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WE HAVE frequently seen, during the course of these
lectures, that one of those powers or forces of matter, of
which I have written the names on that board, has pro-
duced results which are due to the action of some other
force. Thus, you have seen the force of electricity acting
in other ways than in attracting: you have also seen it com-
bine matters together, or disunite them, by means of its
action on the chemical force; and in this case, therefore,
you have an instance in which these two powers are re-
lated. But we have other and deeper relations than these;
we have not merely to see how it is that one power affects
another—how the force of heat affects chemical affinity,
and so forth—but we must try and comprehend what rela-
tion they bear to each other, and how these powers may be
changed one into the other; and it will to-day require all
my care, and your care too, to make this clear to your
minds. I shall be obliged to confine myself 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 first place, then, here is a piece of fine zinc-foil;
and if I cut it into narrow strips and apply to it the power
of heat, admitting the contact of air at the same time, you
will find that it burns; and then, seeing that it burns,
you will be prepared to say that there is chemical action
taking place. You see all I have to do is to hold the piece
of zinc at the side of the flame, so as to let it get heated,
and yet to allow the air which is flowing into the flame



from all sides to have access to it; there is the piece of zinc
buming just like a piece of wood, only brighter. A part of
the zinc is going up into the air, in the form of that white
smoke, and part is falling down on to the table. This, then,
is the action of chemical affinity exerted between the zinc
and the oxygen of the air. I will shew you what a curious
kind of affinity this is by an experiment, which is rather
when seen for the first time. I have here some
iron filings and gunpowder, and will mix them carefully
together, with as little rough handling as possible, Now,
we will compare the combustibility, so to speak, of the
two. I will pour some spirit of wine into a basin, and set it
on fire: and, having our fame, I will drop this mixture
of iron filings and gunpowder through it, so that both sets
of particles will have an equal chance of buming. And
now, tell me which of them it is that bums? You see a
plentiful combustion of the iron filings. But I want you to
observe that, though they have equal chances of buming,
we shall find that by far the greater part of the gunpowder
remains untouched. I 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 a few minutes, and T will
then test it with a lighted match. So ready is the iron to
bum, that it takes, under certain circumstances, even less
time to catch fire than gunpowder. [As soon as the
pmdarwacdry,ur.Andmnhmdcdutotthccmgg
who applied a lighted match to it, when a sudden flash
shewed how large a proportion of gunpowder had escaped
combustion when falling through the flame of alcohol.]
These are all cases of chemical affinity; and I shew
them to make you understand that we are about to enter
upon the consideration of a strange kind of chemical
affinity, and then to see how far we are enabled to convert
this force of affinity into electricity or magnetism, or any
other of the forces which we have discussed. Here is some
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~—the zine is pulling the water to pieces and setting free
hydrogen gas. Now, we have leamned by experience that, if
a little mercury is spread over that zine, it does not take
away its power of decomposing the water, but modifies it
most curiously, See how that mixture is now boiling; but
when I add a little mercury to it, the gas ceases to come
off. We have now scarcely a bubble of hydrogen set free,
so that the action iz suspended for the time, We have not
destroyed the power of chemical affinity, but modified it
in a wonderful and beautiful manner. Here are some plecos
of zinc covered with mercury, exactly in the same way as
the zinc in that retort is covered; and if I put this plate
into sulphuric acid, I get no gas, bat this most extraordi-
nary thing occurs—that if I introduce along with the zine
another metal which is not so combustible, then I repro-
duce all the action. I am now going to put to the amal-
gamated zinc in this retort some portions of copper wire

{copper not being so combustible a metal as the zinc),
and observe bow I get hydrogen again. As in the frst in-
stance, there the bubbles are coming over through the
preurmnatic trough, and ascénding faster and faster 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 phencmena. That hydrogen which you now see
coming off so abundantly does not come from the zine, as
it did , but from the copper. Here is a jar containing
a solution of copper. If I put a piece of this amalgamated
zinc into it, and leave it there, it has scarcely any action;
and here is a plate of platinum, which I will immerse in the
same solution, and might leave it there for hours, days,
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months, or even years, and no action would take place.
But by putting them both together, and allowing them
to touch [Fig. 44], you see what a coating of copper there
is immediately thrown down on the platinum, Why is this?
The platinum has no power of itself to reduce that metal
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 metal
to another—the chemical force from the zine is transferred,
and made over to the platinum by the mere association of
the two metals. I might take, instead of the platinum, a
plece of copper or of sllver, and it would have no action

