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PREFACE TO THE FIRST SERIES.

*

{HE courses of Evening ‘‘Science Lectures for the Pe_ople,” of which the
yerbatim reports appear in this little” volume, were undertaken with the view
of ascertaining whether the working men of Manchester appreciate the value
" [ science instruction given in a plain but scientific form, and illustrated by
4 tperiments and diagrams adapted o large audiences. The movement has,
toved highly successful. Upwards of four thousand persons ha;re attended
" ie thirteen lectures delivered during the past winter. The class of persons
Tresent was chiefly that for whom the lectures were designed, .nd the marked
pttention and interest invariab: > shown by .e audiences showed how keenlv

lpcy appreciated the value of the information imparted by the lectures.

“. 'The subjects of the courses were as follows :—
‘} I.—Four Lectures on ELEMENTARY CHF “'STRY. By Professor
[ Roscoe, F.R.S.

"1.—Four Lectures on ELEMENTARY ZooLoGY, By Dr. T. Alcock.
TIT.—One Lecture on CoAL. By Professor W. Stanley Jevons.
1V.—Four Lectures on ELEMENTARY Puyvsiorogy, By Dr, John

s Edward Morgan.
s Th; entrance charge of One Penny per lecture defrayed but a very small

sart of the heavy expénses of advertising, &c. The Yemainder has been kind] y

me by several gentlemen interested in the schéme. The thanks of the

cturers are especially due to Mr, Pitman for hi? very accurate reports of.
¢

ir words.
if‘ ) II. E. R,
| Manchester, February, 1867.
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PREFACE TO THE SECOND SERIES.

I aMm glad to be able to say that the Second Series of Science Lecturer h 7
proved even more successful than the first ; again showing that the people of
Manchester value the opportunity of hearing the ewplanation gf scientiﬁc'
tru 1s from the lips of those who hav.e made the extethsion of natural knowledge
their ‘hief occupation in life. The names of the lecturers will be a sufficient
guarantee of the scientific spirit witl.\ which each %bject is treated, whilst the
eagerness with which the lectures have been attended proves ghat they wete
not pitched above the comprehension of those for whom they were specially
designed. No fewer than 9,000 persons have attended the nine lectures given
this winter, whilst the publiﬁQi-on of the actual wqrds of th.e lecturer for one
penny has brought the subjects home to a much wider circle. The publifier
informs me that editions of 10,000 of each of three of the lectures, and of
from 5,000 to 8,000 of each of the others are :.xlxjendy nearly sold out, whilst
the demand for scientific literature of the kind is ¥ largely increasing that a

second reprint of the first series of lectures has been called for.

It is to be hoped that this example of Manchester may be followed by other
large towns, for surely nothing can at the present time be more important than
to infwse into the minds of the people an idea of that scientific truth which is
rapidly being recognised as not only lying at the foundation of our material

welfare, but also of our social an.d moral well-being,

To the various eminent men who delivered the lectures in this series, but
especially to Mr. T. J. P. Joddrell, who generously defrayed the heafy expenses
connected with these penny lectures, the thanks of the people of Manchester

are due,
H. E ROSCOE,

Marek, 1871.
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FOUR LECTURES 3

ELEMENTARY CHEMISTRY.

LECTURE 1.

INDESTRUCTIBILITY OF MATTER AND OF ENERGY.
L]

IMPORTANCE of the sprexd;‘)f scientific knowlgdge amt.mgst the people.
Explanation of what happehs when a candle burns—The matter ofghe
candle is not lost or destroyed but exists in a different form. An
examination of all chcmical changes has shown that matter is inde-
struct:ible. Value and usc of the Chemicalgbalance to detcrmine the
first great principle of modern science, that®matter can neither be
created nor destroyed. Sccond great principle of the indestructibility
of force or energy only lately become known—In mechanics nothing
can be done without an equivalent of labour or work—Wheel and
Axle—Measure of mechanical force is the weight mualtiplied into
the space through which it falls—Meaning of foot-pound—Impossibility
of “ perpetual motion.” In the steam-engine the heat from the coals is
used to do the work—Heat only a form of motion—When motion is
stopped heat is given out ; txperiments to show this. Water boiled
by friction. A fixed and definite quantityof heat can be got from a
given amount of mechanical force, and vice v{érsé.——The exact Meckanical
equivalent of heat was determined experimentally by Dr. Joule, of
Manchester (1843-49)—He showed (1) thatethe quantity of heat
obtained by any mechanical action is directly proportional to the
amount of mechanical force expended (2)that by the fall of 772 lbs.
through a space of one foot heat is always generated sufficient to raise
the temperature of 1 1b. of water 1 degree Fahrenheit,



10
"%SCOE on commg forward was much applauded.
¢4 Bis lecture in his happiest style, and made each
._iﬂl‘lstra.tlve expenment clear to every person present.
peiwill necessarily lose some of its force and freshness
inﬁo matter-of-fact type, but we will endeavour to pre-
e , as well as the simple language judiciously employed
X i:hcm uemphﬁcatxon

Mr. Chairman, my friends—(began the Professor)——Encouraged
by the success of the experiment which was tried last spring—
with the endeavour of xmpartlng to you some portion of know-
ledge of sgience, and arousing some interest in scientific facts and
teasonings, I have come again this autumn in the hope that we
may have as successfel a series of meetings as we had in the
pPrevious spring. I have been assisted most kmd]y by Dr. Alcock

nd Dr. Morgan who have volunteered courses on Natural History
and on Physiology. These lectures will be given at a later period.

Although it may be nccessary in Manchester to speak of the
rdvantage of stientific reasoning, of the impdrtance of scientific
inyestigation, yet on the results of sciende it is almost needless
fof me to dwell. Let us only look at one of the real wonders of
the world lately accomplished—the . Atlantic Telegraph. How
important for all of us, for every man and woman in Kngland, to
really unddestand something about the principles by means of
which we are able tn talk with our friends in New York! I
might turn to a thousand other important applications of know-
ledge in the present day, in which you would find the same interest
and the ame necessity for a knowledge of the principles of science.
And these principles are not so abstruse or so difficult but that
they may be mastered by all who have the will to do it.

I wish to remark with regard to these lectures to begin with—
that they are not intended to impart to you a full knowle«fge, or
anything like a full knowledge, of the subjects with wiich we deal.
I come here to bring betore you some facts in elementary chemistry,
and it is mainly for the purpose of interesting you in the subject -
that I thus come forward. It is not with the view of your learning
so manysthings in the actual lectures which you may attend here,
but with the view of your gaining interest enough in scientific
matters to induce you to start and learn for yourselves, or to
attend some class or other means of instruction .by which you
may work at the subject. Last spring, I am happy to say, a class
was formed at the close of the lectures, for the study of chemistry,
and ugwards of fifty men attended that class, and a very successful
class i was. The same thing will be tried this winter; so that
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those of you who wish to attend a class will be able to do se.
The class will meet in the adjoining room of this Hall, on Monday
evenings at eight o’clock, and the terms will be two shillings and
sixpence for a course of thirteen lessons, extending over a quarter .

of a year. I think there is little doubt that we shall be able to *

arrange for classes on other subjects should they be required.

I shall endeavour in what I have chosen for my subject to-night
to'be as plain as possible. The subject is not an easy or a familiar
one, but one which may be undegstood if you wifl give m&—as 1
am sure you will—your best attention. .

I have undertaken to bring before you this evening, two of the
most important general principles which lie at the bottom of all
science. The first of these great laws is, thgt in all the changes
which we see going on around us) and in all the changes yhich we

can produce upon the materials of the earth which we see, feel,

and handle, we cannot, whatever we do, either destroy or create
matter; that material substances can only be changed in their
properties, that they cannot be destroyed, that, in dther words,
matler is indestructible. ‘TINg is the first great principle of modern
science, and it is this which I wish first to make plain to you by
explanation and experiment.
Let us ask ourselves in the first place what happens when a
andle burns. Here we have a candle burging. 1f I allow that
candle to burn for a few minutes it will burn dewn to my fingers,
and the candle as such will have disappeared. Persons who are
unacquainted with the great principle of the indestructibility of
'matter might say that here there was an evidept loss of matter, for
"the candle does not exist any more. That this is not the case I
am going to show you, for when the candle burns the matter of
the candle is not lost, but it only undcrgoes a change in appear-
“nce, and the matter of the candle exists in this room just as much
“as it did before it was burnt. To prove this, § am going to burn
this candle in this glass globe, into which I will first pour a little
clear lime-water, wltich will renfain clear until'after the burning of
the candle in the globe, when it becomes milky and turbid, show-
Ing that there is something in the air of the globe after buening.
the candle which was not there before. The candle will soon go
out; but I will remove it before that occurs, in order not to have
‘any smoke. ‘The matter in this globe which was not there before
{the candle was burnt in it is the matter of which the candle was
rcomposed, and which, though it has disappeared from our sight
exists in reality as much as it did before.
I can show you further a striking fact—namely, that if I collect
\all that which is foried by the burning of the candle, as I will
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do for you, I shall be able to show that it actually weighs more
than the candle did to begin with, for this simple reason, that in
burning the candle we have obtained a chemical union of the com-
soonent parts of the candle, with a substance contained in the air
called oxygen. 1 can show you this by actually collecting the
things formed when the candle Burns, which made the lime-water
milky, and which we call carbonic acid and water. This life-
sustaining substance, called oxygen, exists in the air all around us,
and we' cannot five or breathe aithout it ; and it is this oxygen
uniting with the burning candle that forms carbonic acid and
water.

[Dr. Roscoe burnt a small candle in a glass tube, for the pur-
pose of illustrating this fact. The apparatus was suspended on a

-beam, which was in a state of eqiipoise before the ignition of the
. candle. As the candle burnt, the flame passed through a tube

containing soda, which has the powecr of taking up the carbonic
acid and water. To make the candle burn, air had to be sucked
through the “tube, which was done by means of a vessel of water
at the back of theeapparatus. At ths close of the experiment,
owhen the candle was consumed, that end of the beam was con-
siderably heavier than before, and thus the fact was made plainly
visibl

Thus, you see, that really the candle after burning is heavier
than before, that ir to say, the materials weigh more, proving that
there is no such thing as a loss of matter; neither can there be a
gain of matter, for that is equally impossible ; but we have an in-
crease of weight, which is altogether due to the union of the com-
ponent parts of the candle with the oxygen of the air, without
which no candle can burn.

I may show you in another way, that when a body burns it
is not lost. Here, for instance, is some of that most ‘beautiful
metal called magnesium. If I set fire to it, it will burn with a
brilliant light, but here you see a white solid, magnesia, is pro-
duced by the union of metal with oxygen. This substance .is
formed by the union of the magnesium with the oxygen of-the air,
and there is no loss of matter when it is burnt.

Take this fact away with you, and try to master it, that there is
no such thing in nature as a loss of matter.

I will show two other rather striking examples to prove the same
thing. In:the first place, I will show the combustion of a sub-
stance called phosphorus. The result is that a white body is pro-
duced, something like the result of the combustion of magnesium,
the result of a chemical union of phosphorus with the oxygen. If

.“we were to weigh this phosphorus and the oxygen, we should find
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that these white fumes weighed exactly as much as the substances
did before they were burnt.

I will show this in one more instance. You may think that if
we exploded some gunpowder, that there, at any rate, we seem to
have a loss of matter. The powder flashes away, and we see
nothing remaining excepting a small quantity of smoke, Now, I
will explode some powder here, and show that there is really some
thing formed which was not there before, and that there has been
no loss of matter. [The expcriment resembled that with thescandle
and the lime-watcr. *

Now it is not by merely observing facts of this kind that the che
mist has come to this conclusion ; it is by making a great number of
most accurate experiments, by means of what is termed a Chemical
Balance, and by actually weighintg everythin® Whenever a chemical
change occurs. In this way he has found that there i®no such
thing as a loss of matter, but that matter is indesi~uctible. This has
not been known for any great length of time. If you were to have
asked anybody onc tundred years ago, what becamg of a capdle
when it was burnt, no mag living could havye told you. It was
thought that the candle wa} destroyed and lost. The man wh
first proved the indestructibility of matter by experiment and by
using a balance was a Frenchman, named Lavoisier. I will now
show you his picture in vrder that you may remember his name,
and I will also show you a picture of the clfemical balance, which
is notLing but an accurate pair of scales, which%eigh so accurately
that a speck of dust is sufficient to turn the scale, and we there-
fore take care to shut it up inside a glass case. Thisis one of the
most important instruments which the chemist has to use, and it is
by the means of it that we have ascertained the truth of this great
principle. Lavoisier, whose picture you now see, had an unfortu-
nate end. He was guillotined at the time of the French revolution;
some say because he was a scientific man, and others because he

“formerly had held the office of Farmer-genegal under the king.
- We next pass on to the secend part of our subject which is more
difficult, but which I neverth=less hope to make plain to you. It
i5 the second great prirciple in science, only ascertained within
tle last few years, namely, that just as matfer is indestructible, so
energy or force is indestructible. This requires a great deal of
thinking about, and I want to try and make it plain by experiment
as well as explanation. If I raise my hand and hit a man so as to
knock him down, you would say there was a distinct creation of
force. This is, however, not the case. This is no more a creation
of force than there is a creation of matter when a plant grows.
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You will perhaps not fully understand this at first, and in order to
make the subject plain, I must begin at the beginning, so that we
must first turn our attention to mechanical matters to see how we
gain energy or force in mechanics. You will all admit, especially
those who are of a mechanical turn, that in order to effect any
work we must expend a certain amount of force. We cannot get
force out of nothing. For instance, let us take the common
mechanical powers. You will perhaps say that by the aid of a
lever yeu can lift a ton by the action of your muscles, by which
dircctly and unaided you would not be able to lift more than
100lbs., and in this way you may think there is a direct creation
of force. This is however not the case, and I will endeavour to
explain it. Supposipg we take a wheel and axle, which is one of
the common forms of the mechanical powers. You know that by
this arrafgement we can raise a large weight by means of a small
one; that is, one pound on the wheel will lift for instance twelve
pounds on the axle. You will see that we clevate twelve pounds
witheone pownd, but you will at once observé that in order to raise
the twelve pounds one inch, I must mgge the small weight twelve
dnches; so that in reality we do not gaiz any force by using such
a machine, because in order to raise the twelve pound weight
through one inch we have to raise the one pound weight through
twelvelinches. And thus we come to get a mcasure of mechani-
cal force—namely, tHe weight raised multiplied by the space
through which it is raised, and if we do this in the example in
question we find that in both cases we get the same result, namely
twelve, This product of the weight raised into the distance
through which it is raised is called the “labouring force.” Hence
we see that by no mechanical arrangement car we gain force ;
what we gain in one way we must expend in some other way; and
what we expend we shall in some other way gain. Otherwise it
would be possible to obtain force out of nothing, to get what is
termed “ perpetual motion,” a thing that will go without any ex-*
penditure of force, an idea whiche has long been given up as
ludicrous. For years people have known that it is impossible by
any mgre mechanical means to get force without a corresponding
expenditure of labour. In all the various machines you use, it ds
only a transference of force. Hundreds of examples will suggest
themselves, particularly to those who are accustomed to work with
machinery.

.. Let us now Yook at the case of “the steam engine. How is its

‘fagce generated¥ ' The piston is driven backwards and forwards in
Alie.cylinder by the steam, and after each stroke of the piston the
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steam ¥ condensed and returned again to the boiler. Very well,
here we have got the water back into the boiler after the per.
formance of a certain amount of labour by the piston, which seems
to have done its work without having expended anything. What
is it that is expended, and does the work in the steam-engine
Most of you will be able to answer this question. Itis the /e
which is expended, the heat which is derived from the coals under
the boiler, that gives us the force; and you know that without
continually shovelling in the coals your engine will very soon stop.
Now, let us look at this qucséion of heat a little more closely.
What is heat? This is a point to which I wish you to pay especial
attention. I want to show you that heat is nothing more than
another form of motion, that heat is, in fact, the motion of the
small pieces of which matter i§ made up; emd I want you to un-
derstand that in order to get a certain amount of mechagical force,’
we must use a certain amount of heat. The more heat, the more,
mechanical force. If you have a steam-engine with only a small
fire you will only ggt the steam up to perhaps a seven pounds’
pressure ; if you have a large firc you may get it up %o fourteen or
a hundred pounds, and yen will work your engine proportionately
quicker, the more heat you have. Heat, I say, is only a mode &
motion. We can transfer heat into motion, as shown in the steam-
engine. What is the railway train rushing along from Manchester
to London but the heat of the coals trangformed into the motion
of the train, taking you to London in four-and-a-half hours. Itis
almost useless for me to show you an engine working. Anybody
who lives in Manchester cannot help seeing engines working, and
therefore they cannot help knowing that an engine is nothéng but
a machine for the conversion of heat into mechanical motion. I
will show you a little toy which we have rigged up just to indicate
this. Here we have the heat of two spirit latps for heating the water
in a flask which is our boiler. This is the oldest form of steam-
engine, and as you see it spinning round y@u will remember that it
is called Hero’s engine, from the name of g philosopher who lived
inAlexandria, I don’t know ho many years ago. Here, then, we have
another illustration in proof of the fact that heat can be converted
into motion, proving to you at the same titne that the commonest
things of life may teach us important lessons. Nothing is unim-
portant in science, and the most childish thig 2 has often taught a
lesson to the greatest philosopher.

Next let us take the proposition the other way about, and con-
sider how we can convert motion into heat. You will all of you
think of something by which motion is converted into heat. We
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will adopt a very childish experiment which, I dare say, many

" schoolboys have tried—namely, rubbing a button on a form. If
you do that, what happens? Why, it gets hot, and if I apply it to
a bit of phosphorus, you perceive it sets it at once on fire.

Let me take one other example. I suppose you have all heard
.of the feat which I believe shows whether a man is a good black-
smith or not, that is hammering a piece of cold iron until it
becomes red hot. I believe it can be done, I am not going to
do it now, for I am not a good blacksmith, nor have I a hammer
heavy enough, but I will hammera piece of iron until it is so hot
that it will ignite a piece of phosphorus. There you see the
phosphorus burns, and here we have another illustration of the
conversion of mechanical force into heat.

Again; wherever eve stop mechanical motion, we always get
‘heat. What do we see on the railway train ? Why, a man carry-
.ing a box of grease to grease the wheels. What for? Because we

want to get to London in four-and-a-half hours, and don’t want
the heat of the coals to come out again in the axles. We want
the heat of tlfe coals converted into motion, not into heat. If we
gtop that mechanic#l motion by puttyg on the breaks, we get
Pieat evolved and often smoke and fire. I dare say you have all
heard of the firing experiments at Shoeburyness, where they fire
6oo-pgnnders at great armour targets, costing, I don’t know how

“much, and for which we shall have to pay; and if it teaches us
something, perhaps ¢he money will be well spent.  One lcsson we
may learn from them is this, that the steel shot which is perfectly
cold when flying through ghe air, gets burning hot by striking the
target.® Sir William Fairbairn tells us that he has actually seen a
flash, owing to the great heat evolved the moment that sudden
motion of the shot is stopped by striking the target.

I may show you a few more cases of turning motion into heat.
I have not the means of firing a six hundred pounder in this
room, nor would such an experiment be pleasant for you or myself.
I cannot therefore show you a red-hot shot, but 1 can exemplify
the result of a simple stoppage of rhotion. I have here an iron
ball, and I am going to make it strike, not against a target costing
thousatids of pounds, but simply against an iron weight, upon
which I have put some phosphorus, and the slight increase of
temperature from striking the weight is sufficient to ignite the
phosphorus. