gently together; and you will know when this
takes place, because the power will cause the gold leaves to burn away,
which they could only do when they touched each other. Now | am going
to cause these two leaves of gold to gpproach gradualy, and | have no
doubt that some of you will see that they approach before they burn, and
those who are too far off to see them agpproach will see by their burning
that they have come together. Now they are attracting each other, long
before the connection is complete, and there they go! burnt up in that
brilliant flash, so strong is the force. Y ou thus see, from the attractive
force at the two ends of this battery, that these are redlly and truly
electricd phenomena.

Now let us consder what isthis spark. | take these two ends and bring
them together, and there | get this glorious spark like the sunlight in the
heavens above us. What is this? It is the same thing which you saw when |
discharged the large ectrical machine, when you saw one single bright
flash; it is the same thing, only continued, because here we have amore
effective arangement. Instead of having a machine which we are obliged
to turn for along time together, we have here a chemica power which
sends forth the spark; and it is wonderful and beautiful to see how this
spark is carried about through these wires. | want you to perceive, if
possible, that this very spark and the hesat it produces (for there is heet) is
neither more nor less than the chemica force of the zinc - its very force
carried along wires and conveyed to this place. | am about to take a
portion of the zinc and burn it in oxygen gas for the sake of showing you
the kind of light produced by the actud combustion in oxygen gas of some
of thismetd. [A tasd of zinc-foil wasignited at a spirit lamp and
introduced into ajar of oxygen, when it burnt with a brilliant light.] Thet
shows you wheat the affinity is when we come to consder it inits energy
and power. And the zinc is being burned in the battery behind me a a
much more rapid rate than you see in that jar, because the zinc isthere
dissolving and burning, and produces here this greet eectric light. That
very same power which in that jar you saw evolved from the actud
combustion of the zinc in oxygen, is carried dong these wires and made
evident here; and you may, if you please, condgder that the zinc is burning
in those cdlls, and that thisisthe light of that burning [bringing the two
polesin contact and showing the dectric light]; and we might so arrange
our gpparatus asto show that the amounts of power evolved in elther case
are identical. Having thus obtained power over the chemica force, how

Get any book for freeon:  www.Abika.com



LECTURES ON THE FORCES

wonderfully we are able to convey it from place to place! When we use
gunpowder for explosive purposes, we can send into the mine chemica
affinity by means of this dectricity; not having provided fire beforehand,
we can send it in at the moment we require it. Now hereisavess
containing two charcod points, and | bring it forward as an illugtration of
the wonderful power of conveying this force from place to place. | have
merely to connect these by means of wires to the opposite ends of the
battery, and bring the points in contact. See what an exhibition of force we
havel We have exhausted the air so that the charcoal can not burn, and
therefore the light you seeisredly the burning of the zinc in the cdlls
behind me; there is no disappearance of the carbon, athough we have that
glorious dectric light; and the moment | cut off the connection it stops.
Hereis a better instance to enable some of you to see the certainty with
which we can convey this force, where under ordinary circumstances,
chemicd affinity woud not act. We may absolutely take these two
charcoa poles down under water, and get our eectric light there. There
they arein the water, and you observe, when | bring them into connection,
we have the same light as we had in that glass vessd.

Now besides this production of light, we have al the other effects and
powers of burning zinc. | have afew wires here which are not
combustible, and | am going to take one of them, a smadll platinum wire,
and suspend it between these two rods which are connected with the
battery, and when contact is made at the battery see what heat we get. Is
not that beautiful ? It is a complete bridge of power. Thereis metdlic
connection al the way round in this arrangement, and where | have
inserted the platinum, which offers some resistance to the passage of the
force, you see what an amount of heet is evolved; thisisthe heet which the
zinc would give if burnt in oxygen; but, asit is being burnt in the voltaic
battery, it isgiving it out a this spot. | will now shorten thiswire for the
sake of showing you that, the shorter the obstructing wire is, the more and
more intense is the heet, until at last our platinum isfused and fals down,
breeking off the circuit.

Here is another instance. | will take a piece of the metd slver, and place it
on charcod connected with one end of the battery, and lower the other
charcod pole on toit. See how brilliantly it burns! Hereis apiece of iron
on the charcod: see what a combustion is going on; and we might goonin
thisway, burning dmost every thing we place between the poles. Now |
want to show you that this power is il chemicd afinity; thet if we call

the power which is evolved at this point heat, or eectricity, or any other
name referring to its source, or the way in which it travels we il shall
find it to be chemica action. Here is a colored liquid which can show by
its change of color the effects of chemica action; | will pour part of it into
this glass, and you will find that these wires have avery strong action. |

am not going to show you any effects of combustion or heet, but | will
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take these two platinum plates, and fasten one to the one pole and the
other to the other end, and place them in this solution, and in avery short
time you will see the blue color will be entirely destroyed. See, it is
colorless now! | have merely brought the end of the wires into the solution
of indigo, and the power of dectricity has come through these wires and
mede itsalf evident by its chemica action. There is aso another curious
thing to be noticed now we are dedling with the chemigtry of dectricity,
which s, that the chemica power which destroys the color isonly dueto
the action on one side. | will pour some more of this sulphindigotic acid®*
into aflat dish, and will then make a porous dike of sand separating the
two portions of fluid into two parts, and now we shall be able to see
whether there is any difference in the two ends of the battery, and which it
isthat possesses this peculiar action. Y ou seeit isthe one on my right
hand which has the power of destroying the blue, for the portion on that
gdeisthoroughly bleached, while nothing has apparently occurred on the
other Sde. | say gpparently, for you must not imagine that because you can
not perceive any action none has taken place.

[Footnote 24: Sulphindigotic acid. A mixture of one part of
indigo and fifteen parts of concentrated ail of vitridl. It is
bleached on the side a which hydrogen gasis evolved in
conseguence of the liberated hydrogen withdrawing oxygen
from the indigo, thereby forming a colorless deoxidized
indigo. In making the experiment, only enough of the
sulphindigotic acid must be added to give the water a
decided blue color.]

Here we have another instance of chemical action. | take these platinum
plates again and immerse them in this solution of copper, from which we
formerly precipitated some of the metd, when the platinum and zinc were
both put in it together. Y ou see that these two platinum plates have no
chemica action of any kind; they might remain in the solution aslong as |
liked, without having any power of themsalves to reduce the copper; but
the moment | bring the two poles of the battery in contact with them, the
chemicd action which is there transformed into eectricity and carried
aong the wires again becomes chemica action at the two platinum poles,
and now we shdl have the power appearing on the left-hand side, and
throwing down the copper in the metallic state on the platinum plate; and
inthisway | might give you many instances of the extraordinary way in
which this chemica action or eectricity may be carried about. That
strange nugget of gold, of which thereisamodd in the other room, and
which has an interest of its own in the naturd history of gold, and which
came from Badlarat, and was worth pounds 8,000 or pounds 9,000 when it
was melted down last November, was brought together in the bowel s of
the earth, perhaps ages and ages ago, by some such power asthis. And
thereis dso another beautiful result dependent upon chemicd affinity in
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that fine lead-tree?®, the lead growing and growing by virtue of this power.
The lead and the zinc are combined together in alittle voltaic arrangement
in amanner far more important than the powerful one you see here,
because in nature these minute actions are going on forever, and are of
great and wonderful importance in the precipitation of metals and
formation of minerd veins, and so forth. These actions are not for a
limited time, like my battery here, but they act forever in smal degrees,
accumulating more and more of the results.

[Footnote 25: Lead tree. To make alead tree, pass a bundle
of brass wires through the cork of abottle, and fasten a
plate of zinc round them just as they issue from the cork, so
that the z2nc may be in contact with every one of the wires,
Make the wires to diverge so as to form a sort of cone, and,
having filled the bottle quite full of asolution of sugar of

lead, insert the wires and cork, and sedl it down, so asto
perfectly exclude the air. In ashort time the metdlic lead

will begin to crystdlize around the divergent wires, and

form a beautiful object.]

| have here given you dl the illudtrations thet time will permit me to show
you of chemica affinity producing eectricity, and eectricity again
becoming chemicd affinity. Let that suffice for the present; and now let us
go alittle deeper into the subject of this chemica force, or this dectricity -
which shdl | name firg? - the one producing the other in avariety of

ways. These forces are dso wonderful in their power of producing another
of the forces we have been considering, namey, that of magnetism; and
you know that it isonly of late years, and long since | was born, that the
discovery of the rdations of these two forces of dectricity and chemical
affinity to produce magnetism has become known. Philosophers had been
suspecting this affinity for along time, and had long had great hopes of
success, for in the pursuit of science we first start with hopes and
expectations; these we redlize and establish, never again to be lost, and
upon them we found new expectations of farther discoveries, and so go on
pursuing, redizing, establishing, and founding new hopes again and again.

Now observethis, hereis a piece of wire which | am about to make into a
bridge of force, that isto say, acommunicator between the two ends of the
battery. It is copper wire only, and is therefore not magnetic of itself. We
will examine this wire with our magnetic needle, and, though connected
with one extreme end of the battery, you see that before the circuit is
completed it has no power over the magnet. But observe it when | make
contact; watch the needle; see how it is swung round; and notice how
indifferent it becomesif | break contact again; so, you see, we have this
wire evidently affecting the magnetic needle under these circumstances.

Let me show you that alittle more strongly. | have here might give you an
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infinity of illustrations of this high magnetic power. Thereis that long bar
of ironheld out, and | have no doubt that if | were to examine the other
end | should find that it was a magnet. See what power it must have to
support not only these nails, but dl those lumps of iron hanging on to the
end. What, then, can surpass these evidences of the change of chemica
force into eectricity, and eectricity into magnetisn? | might show you
many other experiments whereby | could obtain eectricity and chemica
action, heat and light from a magnet, but what more need | show you to
prove the universa correlation of the physica forces of matter, and their
mutua conversion one into another?

And now let us give place asjuveniles to the respect we owe to our eders,
and for atime let me address mysdlf to those of our seniors who have
honored me with their presence during these lectures. | wish to clam this
moment for the purpose of tendering our thanks to them, and my thanks to
you dl for the way in which you have borne the inconvenience thet | a
first subjected you to. | hope that the ingght which you have here gained
into some of the laws by which the universe is governed, may be the
occasion of some among you turning your attention to these subjects; for
what sudy is there more fitted to the mind of man than that of the physicad
sciences? And what is there more capable of giving him an ingght into the
actions of those laws, a knowledge of which gives interest to the most
trifling phenomenon of nature, and makes the observing student find

"Tongues in trees, books in the running brooks, Sermonsin
stones, and good in every thing?'

Sour ce;
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