Fic. 44

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 cop-
per. Now, is not this most wonderful and beautiful to
see? We still bave the identical chemical force of the
particles of zinc acting, and yet in some strange manner we
have power to make that force, or something it
travel from one place to another—for we do
make the chemical force travel from the zinc to the
platinum by this very curious experiment of using the two
metals in the same fluid in contact with each other.
Let us now examine these phenomena a little more
closely, Here is a drawing [Fig, 45] in which I have repre-



wires. 1 have here an apparatus [Fig. 46] which Sic
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 as the

inary electricity did. He made it in order to experi-
ment with his large voltaic battery, which was the most

powerful then in existence. You see there are in this glass
leaves of gold, which I can cause to move to and

Fio. 46.

leaves with separate ends of this battery; and, if I have a
sufficient number of plates in the battery, I shall be able
to shew you that there will be some attraction between
those leaves, even before they come in contact. If I bring
them sufficiently near when they are in communication
with the ends of the battery, they will be drawn gently
together; and you will know when this takes place, be-
cause the power will cause the gold leaves to bum away,
which they could only do when they touched each other.
Now, I am going to cause these two leaves of gold to ap-
gradually, and I have no doubt that some of you
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will see that they approach before burn; and those
who are too far off to see them a will see by their
burning that they have come together. Now they are at-
tracting each other, long before the connection is com-
plete; and there they gol burnt up in that brilliant flash—
so strong is the force. You thus see, from the attractive
force at the two ends of this battery, that these are really
and truly electrical phenomena.

Now, let us consider what is this spark. 1 take these two
ends and bring them together, and there I get this glorious
spark, like the sunlight in the heavens above us. What is
this? It is the same thing which you saw when I discharged
the large electrical machine, when you saw one single
bright flash; it is the same thing, only continued, because
here we have a more effective arrangement. Instead of
having a machine which we are obliged to turn for a long
time together, we have here a chemical power which sends
forth the spark; and it is wonderful and beautiful to see
how this spark is carried about through these wires, 1
want you to perceive, if possible, that this very spark and
the heat it produces ( for there is heat) is neither more nor
less than the chemical force of the zino—its very force
carried along wires and conveyed to this place. I am about
to take a portion of the zinc and bumn it in oxygen gas, for
the sake of shewing you the kind of light produced by the
actual combustion in oxygen gas of some of this metal. [A
tassel of zinc-foil was ignited at o spirit-lamp, end intro-
duced into a jar of oxygen, when it bumt with a brilliant
light.] That shews you what the affinity is when we come
to consider it in its energy and power. And the zinc is
being burned in the battery behind me at a much more
rapid rate than you see in that jar, because the zinc is
there dissolving and buming, and produces here this great
electric light. That very same power, which in that jar

ywa iy onviond oo e ol wplainlinni



in oxygen, is carried along these wires and made evident
here; and you may, if you please, consider that the zinc
is burning in those cells, and that this is the light of that
burmngibriugingthchwpduhcontad,mdshewhg
the electric light]; and we might so arrange our apparatus
as to shew that the amounts of power evolved in either
case are identical. Having thus obtained power over the
chemical force, how wonderfully we are able to convey

Fc. 47.

it from place to place! When we use gunpowder for ex-
plosive purposes, we can send into the mine chemical
affinity by means of this electricity; not having provided
fire beforehand, we can send it in at the moment we re-
quire it. Now, bere [Fig. 47] is a vessel containing two
charcoal points, and I bring it forward as an illustration
of the wonderful power of conveying this force from place
to place. I 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 have! We
have exhausted the air so that the charcoal cannot burn;



and, therefore, the light you see is really the burning of
the zine in the cells behind me—there is no disappearance
of the carbon, although we bave that glosious electric
light; and the moment I cut off the connection, it stops.
Here is a better instance to enable some of you to see the
certainty with which we can convey thizs force, where,
act. We may absolutely take these two charcoal poles
down under water, and get our electric light there; there
they are in the water, you observe, when I bring them

Fro. 48,

into connection, we have the same light as we had in that
vessel. :

Now, besides this production of light, we have all the
other effects and powers of buming =ine. I have a few
wires here which are not combustible, and I am going to
take one of them, a small platioum wire, and suspend it
between these two rods [a, 8], which are connected with
the battery; and, when contact is made at the battery, see
what heat we get [Fig, 48]. Is not that beawtifulP—it is a
complete bridge of power. There is metallic connection
all the way round in this arrangement; and where I have
inserted the platinum, which offers some resistance to the
passage of the force, you see what an amount of heat is
evolved—this is the heat which the zine would give i

10



burnt in oxygen; but as it is being bumt in the voltaic
battery, it is giving it out at this spot. I will now shorten
this wire for the sake of shewin ng you that the shorter the
obstructing wire is, the more more intense is the heat,
until at last our platinum is fused and falls down, breaking
off the circuit.

Here is another instance. I will tuke 2 piece of the metal
silver, and place it on charcoal, connected with one end
of the battery, and lower the other charcoal pole on to it.
See how brilliantly it burns [Fig. 49]. Here is a piece of
iron on the charcoal—see what a combustion is going on;

Fio. 49.

ndwomi goonhthhmy, almost overything
poles. Now, I want to shew you
thtdm aissﬂllduﬂmhﬁnﬂy—thntlfmanth
povaw‘hicbhevolvednthbpointbut.ordectruty.
or any reﬁummibmatbownyln
whiehittnwh.wenm find it to be chemical action.
Here is a coloured liquid which can shew by its change of
colour the effects of chemical action. I will pour part of it
htothbg!ns.andyonwllhdthatthaewtmhavea
very strong action. I am not going to shew you any effects
of combustion or heat; but I will take these two
plates, and fasten one to the one pole, and the other to
the other end, and place them in this solution, and in a
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very short time you will see the blue colour will be en-
tirely destroyed. See, it is colourless now!—I have merely

t the end of the wires into the solution of indigo,
and the power of electricity has come through these wires,
and made itself evident by its chemical action. There is
also another curjous thing to be noticed, now we are deal-
ing with the chemistry of electricity, which is that the
chemical power which destroys the colour is only due to
the action on one side. I will pour some more of this sul-

gotic acid™ into a flat dish, and will then make a

dyke of sand, separating the two portions of fluid
into two parts [Fig. 50); and now we shall be able to see

FiG. 50,

whether there is any difference in the two ends of the bat-
tery, and which it is that possesses this peculiar action.
You see it is the one on my right hand which has the power
of destroying the blue—for the portion on that side is
thoroughly bleached—while nothing has apparently oc-
curred on the other side. I say opparently, for you must
not imagine that, because you cannot perceive any action,
none has taken place.

Here we have another instance of chemical action. 1
take these platinum plates again, and immerse them in
this solution of copper, from which we formerly precipi-
tated some of the metal, when the platinum and zine were
both put in it together. You see theso two platinum

plates have no chemical action of any kind—they might
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remain in the solution as long as I liked, without having
any power of themselves to reduce the copper—but the
moment I bring the two poles of the battery in contact

y
nugget of gold, of which there is a model in the other
room—and which has an interest of its own in the natural
history of gold, and which came from Ballarat,® and was
worth £8000 or £9000, when it was melted down last
November—was brought together in the bowels of the

earth, agoes and ages by some such
as this. thmhnkoam‘zrbamﬂhd do-
upon chemical affinity in that fine lead tree™—the

growing and growing by virtue of this power. The
lead and the zinc are combined together in a little voltaic
wrangement, in a manner far more important than the

minute actions are going on for ever, and are of great and
wonderful in the precipitation of metals and

permit me to shew you of chemical affinity producing elec-

deeper into the subject of this chemical force, or this elec-
* Mining town is Aastralia; gold was discovered these in 1851,
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tricity—which shall I name first?—the one producing the
other in a variety of ways. These forces are also wonderful
in their power of producing another of the forces we have
been considering, namely, that of magnetism; and you
know that it is only of late years, and long since I was
born, that the discovery of the relations of these two
forces of electricity and chemical affinity to produce mag-
udmhwbmhnwu?hﬂmphmhdbomm
-ﬁnz' a long time, and had long bad great
o(moeoa, pursuit of science we first start
with dom.‘lbecewredmandutab-

Mmaglhtobeloﬂ.mdupon!hunmfomdm

. —J

. 51

expectations of further discoveries, and so go on pursuing,
realising, establishing, and founding new hopes again and

8:::;v,obuwethls here is a plece of wire which I am
about to make into a bridge of force—that is to say, a
communicator 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 [Fig.
51]; and, though connected with one extreme end of the
battery, you see that before the circuit is completed it has
no power over the But observe it when I make
contact; watch the how it is swung round, and
notice how indifferent it becomes if I break contact again;
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s0 you see we have this wire evidently affecting the mag-
netic needle under these circumstances. Let me shew you
that a little more s . T have here a quantity of wire,
which has been into a spiral; and this will affect
the magnetic needle in a very curious manner, because,
owmwiushape,ltwmaawxy&umdmgnw
copper spiral has no power over magnetic at
; but if I cause the electric current to circulate
through it, by bringing the two ends of the battery in con-
tact with the ends of the wire which forms the spiral, what
will happen? Why, one end of the needle is most power-
fully drawn to it; and if I take the other ead of the needle,
it is repelled: so you see I have exactly the same
as I had with the bar magnet—one end at-

tracting, and the other repelling. Is not this, then, curious,
to see that we can construct a magnet of copper? Further-
more, if I take an iron bar and put it inside the coil, so
long as there is no electric current circulating round, it has
no attraction—as you will observe if I bring a little iron
filings or nails near the iron. But now, if I make contact
with the battery, they are attracted at once. It becomes
at once & magnet—so much so, that I should not
wonder if these magnetic needles on different parts of
the table pointed to it. And I will shew you by another
t what an attraction it has. This piece and that

piece of iron, and many other pieces, are now strongly
attracted [Fig. 52]; but as soon as I break contact, the
is all gone, and they fall. What, then, can be a

or a stronger proof than this of the relation of the
powers of magnetism and electricity? Again, here is a
little piece of iron which is not yet magnetised. It will not
at present take up any one of these nails; but I will take a
piece of wire and coil it round the iron (the wire being
covered with cotton in every part, it does not touch the
iron ), so that the current must go round in this spiral coil.

15



I am, in fact, preparing an electro-magnet (we are obliged
to use such terms to express our meaning, because it is a
maganet made by electricity—because we produce by the
force of electricity a magnet of far greater power than a
permanent steel one). It is now completed, and I will re-
peat the experiment which you saw the other day, of build-
ing up a bridge of iron nails. The contact is now made,
and the current is going through; it is now a powerful
magnet. Here are the iron nails which we had the other

day; and now I have brought this magnet near them, they

Fic. sa.

are clinging so hard that I can scarcely move them with
my hand [Fig. 53]. But when the contact is broken, see
how they fall. What can shew you better than such an
t as this the magnetic attraction with which we

have endowed these portions of iron? Here, again, is a
fine illustration of this strong power of magnetism. It is a
et of the same sort as the one you have just seen.

I am about to make the current of electricity pass through
the wires which are round this iron for the purpose of
shewing you what powerful effects we get. Here are the
poles of the magnet; and let us place on one of them this
long bar of iron. You see, as soon as contact is made, how
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it rises in position [Fig. 54]; and if 1 take such a piece as
this cylinder, and place it on, woe be to me if 1 get my
finger between: I can roll it over, but i I try to pull it off,
I might lift up the whole magnet, but I have no power to
overcome the magnetic power which is here evident, I
migbtgh'ayouanmﬁmtvoﬂllnsmmmo‘dﬂshighmag

netic power. There is that Jong bar of iron held out; and
I have no doubt that, if I were to examine the other end,
I should find that it was a magnet. See what it must
have to support not only these nails, but all lumps of




iron hanging on to the end. What, then, can surpass these
evidences of the change of chemical force into electricity,
and electricity into magnetism? I might shew you many
other experiments whereby I could obtain electricity and
chemical action, heat and light, from a magnet; but what
more need I shew you to prove the universal correlation
of the physical forces of matter, and their mutual conver-
sion one into another?

And now, let us give place, as juveniles, to the respect
we owe to our elders; and for a time let me address myself
to those of our seniors who have honoured me with their
presence during these lectures. I wish to claim this mo-
ment for the purpose of tendering our thanks to them, and
my thanks to you all, for the way in which you have borne
the inconvenience that I at first subjected you to. I hope
that the insight which you have here gained into some of
the laws by which the universe is govemed, may be the
occasion of some amongst you turning your attention to
these subjects; for what study is there more fitted to the
mind of man than that of the physical sciences? And what
is there more capable of giving him an insight into the ac-
tions 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,
Sermons in stones, and good in everything?”
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