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SOURCES--STRUCTURE--MOBILITY--BRIGHTNESS. I purpose, in return for the honour you do us by coming to see what are our proceedings here, to bring before you, in the course of these lectures, the Chemical History of a Candle. I have taken this subject on a former occasion; and were it left to my own 
will, I should prefer to repeat it almost every year--so abundant is the interest that attaches itself to the subject, so wonderful are the varieties of outlet which it offers into the various departments of philosophy. There is not a law under which any part of this universe is governed which does not come into pl
ay, and is touched upon in these phenomena. There is no better, there is no more open door by which you can enter into the study of natural philosophy, than by considering the physical phenomena of a candle. I trust, therefore, I shall not disappoint you in choosing this for my subject rather than any new
er topic, which could not be better, were it even so good. And before proceeding, let me say this also--that though our subject be so great, and our intention that of treating it honestly, seriously, and philosophically, yet I mean to pass away from all those who are seniors amongst us. I claim the privilege of s
peaking to juveniles as a juvenile myself. I have done so on former occasions--and, if you please, I shall do so again. And though I stand here with the knowledge of having the words I utter given to the world, yet that shall not deter me from speaking in the same familiar way to those whom I esteem nearest 
to me on this occasion. And now, my boys and girls, I must first tell you of what candles are made. Some are great curiosities. I have here some bits of timber, branches of trees particularly famous for their burning. And here you see a piece of that very curious substance taken out of some of the bogs in Ire
land, called candle-wood,--a hard, strong, excellent wood, evidently fitted for good work as a resister of force, and yet withal burning so well that where it is found they make splinters of it, and torches, since it burns like a candle, and gives a very good light indeed. And in this wood we have one of the most 
beautiful illustrations of the general nature of a candle that I can possibly give. The fuel provided, the means of bringing that fuel to the place of chemical action, the regular and gradual supply of air to that place of action--heat and light--all produced by a little piece of wood of this kind, forming, in fact, a na
tural candle. But we must speak of candles as they are in commerce. Here are a couple of candles commonly called dips. They are made of lengths of cotton cut off, hung up by a loop, dipped into melted tallow, taken out again and cooled, then re-dipped until there is an accumulation of tallow round the cot
ton. In order that you may have an idea of the various characters of these candles, you see these which I hold in my hand--they are very small, and very curious. They are, or were, the candles used by the miners in coal mines. In olden times the miner had to find his own candles; and it was supposed that a 
small candle would not so soon set fire to the fire-damp in the coal mines as a large one; and for that reason, as well as for economy's sake, he had candles made of this sort--20, 30, 40, or 60 to the pound. They have been replaced since then by the steel-mill, and then by the Davy-lamp, and other safety-lam
ps of various kinds. I have here a candle that was taken out of the Royal George[1], it is said, by Colonel Pasley. It has been sunk in the sea for many years, subject to the action of salt water. It shews you how well candles may be preserved; for though it is cracked about and broken a good deal, yet, when li
ghted, it goes on burning regularly, and the tallow resumes its natural condition as soon as it is fused. Mr. Field, of Lambeth, has supplied me abundantly with beautiful illustrations of the candle and its materials. I shall therefore now refer to them. And, first, there is the suet--the fat of the ox--Russian tallow
, I believe, employed in the manufacture of these dips, which Gay Lussac, or some one who entrusted him with his knowledge, converted into that beautiful substance, stearin, which you see lying beside it. A candle, you know, is not now a greasy thing like an ordinary tallow candle, but a clean thing, and y
ou may almost scrape off and pulverise the drops which fall from it without soiling anything. This is the process he adopted[2]:--The fat or tallow is first boiled with quick-lime, and made into a soap, and then the soap is decomposed by sulphuric acid, which takes away the lime, and leaves the fat re-arrange
d as stearic acid, whilst a quantity of glycerin is produced at the same time. Glycerin--absolutely a sugar, or a substance similar to sugar--comes out of the tallow in this chemical change. The oil is then pressed out of it; and you see here this series of pressed cakes, shewing how beautifully the impurities a
re carried out by the oily part as the pressure goes on increasing, and at last you have left that substance which is melted, and cast into candles as here represented. The candle I have in my hand is a stearin candle, made of stearin from tallow in the way I have told you. Then here is a sperm candle, which c
omes from the purified oil of the spermaceti whale. Here also are yellow bees-wax and refined bees-wax, from which candles are made. Here, too, is tha t curious substance called paraffin, and some paraffin candles made of paraffin obtained from the bogs of Ireland. I have here also a substance brought
 from Japan, since we have forced an entrance into that out-of-the-way place--a sort of wax which a kind friend has sent me, and which forms a new ma terial for the manufacture of candles. And how are these candles made? I have told you about dips, and I will shew you how moulds are made. Let us i
magine any of these candles to be made of materials which can be cast. "Cast!" you say. "Why, a candle is a thing that melts; and surely if you can me lt it, you can cast it." Not so. It is wonderful, in the progress of manufacture, and in the consideration of the means best fitted to produce the required re
sult, how things turn up which one would not expect beforehand. Candles cannot always be cast. A wax candle can never be cast. It is made by a part icu lar process, which I can illustrate in a minute or two: but I must not spend much time on it. Wax is a thing which, burning so well, and melting so easi
ly in a candle, cannot be cast. However, let us take a material that can be cast. Here is a frame, with a number of moulds fastened in it. The first thing to b e done is to put a wick through them. Here is one--a plaited wick, which does not require snuffing[3]--supported by a little wire. It goes to the bottom,
 where it is pegged in--the little peg holding the cotton tight, and stopping the aperture, so that nothing fluid shall run out. At the upper part there is a  little bar placed across, which stretches the cotton and holds it in the mould. The tallow is then melted, and the moulds are filled. After a certain time, whe
n the moulds are cool, the excess of tallow is poured off at one corner, and then cleaned off altogether, and the ends of the wick cut away. The candl es alo ne then remain in the mould, and you have only to upset them, as I am doing, when out they tumble, for the candles are made in the form of cones, 
being narrower at the top than at the bottom; so that what with their form and their own shrinking, they only need a little shaking, and out they fall. I n the s ame way are made these candles of stearin and of paraffin. It is a curious thing to see how wax candles are made. A lot of cottons are hung upon fr
ames, as you see here, and covered with metal tags at the ends to keep the wax from covering the cotton in those places. These are carried to a he ater, wh ere the wax is melted. As you see, the frames can turn round; and as they turn, a man takes a vessel of wax and pours it first down one, and then th
e next and the next, and so on. When he has gone once round, if it is sufficiently cool, he gives the first a second coat, and so on until they are all of the req uired thickness. When they have been thus clothed, or fed, or made up to that thickness, they are taken off, and placed elsewhere. I have here, by t
he kindness of Mr. Field, several specimens of these candles. Here is one only half-finished. They are then taken down, and well rolled upon a fine  stone sla b, and the conical top is moulded by properly shaped tubes, and the bottoms cut off and trimmed. This is done so beautifully that they can make c
andles in this way weighing exactly four, or six, to the pound, or any number they please. We must not, however, take up more time about the mer e manufactu re, but go a little further into the matter. I have not yet referred you to luxuries in candles (for there is such a thing as luxury in candles). See how 
beautifully these are coloured: you see here mauve, magenta, and all the chemical colours recently introduced, applied to candles. You observe, also, differen t forms employed. Here is a fluted pillar most beautifully shaped; and I have also here some candles sent me by Mr. Pearsall, which are ornament
ed with designs upon them, so that as they burn you have as it were a glowing sun above, and a bouquet of flowers beneath. All, however, that i s fine and bea utiful is not useful. These fluted candles, pretty as they are, are bad candles; they are bad because of their external shape. Nevertheless, I shew 
you these specimens sent to me from kind friends on all sides, that you may see what is done, and what may be done in this or that direction; a lthough, as I ha ve said, when we come to these refinements, we are obliged to sacrifice a little in utility. Now, as to the light of the candle. We will light one or tw
o, and set them at work in the performance of their proper functions. You observe a candle is a very different thing from a lamp. With a lamp y ou take a little oil,  fill your vessel, put in a little moss or some cotton prepared by artificial means, and then light the top of the wick. When the flame runs down th
e cotton to the oil, it gets extinguished, but it goes on burning in the part above. Now, I have no doubt you will ask, how is it that the oil, whic h will not burn of i tself, gets up to the top of the cotton, where it will burn? We shall presently examine that; but there is a much more wonderful thing about the b
urning of a candle than this. You have here a solid substance with no vessel to contain it; and how is it that this solid substance can get up to the place where the flame is? How is it that this solid gets there, it not being a fluid? or, when it is made a fluid, then how is it that it keeps together? This is a w
onderful thing about a candle. We have here a good deal of wind, which will help us in some of our illustrations, but tease us in others; for t he sake, therefore, o f a little regularity, and to simplify the matter, I shall make a quiet flame--for who can study a subject when there are difficulties in the way not 
belonging to it? Here is a clever invention of some costermonger or street stander in the market-place for the shading of their candles on S aturday nights, when they are selling their greens, or potatoes, or fish. I have very often admired it. They put a lamp-glass round the candle, supported on a kind of 
gallery, which clasps it, and it can be slipped up and down as required. By the use of this lamp-glass, employed in the same way, you hav e a steady flame, which  you can look at, and carefully examine, as I hope you will do, at home. You see, then, in the first instance, that a beautiful cup is formed. As t
he air comes to the candle it moves upwards by the force of the current which the heat of the candle produces, and it so cools all the side s of the wax, tallow, or f uel, as to keep the edge much cooler than the part within; the part within melts by the flame that runs down the wick as far as it can go before
 it is extinguished, but the part on the outside does not melt. If I made a current in one direction, my cup would be lop-sided, and the fluid  would consequently run  over,--for the same force of gravity which holds worlds together holds this fluid in a horizontal position, and if the cup be not horizontal, of c
ourse the fluid will run away in guttering. You see, therefore, that the cup is formed by this beautifully regular ascending current of air pl aying upon all sides, whic h keeps the exterior of the candle cool. No fuel would serve for a candle which has not the property of giving this cup, except such fuel as th
e Irish bogwood, where the material itself is like a sponge, and holds its own fuel. You see now why you would have had such a bad res ult if you were to burn thes e beautiful candles that I have shewn you, which are irregular, intermittent in their shape, and cannot therefore have that nicely-formed edge
 to the cup which is the great beauty in a candle. I hope you will now see that the perfection of a process--that is, its utility--is the better  point of beauty about it. It i s not the best looking thing, but the best acting thing, which is the most advantageous to us. This good-looking candle is a bad burning one
. There will be a guttering round about it because of the irregularity of the stream of air and the badness of the cup which is formed the reby. You may see some pre tty examples (and I trust you will notice these instances) of the action of the ascending current when you have A little gutter run down the si
de of a candle, making it thicker there than it is elsewhere. As the candle goes on burning, that keeps its place and forms a little pillar sticking up by the side, becau se, as it rises higher above the rest of the wax or fuel, the air gets better round it, and it is more cooled and better able to resist the action o
f the heat at a little distance. Now, the greatest mistakes and faults with regard to candles, as in many other things, often bring with t hem instruction which we shou ld not receive if they had not occurred. We come here to be philosophers; and I hope you will always remember that whenever a result hap
pens, especially if it be new, you should say, "What is the cause? Why does it occur?" and you will in the course of time find out the reason. Then, there is another p oint about these candles which will answer a question,--that is, as to the way in which this fluid gets out of the cup, up the wick, and into t
he place of combustion. You know that the flames on these burning wicks in candles made of beeswax, stearin, or spermaceti, do n ot run down to the wax or other m atter, and melt it all away, but keep to their own right place. They are fenced off from the fluid below, and do not encroach on the cup at th
e sides. I cannot imagine a more beautiful example than the condition of adjustment under which a candle makes one part subserv e to the other to the very end of its action. A combustible thing like that, burning away gradually, never being intruded upon by the flame, is a very beautiful sight; especially
 when you come to learn what a vigorous thing flame is--what power it has of destroying the wax itself when it gets hold of it, and of disturbing its proper form if it com e only too near. But how does the flame get hold of the fuel? There is a beautiful point about that--capillary attraction[4]. "Capillary attrac
tion!" you say,--"the attraction of hairs." Well, never mind the name: it was given in old times, before we had a good understandin g of what the real power was. It is by w hat is called capillary attraction that the fuel is conveyed to the part where combustion goes on, and is deposited there, not in a careles
s way, but very beautifully in the very midst of the centre of action which takes place around it. Now, I am going to give you one or two instances of capillary attraction. I t is that kind of action or attraction which makes two things that do not dissolve in each other still hold together. When you wash your 
hands, you wet them thoroughly; you take a little soap to make the adhesion better, and you find your hand remains wet. This i s by that kind of attraction of which I am a bout to speak. And, what is more, if your hands are not soiled (as they almost always are by the usages of life), if you put your finger i
nto a little warm water, the water will creep a little way up the finger, though you may not stop to examine it. I have here a sub stance which is rather porous--a column of salt--and I will pour into the plate at the bottom, not water, as it appears, but a saturated solution of salt which cannot absorb more; s
o that the action which you see will not be due to its dissolving anything. We may consider the plate to be the candle, and the  salt the wick, and this solution the melted ta llow. (I have coloured the fluid, that you may see the action better.) You observe that, now I pour in the fluid, it rises and gradually cr
eeps up the salt higher and higher; and provided the column does not tumble over, it will go to the top. [Illustration: Fig. 1.] I f this blue solution were combustible, and we were to place a wick at the top of the salt, it would burn as it entered into the wick. It is a most curious thing to see this kind of action
 taking place, and to observe how singular some of the circumstances are about it. When you wash your hands, you take a  towel to wipe off the water; and it is by that kin d of wetting, or that kind of attraction which makes the towel become wet with water, that the wick is made wet with the tallow. I hav
e known some careless boys and girls (indeed, I have known it happen to careful people as well) who, having washed thei r hands and wiped them with a towel, have throw n the towel over the side of the basin, and before long it has drawn all the water out of the basin and conveyed it to the floor, becau
se it happened to be thrown over the side in such a way as to serve the purpose of a syphon.[5] That you may the better s ee the way in which the substances act one upon a nother, I have here a vessel made of wire gauze filled with water, and you may compare it in its action to the cotton in one respect, 
or to a piece of calico in the other. In fact, wicks are sometimes made of a kind of wire gauze. You will observe that this v essel is a porous thing; for if I pour a little water on t o the top, it will run out at the bottom. You would be puzzled for a good while if I asked you what the state of this vessel is, what is i
nside it, and why it is there? The vessel is full of water, and yet you see the water goes in and runs out as if it were emp ty. In order to prove this to you, I have only to empty it. The reason is this,--the wire, being once wetted, remains wet; the meshes are so small that the fluid is attracted so strongly from t
he one side to the other, as to remain in the vessel although it is porous. In like manner the particles of melted tallow a scend the cotton and get to the top; other particles then follow by their mutual attraction for each other, and as they reach the flame they are gradually burned. Here is another application
 of the same principle. You see this bit of cane. I have seen boys about the streets, who are very anxious to appear like  men, take a piece of cane, and light it and smoke it, as a n imitation of a cigar. They are enabled to do so by the permeability of the cane in one direction, and by its capillarity. If I place t
his piece of cane on a plate containing some camphin (which is very much like paraffin in its general character), exac tly in the same manner as the blue fluid rose through the s alt will this fluid rise through the piece of cane. There being no pores at the side, the fluid cannot go in that direction, but must 
pass through its length. Already the fluid is at the top of the cane: now I can light it and make it serve as a candle. Th e fluid has risen by the capillary attraction of the piece of ca ne, just as it does through the cotton in the candle. Now, the only reason why the candle does not burn all down the side of the 
wick is, that the melted tallow extinguishes the flame. You know that a candle, if turned upside down, so as to allow the fuel to run upon the wick, will be put out. The reason is, th at the flame has not had time to make the fuel hot enough to burn, as it does above, where it is carried in small quantities into 
the wick, and has all the effect of the heat exercised upon it. There is another condition which you must learn as reg ards the candle, witho ut which you would not be able full y to understand the philosophy of it, and that is the vaporous condition of the fuel. In order that you may understand that, let 
me shew you a very pretty, but very common-place experiment. If you blow a candle out cleverly, you will see the v apour rise from it. You  h ave, I know, often smelt the vapour of a blown-out candle--and a very bad smell it is; but if you blow it out cleverly, you will be able to see pretty well the vapour
 into which this solid matter is transformed. I will blow out one of these candles in such a way as not to disturb the  air around it, by the c on ti n u ing action of my breath; and now , if I hold a lighted taper two or three inches from the wick, you will observe a train of fire going through the air till it reaches 
the candle. I am obliged to be quick and ready, because, if I allow the vapour time to cool, it becomes condensed into a liquid or solid, or  t h e stream of combustible matter ge ts disturbed. Now, as to the shape or form of the flame. It concerns us much to know about the condition which the matter of
 the candle finally assumes at the top of the wick--where you have such beauty and brightness as nothing but co mbustion or flame can produc e. [ Illustration: Fig. 2.] You have the  glittering beauty of gold and silver, and the still higher lustre of jewels, like the ruby and diamond; but none of these rival t
he brilliancy and beauty of flame. What diamond can shine like flame? It owes its lustre at night-time to the very flame shining upon it. The fla me shines in darkness, but the light which the diamond has is as nothing until the flame shine upon it, when it is brilliant again. The candle alone shines by itsel
f, and for itself, or for those who have arranged the materials. Now, let us look a little at the form of the flame as  you see it under the gl ass sh ade . It is steady and equal; and its general form is that which is represented in the diagram, varying with atmospheric disturbances, and also varying according 
to the size of the candle. It is a bright oblong--brighter at the top than towards the bottom--with the wick in the  middle, and besides the  wick in  the  middle, certain darker parts tow ards the bottom, where the ignition is not so perfect as in the part above. [Illustration: Fig. 3.] I have a drawing here, sketc
hed many years ago by Hooker, when he made his investigations. It is the drawing of the flame of a lamp, but  it will apply to the flame of a candle . The cup of the candle is the vess el or lamp, the melted spermaceti is the oil, and the wick is common to both. Upon that he sets this little flame, and then h
e represents what is true--a certain quantity of matter rising about it which you do not see, and which, if you  have not been here befor e, or are not familiar with the subject, you will n ot know of. He has here represented the parts of the surround ing atmosphere that are very essential to the flam
e, and that are always present with it. There is a current formed, which draws the flame out--for the flame w hich you see is really draw n out by the current, and drawn upward to a great height--just as Hooker has here shewn you by that prolon gation of the current in the diagram. You may see this 
by taking a lighted candle, and putting it in the sun so as to get its shadow thrown on a piece of paper. Ho w remarkable it is that that thing  which is lig ht enough to produce shadows of other objects, can be made to throw its own shadow o n a piece o f white paper or card, so that you can actually s
ee streaming round the flame something which is not part of the flame, but is ascending and drawing the  flame upwards. Now, I am  going to imitate t he sunlight, by applying the volta ic battery to the electric lamp. You now see our sun, a nd its great  luminosity; and by placing a candle between it a
nd the screen, we get the shadow of the flame. [Illustration: Fig. 4.] You observe the shadow of the candl e and of the wick; then there i s a darkish par t, as represented in the diagram, and then a part which is more distinct. Curiously e nough, however, what we see in the shadow as the darkest part 
of the flame is, in reality, the brightest part; and here you see streaming upwards the ascending current of hot air, as shewn by H ooker , w hich draws ou t the flame, sup plie s it with air, and cools the sides of the cup of melt ed fuel. I can give you here a little further illustration, for the purp
ose of shewing you how flame goes up or down; according to the current. I have here a flame--it is not a candle flame--but you can, no do u bt, by this ti me, generalise enough to be ab le to  compare o ne thing with another. What I am about to do is to ch
ange the ascending current that takes the flame upwards into a descending current. This I can easily d o by the little apparatus y ou see be f o re me. The flame, as I have said, is not a can dle flame, but it is produced by alcohol, so that it shall no t smoke too much. I will also colour the flame with an
other substance[6], so that you may trace its course; for with the spirit alone you could hardly see we ll enough to have the opp ortunity o f t r acing it s direction. By lighting this spirit- of-wine, we have then a flame produced; and you o bserve that when held in the air, it naturally goes upwar
ds. [Illustration: Fig. 5] You understand now easily enough why flames go up under ordinary circum stances--it is because of th e draug h t o f a ir by  wh ich the combustion is formed. But now, by blowing the flame down, you see I am enabled to make it go downwards into this little chimney--the dire
ction of the current being changed. Before we have concluded this course of lectures, we shall shew  you a lamp in which the fl ame go es up  an d  the smoke goes down, or the flame  goes down and the smoke goes up. You see, then, that we have the power in this way of varying the flame in differ
ent directions. There are now some other points that I must bring before you. Many of the flames yo u see here vary very m uc h in the i r s hap e  by the currents of air blowing arou nd them in different directions; but we can, if we like, make flames so that they will look like fixtures, and we can p
hotograph them--indeed, we have to photograph them--so that they become fixed to us, if we wish t o find out everything co ncernin g the m. That, h owev er, is not the only thing I wish to  mention. If I take a flame sufficiently large, it does not keep that homogeneous, that uniform condition of shape, b
ut it breaks out with a power of life which is quite wonderful. I am about to use another kind of fuel, but one which is truly and f airly  a rep resenta ti ve o f the wax or tallow of a candle. I  have here a large ball of cotton, which will serve as a wick. And, now that I have immersed it in spirit and applied
 a light to it, in what way does it differ from an ordinary candle? Why, it differs very much in one respect, that we have a viva cit y and powe r a bout  it , a beauty and a life entirely differe nt from the light presented by a candle. You see those fine tongues of flame rising up. You have the same general
 disposition of the mass of the flame from below upwards; but, in addition to that, you have this re markable breaking out  in t o tongue s whi ch y ou do not perceive in the case o f a candle. Now, why is this? I must explain it to you, because when you understand that perfectly, you will be abl
e to follow me better in what I have to say hereafter. I suppose some here will have made for themselves the experiment I am go ing to sh ew yo u. Am  I right in supposing that anyb ody here has played at snapdragon? I do not know a more beautiful illustration of the philosophy of flame, as to 
a certain part of its history, than the game of snapdragon. First, here is the dish; and let me say, that when you play snap dragon  p roperl y, you ough t t o have the dish well-warmed; yo u ought also to have warm plums and warm brandy, which, however, I have not got. When you have put the spiri
t into the dish, you have the cup and the fuel; and are not the raisins acting like the wicks? I now throw the plums into th e  dish, and li gh t th e sp iri t, and you see those beautiful tongues  of flame that I refer to. You have the air creeping in over the edge of the dish forming these tongues. Why? Bec
ause, through the force of the current and the irregularity of the action of the flame, it cannot flow in one uniform stream.  T he air  flows in s o i rregul ar l y  t h at you have what would other wise be a single image, broken up into a variety of forms, and each of these little tongues has an independent e
xistence of its own. Indeed, I might say, you have here a multitude of independent candles. You must not imagine, becau se you se e these ton gu es all at  o n c e, that the flame is of this part icular shape. A flame of that shape is never so at any one time. Never is a body of flame, like that which you jus
t saw rising from the ball, of the shape it appears to you. It consists of a multitude of different s hapes, succeeding each other so fast that the ey e is only abl e to  take cognisance of them all at once. In former times, I purposely analysed a flame of that general character, and the diagram shews you the
 different parts of which it is composed. They do not occur all at once: it is only because we see these shapes in such rapid succession , that  they  seem t o us  to exist all at one time. [Illus tration: Fig. 6.] It is too bad that we have not got further than my game of snapdragon; but we must not, under 
any circumstances, keep you beyond your time. It will be a lesson to me in future to hold you more strictly to the p hi losop hy of the thing , t h an to t ake up your time so much with  these illustrations. LECTURE II. A CANDLE: BRIGHTNESS OF THE FLAME--AIR NECESSARY FOR COMBUSTI
ON--PRODUCTION OF WATER. We were occupied the last time we met in considering the general character and arr ang ement  as regards the flui d portion of a c andle, and the way in which that fluid got into the place of combustion. You see, when we have a candle burning fairly in a regular, steady 
atmosphere, it will have a shape something like the one shewn in the diagram, and will look pretty uniform, althou g h very  curious in it s character.  And now, I h ave to ask your attention to  the means by which we are enabled to ascertain  what happens in any particular part of the flame--why it 
happens, what it does in happening, and where, after all, the whole candle goes to: because,  as you know ver y w el l, a c andle bei ng broug ht before  us and burned, disappears, if burne d properly, without the least trace of dirt in the can dlestick--and this is a very curious circumstance. In ord
er, then, to examine this candle carefully, I have arranged certain apparatus, the use of whic h you will see as I  go o n.  Here is a ca ndl e : I am about to  put  th e end of this glass tube into the middle of the flame--into that part which old Ho oker has represented in the diagram as being rather dark
, and which you can see at any time, if you will look at a candle carefully, without blowing it about. We will examine  t his dark  part first . [Il lu stration: Fig. 7 .] Now, I take this bent glass tube , and introduce one end into that part of the flame , and you see at once that something is coming from the fl
ame, out at the other end of the tube; and if I put a flask there, and leave it for a little while, you will see that so meth ing fro m the mid d le part of th e flam e is gradually drawn out, and goes through the tube and into that flask, and the re behaves very differently from what it does in the open ai
r. It not only escapes from the end of the tube, but falls down to the bottom of the flask like  a heavy substance ,  a s  indeed  it is. W e find t hat th is is  t he wax of the candle made into a vaporous fluid--not a gas. (You must lear n the difference between a gas and a vapour: a gas remains 
permanent, a vapour is something that will condense.) If you blow out a candle, you perce ive a very nasty smell , resul t ing fro m t he co ndensat io n of this vapour. That is very different from what you have outside the flame ; and, in order to make that more clear to you, I am abou
t to produce and set fire to a larger portion of this vapour--for what we have in the small w ay in a candle, to understan d thorough ly , we m ust, a s phi lo s o phers, produce in a larger  way, if needful, that we may examine the diff eren t parts. And now Mr. Anderson will give me a sourc
e of heat, and I am about to shew you what that vapour is. Here is some wax in a glass fla sk, and I am goin g to make it hot, as t h e in side o f tha t c a n dle-flame is hot, and the matter about the wick is hot. [The Lecturer pla ced some  wax in a glass flask, and heated it over a lamp.] 
Now, I dare say that is hot enough for me. You see that the wax I put in it has become flui d, and there is a litt le smok e com ing  f r o m it . We shall very s o on have the vapour rising up. I will make it still hotter, and now we get  more of it, s o that I can actually pour the vapour out of the fla
sk into that basin, and set it on fire there. This, then, is exactly the same kind of vapour a s we have in the mi ddle of the c andle;  a nd t hat you may be sure this is the case, let us try whether we have not got here, in this f lask, a real c ombustible vapour out of the middle of the candle
. [Taking the flask into which the tube from the candle proceeded, and introducing a lighte d taper.] See how it  b urns. Now, thi s i s the v apou r from t h e m iddle o f  the ca ndle, produced by its own heat; and that is one of the first things you
 have to consider with respect to the progress of the wax in the course of its combustion,  and as rega r ds  th e changes it un derg o e s. I  will ar range  another tube carefully in t he flame, and I should not wonder if we w ere able, by  a little care, to get that vapour to pass through the 
tube to the other extremity, where we will light it, and obtain absolutely the flame of the ca ndle at a pla c e distant from it. Now , l oo k a t  that . Is not t hat a  very pretty experiment ? Talk about laying on gas--why, we ca n actua lly lay on a candle! And you see from this that there a
re clearly two different kinds of action--one the production of the vapour, and the other the  combustion of  it--both of wh ic h t ake pla ce  in part i c u lar p arts of the candle. [Illus tration: Fig. 8] I shall get no vapour fro m t hat part which is already burnt. If I raise the tube (fig. 7) t
o the upper part of the flame, so soon as the vapour has been swept out, what comes away  will be no l o ng er c ombustib le: It is already bu rned. H ow bu rned? Why, burned thu s:--In the middle of the flame, where the wick is, there is this combustible vapour; on the outside of the flame
 is the air which we shall find necessary for the burning of the candle; between the two, int ense chemi cal acti on  take s p lace, whe reby t h e air and the fuel act upon each other, and at the very same time that we obtain light the vapour inside is destroyed. If you examine wher
e the heat of a candle is, you will find it very curiously arranged. Suppose I take this candle , and hold a p iece  o f pa p er  c l ose u pon the  f lame,  where is the heat of t hat flame? Do you not see that it is not in the inside? It is in a ring, exactly in the place where I told you the ch
emical action was; and even in my irregular mode of making the experiment, if there is not t oo much di st urbance,  t h er e will a lwa y s be a ring. This i s  a good experiment f or you to make at home. Take a strip of paper, have the air in the room quiet, and put the piece of paper right a
cross the middle of the flame (I must not talk while I make the experiment), and you will find that it is b urnt  i n two  p l ac es ,  and that it  is no t burnt, or very little s o, in the middle; and when you have tried the experiment once or twice, so as to make it nicely, you will be very
 interested to see where the heat is, and to find that it is where the air and the fuel come toge ther. This is most importa n t f o r us as we proce ed  with our subject. Air is absolutely necessary for combustion; and, what is more, I must have you understand that fresh air is necess
ary, or else we should be imperfect in our reasoning and our experiments. Here is a jar of air.  I plac e it ov er  a candle,  an d i t b ur n s very nicely in it at first, shewing that what I have said about it is true; but there will soon be a change. See how the flame is drawing upwards, 
presently fading, and at last going out. And going out, why? Not because it wants air merely, f or the  jar is  as full n o w  as it was be fo re; bu t it want s pure, fresh ai r. The jar is full of air, partly changed, partly not changed; but it does not contain sufficient of the fresh air which i
s necessary for the combustion of a candle. These are all points which we, as young chemists, have to gat her up ; an d i f w e lo ok a li ttl e m ore cl osely into this kind of action, we shall find certain steps of reasoning extremely interesting. For instance, here is the oil-lamp I s
hewed you--an excellent lamp for our experiments--the old Argand lamp. I now make it like a can dle [obstructi ng t h e pa ssa ge of air i nto the  c entre of the flame]; there is the cotton; there is the oil rising up it; and there is the conical flame. It burns poorly, because there
 is a partial restraint of air. I have allowed no air to get to it, save round the outside of the flame, and it does no t bu rn  w e l l.  I cann ot adm it more air from the outside, because the wick is large; but if, as Argand did so cleverly, I open a passage to the middle of the fla
me, and so let air come in there, you will see how much more beautifully it burns. If I shut the air off, look how i t s mo k e s ; a nd why? We  have now some very interesting points to study. We have the case of the combustion of a candle; we have the case of a candle b
eing put out by the want of air; and we have now the case of imperfect combustion; and this is to  us so i nteres ti n g, t h at  I  w ant  you to  understand it as thoroughly as you do the case of a candle burning in its best possible manner. I will now make a great flame, b
ecause we need the largest possible illustrations. Here is a larger wick [burning turpentine on a ba ll o f c ott on ]. All t hes e  t hi ngs are the same  as candles, after all. If we have larger wicks, we must have a larger supply of air, or we shall have less perfect combus
tion. Look now at this black substance going up into the atmosphere; there is a regular stream of it . I ha ve pr o vide d means to  carry of f the imperfectly burned part, lest it should annoy you. Look at the soots that fly off from the flame: see what an imperfe
ct combustion it is, because it cannot get enough air. What, then, is happening? Why, certain things  whic h a re ne c es s ar y to the  combustion of a candle are absent, and very bad results are accord ingly produced; but we see what happens to a ca
ndle when it is burnt in a pure and proper state of air. At the time when I shewed you this charring by the  ri ng of f l a me on t he one si de of the paper, I might have also shewn you, by turnin g to the other side, that the burning of a candle produces t
he same kind of soot--charcoal or carbon. But, before I shew that, let me explain to you--as it is quite n ece ssa r y  f or  our pur pose--that, though I take a candle and give you, as the genera l result, its  combustion in the form of a flame, we must see w
hether combustion is always in this condition, or whether there are other conditions of flame; and we sh all soon dis co v er th a t there ar e, and that they are most important to us. I think, perhaps, th e best illust ration of such a point to us, as juveniles, is to shew 
the result of strong contrast. Here is a little gunpowder. You know that gunpowder burns with flame--we may f ai r l y  ca ll i t flam e. It contains carbon a nd oth er mat erials, which  altogether cause it to burn with a flame. And here is 
some pulverised iron, or iron filings. Now, I purpose burning these two things together. I have a little morta r i n whi c h  I  wi ll  mix them. (Before I go into these expe riments, let  m e hope that none of you, by trying to repeat them, 
for fun's sake, will do any harm. These things may all be very properly used if you take care; but without tha t, m u c h mi s chie f will be  done.) Well, then, here is a little gunpowder, which I put  at the bo tt om of that little wooden vessel, and mix the iron fi
lings up with it, my object being to make the gunpowder set fire to the filings and burn them in the air, and th ere b y s he w the  difference between substances burning with flame and not  with flame. Here is the mixture; and when I set fire 
to it, you must watch the combustion, and you will see that it is of two kinds. You will see the gunpowder burni ng  w ith a f l ame, and the filings thrown up. You will see them burning too, but without  the production of flame. They will each burn separat
ely. [The Lecturer then ignited the mixture.] There is the gunpowder, which burn s with a flame; and there ar e  the f il in gs- -they burn with a different kind of combustion. You see, then, these two great distinctions; and upon these differences depend all the ut
ility and all the beauty of flame which we use for the purpose of giving out light . When we use oil, or gas, or can d le , for  th e purpose of illumination, their fitness all depends upon these different kinds of combustion. There are such curious conditions of flame, t
hat it requires some cleverness and nicety of discrimination to dis tingui sh the kinds of  combustion one from a no the r. For instance, here is a powder which is very combustible, consisting, as you see, of separate little particles. It is called lycopodium[7], and 
each of these particles can produce a vapour, and produce its o wn flame; but, to see them burnin g, you would imagin e it  was all one flame. I will now set fire to a quantity, and you will see the effect. We saw a cloud of flame, apparently in one body; but that rushing n
oise [referring to the sound produced by the burning] was a pr oof that the combustion was not a con tinuous o r reg ul ar one. This is the lightning of the pantomimes, and a very good imitation. [The experiment was twice repeated by blowing lycopodium from a glass 
tube through a spirit-flame.] This is not an example of combust ion  like that of the filings  I h ave been sp eaki ng  of, to which we must now return. Suppose I take a candle, and examine that part of it which appears brightest to our eyes. Why, there I get these black part
icles, which already you have seen many times evolved from th e fl ame, and which I am n ow a bout to evolve in a differen t way. I will take this candle and clear away the gutterage, which occurs by reason of the currents of air; and if I now arrange a glass tube so as just to dip into thi
s luminous part, as in our first experiment, only higher, you see  th e r esult. In place of having t he sam e white vapour that y ou had before, you will now have a black vapour. There it goes, as black as ink. It is certainly very different from the white vapour; and when we put a light to it, 
we shall find that it does not burn, but that it puts the light out. Well , these particles, as I said before, are just the smoke o f the candle; and this brings to mind that old employment which Dean Swift recommended to servants for their amusement, namely, writing on the ceiling of a room 
with a candle. But what is that black substance? Why, it is the same ca rb on which exists in the candle. How comes it o ut of the candle?  It evidently existed in the candle, or else we should not have had it here. And now I want you to follow me in this explanation. You would hardly think t
hat all those substances which fly about London, in the form of soots and black s, a re the very beauty and l ife  of th e flame, and which are burned in it as those iron filings were burned here. Here is a piece of wire gauze, which will not let the flame go through it; and I think you wil
l see, almost immediately, that when I bring it low enough to tou ch tha t par t of th e flame which is otherwise s o b right, that it quells and quen ches it at once, and allows a volume of smoke to rise up. I want you now to follow me in this point,--that whenever a substance burns, as t
he iron filings burnt in the flame of gunpowder, without assumin g t h e v apor o u s state (whether it be c o mes liquid or remains solid), it becomes exceedingly luminous. I have here taken three or four examples apart from the candle, on purpose to illustrate this p
oint to you; because what I have to say is applicable to all subst ances, whether they bu rn or whether they d o not burn, --t hat t hey are exceedingly bright if t hey retain their solid state, and that it is to this presence of solid particles in the candle-flame that it owes its brilliancy. Here is a plat
inum-wire, a body which does not change by heat. If I heat it in t his flam e,  see how exceedi ngly luminous it becomes. I will  make  the  flame dim, for the purpose of giving a little light only, and yet you will see that the heat which it can give to that platinum-wire, though far less than t
he heat it has itself, is able to raise the platinum-wire to a far hig her state of effulge nce. T his flame has car b on in it; but I will  take o ne that has no carbon in it . There is a material, a kind of fuel--a vapour, or gas, whichever you like to call it--in that vessel, and it has no solid particles in
 it; so I take that because it is an example of flame itself burning  without a ny solid  matter  whatever; and if I n ow put th is solid s ubstan ce in  it, you see what an i ntense heat it has, and how brightly it causes the solid body to glow. This is the pipe through which we convey this particul
ar gas, which we call hydrogen, and which you shall know all ab out next ti me we meet. A nd here is a subs tance called oxygen, by m ean s o f w hi ch this hydrogen can  burn; and although we produce, by their mixture, far greater heat[8] than you can obtain from the candle, yet there is very l
ittle light. If, however, I take a solid substance, and put that into  it, we pro duce an  in tense light If I tak e a piece of lime, a  sub stan ce  w hic h w ill not burn, and  which will not vaporise by the heat (and because it does not vaporise, remains solid, and remains heated), you will soon o
bserve what happens as to its glowing. I have here a most inten se heat, pr oduced  by  the burning of hy drogen in contact wit h the  oxy gen;  but ther e is as yet very lit tle light--not for want of heat, but for want of particles which can retain their solid state; but when I hold this piece of l
ime in the flame of the hydrogen as it burns in the oxygen, see how it glow s! This is the g lorious lime-li ght , which ri vals the vo ltaic-ligh t, an d w hic h i s almost equal to sunlight. I have here a piece of carbon or charcoal, which will burn and give us light exactly in the same manne
r as if it were burnt as part of a candle. The heat that is in the fl ame of a ca ndle decom poses the vapour  of t he w ax, and set s free the c arbon particles --th ey r ise up heated an d glowing as this now glows, and then enter into the air. But the particles when burnt never pass off from a can
dle in the form of carbon. They go off into the air as a perfectly  invisible s ubstance, about which we shall kno w  herea fter . Is it not beautiful t o think tha t suc h a process is going on, and that such a dirty thing as charcoal can become so incandescent? You see it comes to this--th
at all bright flames contain these solid particles; all things that  burn and produce sol id particles, either du ring  th e time t hey are burning, as in the candle, o r immediate ly after  b e ing burnt, as in the case of the gunpowder and iron-filings,--all these things give us this glorious and bea
utiful light. I will give you a few illustrations. Here is a piece of phosphorus, which burns with a bright flame. V ery we ll; we may n ow conclude that phosphorus will produce, eith er at the  mo ment that it is burning or afterwards, these solid particles. Here is the phosphorus lighted, and I cover it 
over with this glass for the purpose of keeping in what is prod uced. What is all that sm oke? That smoke consi sts of those very pa rticles which are produced by the combustion of the phosp horus. Here, again, are two substances. This is chlorate of potassa, and this other sulphuret of antimony
. I shall mix these together a little, and then they may be burnt in many ways. I shall to uch them with a drop of sul phuric acid, for the pu rpose of giving you an illustration of chemical acti on, and they will instantly burn[9]. [The Lecturer then ignited the mixture by means of sulphuric acid.] N
ow, from the appearance of things, you can judge for yourselv es whether they produ ce solid matter in burning.  I h ave given you th e tra in of rea soning which will enable you t o  say whether they do or do not; for what is this bright flame but the solid particles passing off? [Illustra
tion: Fig. 9.] Mr. Anderson has in the furnace a very hot crucib le,--I am about to throw  into it some zinc filings, a nd t hey will burn wi th a f la m e like gunpowder .  I make this experiment because you can make it well at home. Now, I want you to see what will be the r
esult of the combustion of this zinc. Here it is burning--burnin g beautifully like a candl e, I may say. But what is a ll t hat smoke, a nd what are t hose little cloud s of wool which will come to you if you cannot come to them, and make themselves sensible to you in the form of 
the old philosophic wool, as it was called? We shall have left i n that crucible, also, a qu antity of this woolly matte r. B ut I will take a pi ece  of this same zinc and m ake an exper iment a little more closely at home, as it were. You will have here the same thing happening. Here is the pi
ece of zinc, there [pointing to a jet of hydrogen] is the furnace , and we w ill set to wor k and try and burn the me tal. I t glows, you se e:  there i s the combust ion, and t h ere is the white substance into which it burns. And so, if I take that flame of hydrogen as the representative 
of a candle, and shew you a substance like zinc burning in th e flame, y ou will see th at it was merely during th e action of comb ustion that this subst ance glo wed --whi le it was kept hot; and if I take a flame of hydrogen, and put this white substance from the zinc into it, look 
how beautifully it glows, and just because it is a solid substa nce. I wi ll now take su ch a flame as I had a mom ent since, and s et free from  it the particl e s of car bon.  Her e is some camphine, which will burn with a smoke; but if I send these particles of smoke through this pipe i
nto the hydrogen flame, you will see they will burn and beco me lumi no us, because w e heat them a second time. There they are. Those are the particles of carbo n re-ignite d a  sec ond time. They are those particles which you can easily see by holding a piece of paper behind them, and w
hich, whilst they are in the flame, are ignited by the heat prod uced, and, when so ignite d, produce this brightness. When the p articles a re not se parated , y ou get no bri ghtn ess. The flame of coal-gas owes its brightness to the separation, during combustion, of these particles of c
arbon, which are equally in that as in a candle. I can very qui ckly alter that arrangem ent. Here, for instance, is a  bright flame of gas. Supposin g I add s o much ai r t o t he flame as to cause it all to burn before those particles are set free, I shall not have this brightness; and I
 can do that in this way:--If I place over the jet this wire-gauz e cap, as you see, and then light the gas over it,  it burns with a  non-lumi n ous flam e,  owing to  its  having plenty  of a ir mixed with it before it burns; and if I raise the gauze, you see it does not burn below[10]. There is ple
nty of carbon in the gas; but, because the atmosphere can g et to it, and  mix with it bef ore it burns, you see h ow pale and blue t he  flame is. And if I blow upon a  bri ght gas-flam e, so as  to consume all this carbon before it gets heated to the glowing point, it will also burn blue: [The Lectu
rer illustrated his remarks by blowing on the gas-light.] The only reaso n why I have no t the same bright light  when I thus blow  upon th e flame is, that the ca rbon meets  wit h su f ficient air to burn it before it gets separated in the flame in a free state. The difference is solely due
 to the solid particles not being separated before the gas is b urnt. You o bserve that ther e are certain products as the result of th e combu stion of a candle, and t hat o f the s e p roducts one portion may be considered as charcoal, or soot; that charcoal, when afterwards burnt
, produces some other product; and it concerns us very muc h now to ascertain what that other product is. We shewed that something wa s going awa y; and I  want yo u no w  to understand how much is going up into the air; and for that purpose we will have combustion o
n a little larger scale. From that candle ascends heated air, a nd two or three experimen ts will shew you the as cending current;  but, in or der to give you  a notion of th e quant i ty of matter which ascends in this way, I will make an experiment by which I shall try to imprison som
e of the products of this combustion. For this purpose I have  here wha t boys call a fire -balloon. I use this fire -balloon merely as a sort of measure of the result  of t he com b u stion we are considering; and I am about to make a flame in such an easy and simple manner as shal
l best serve my present purpose. This plate shall be the "cup, " we will s o say, of the can dle; this spirit shall be  our fuel; and I a m about to  place this chimney over it , because  it is better for me to do so than to let things proceed at random. [Illustration: Fig. 10.] Mr. Anderson will
 now light the fuel, and here at the top we shall get the results  of the c ombustion. Wh at we get at the top of that tube is exac tly the sa me, genera lly speaking, as you g et from the combustion of a candle; but we do not get a luminous flame here, because we use a substance which is feeb
le in carbon. I am about to put this balloon--not into action, be cause tha t is not my obje ct--but to shew you the  effect which res ults from the action of those products wh ic h a rise from the candle, as they arise here from the furnace. [The balloon was held over the chimney, when it imme
diately commenced to fill.] You see how it is disposed to ascen d; but we  m us t not le t it up, because it might  come in contact with thos e upper gas-ligh ts, and  tha t wou ld be very inconvenient. [The upper gas-lights were turned out, at the request of the Lecturer, and the ballo
on was allowed to ascend.] Does not that shew you what a lar ge bulk of mat ter is being evolved? Now, the re is going through this tu be [placing a large glass tub e over a ca ndle] all th e products of that candle, and you will presently see that the tube will become quite opaque. Suppose I ta
ke another candle, and place it under a jar, and then put a lig ht on the ot her s ide , just to shew you what i s going on. You see that th e sides of th e jar become  cl oudy, and the light  begins to burn feebly. It is the products, you see, which make the light so dim, and this is the same thin
g which makes the sides of the jar so opaque. If you go ho me and ta ke  a spo on t hat has been in the cold ai r, and hold it ov er a ca ndle--not so as to soot it--you will find that i t b ecome s dim, just as that jar is dim. If you can get a silver dish, or something of that kind, you will make the exp
eriment still better. And now, just to carry your thoughts  forward  to the tim e we shall next meet, let me tel l you that it is w ater which  causes the dimness; and when we nex t mee t. I  will shew you that we can make it, without difficulty, assume the form of a liquid. LECTURE III. PRODUC
TS: WATER FROM THE COMBUSTION--NATURE OF WA TER--A COMPOUND--HYDROGEN. I dare say you will remember t hat w hen we parted we had  just mentioned the w ord  "prod ucts" from the candle. For when a candle burns we found we were able, by nice adjustment, to get vario
us products from it. There was one substance which wa s no t obtained when the candle was burning proper ly, which was  charcoal or smoke; and there  was some other subs ta nce that went upwards from the flame which did not appear as smoke, but took some other form, and ma
de part of that general current which, ascending from th e can dle  upwards, becomes invisible, and escapes. Th ere were also other products to men tion. You rem embe r that in that rising current having its origin at the candle, we found that one part was condensable against 
a cold spoon, or against a clean plate, or any other cold thing, an d another part was incondensable. We will first take the condensable part, and ex ami n e it; and, strange to say , we find that that part of the product is just water--nothing but water. On the last occasion I spoke of it incid
entally, merely saying that water was produced among th e co n densable products of the candle; but to-da y I wish to draw your att ention t o wat er, that we may examine  it carefully, especially in relation to this subject, and also with respect to its general existence on the surface 
of the globe. Now, having previously arranged an experim e nt for  the purpose of condensing water from th e products of t he candl e, my  next p oint will b e to shew yo u this water; and perhaps one of the best means that I can adopt for shewing its presence to so many at once, is to 
exhibit a very visible action of water, and then to apply that  test to  what is collected as a drop at the bottom  of that vessel.  I have h ere a  chemical substance, dis cove re d by Sir Humphrey Davy, which has a very energetic action upon water, which I shall use as a test of the presence of 
water. If I take a little piece of it--it is called potassium, as c oming from potash,--if I take a little piece of it, a nd thr ow it int o that bas in , yo u see how i t she ws the presence of water by lighting up and floating about, burning with a violent flame. I am now going to take awa
y the candle which has been burning beneath the vessel co nt aining ice and salt, and you see a drop of wate r--a c ondens ed product of t he candle--hanging from u nder the surface of the dish. [Illustration: Fig. 11.] I will shew you that potassium has the same action upon it as up
on the water in that basin in the experiment we have just tri ed. See, it takes fire, and burns in just the same mann er.  I will t ake another drop upon this glass slab, and whe n I put the potassium on to it, you see at once, from its taking fire, that there is water present. Now, that water was 
produced by the candle. In the same manner, if I put this sp irit-lamp under that jar, you will soon see the latter  b ec ome da mp, from the dew which is deposited up o n it--that dew being the result of combustion; and I have no doubt you will shortly see by the drops of water which f
all upon the paper below, that there is a good deal of water produced  from the combustion of the lamp. I will let it remain, and  you can afterwards see ho w much wat er  has been collected. So, if I take a gas-lamp, and put any cooling arrangement over it, I shall get water--water being li
kewise produced from the combustion of gas. Here, in this b ottle, is a  quantity of water--perfectly pure, distilled water, produc ed from the combustion of a gas-lamp--in  no point different from the water that you distil from the river, or ocean, or spring, but exactly the same thing. Wate
r is one individual thing--it never changes. We can add to it  by caref ul adjustment, for a little while, or we can take it apart, a nd get other things from i t; b ut water, as water, remains always the same, either in a solid, liquid, or fluid state. Here, again [holding another bottle], 
is some water produced by the combustion of an oil-lamp. A pint of oil, when burnt fairly and properly, produc es rather mo re than a pint of water. Here, again, is some water, pr oduced by a rather long experiment from a wax candle. And so we can go on with almost all combustible substance
s, and find that if they burn with a flame, as a candle, they p roduce water. You may make these experiments  y ourselves. The head of a poker is a very good thin g  t o  try with, and if it remains cold long enough over the candle, you may get water condensed in drops on it; or a spoon 
or ladle, or anything else may be used, provided it be clean , and can  carry off the heat, and so condense the  water. And  now--to go into the history o f this wonderful pr o du ction of water from combustibles, and by combustion--I must first of all tell you that this water may exist in different 
conditions; and although you may now be acquainted with  all its fo rms, they still require us to give a little a ttention to th em for the present, so that we may perceive how th e water, whilst it goes through its Protean changes, is entirely and absolutely the same thing, whether it is produced fr
om a candle, by combustion, or from the rivers or ocean. F irst of all , water, when at the coldest, is ice. No w, we philosoph ers---I hope that I may class you and myself tog ether in this case--speak of water as water, whether it be in its solid, or liquid, or gaseous state,--we speak of it che
mically as water. Water is a thing compounded of two sub sta nces, on e of which we have derived from the candle, and the othe r we shall find elsewhere. Water may occur  as ice ; and you have had most excellent opportunities lately of seeing this. Ice changes back into water--for we had on ou
r last Sabbath a strong instance of this change, by the sad  c atastrop he which occurred in our own house, as well as in the ho uses of many of our friends,--ice ch an g es back into water when the temperature is raised: water also changes into steam when it is warmed enough. The w
ater which we have here before us is in its dense st s tate[11] , and although it changes in weigh t, in condition, in for m, and in many other qualities, it stil l is water ; and whether we alter it into ice by cooling, or whether we change it into steam by heat, it increases in volume,--in t
he one case very strangely and powerfully, and  in the other ca se very largely and wonderfully. For insta nc e, I will now take th is tin cylinder, and pour a little water into it; and seeing how much water I pour in, you may easily estimate for yourselves how high it will rise in the ve
ssel: it will cover the bottom about two inches. I am now abo ut to co nvert the water into steam, for the  p urpose of shew ing to you the different volumes which  water occup ies in its different states of water and steam. Let us now take the case of water changing into ice: we can effect th
at by cooling it in a mixture of salt and pounde d ice[12]; and  I shall do so to shew you the expansion of  water in to  a thing of larger bulk when i t is so cha nged. These bottles [holding one] are made of strong cast iron, very strong and very thick--I suppose they are th
e third of an inch in thickness; they are very ca refully filled  w ith water , so as to exclude all air, and the n t h ey  are screwed down tight. We shall see that when w e  freeze the water in these iron vessels, they will not be able to hold the ice, and the expansion within them will b
reak them in pieces as these [pointing to some fragmen ts] are br oken, which have been bottles of e xac t l y the same kind. I am about to put these t wo b ottl es  i n to that mixture of ice and salt, for the purpose of shewing that when water becomes ice, it changes in volume i
n this extraordinary way. In the mean time look at the c hange w hich has taken place in the water t o wh ich we have applied heat--it is losing  its fluid state . You may tell this by two or three circumstances. I have covered the mouth of this glass flask, in which water is b
oiling, with a watch-glass. Do you see what hap pe ns ? It rattl es away like a valve chattering, bec au se  the steam rising from the boiling water sends the  v alve up a nd down, and forces itself out, and so makes it clatter. You can very easily perceive that the flask is quite ful


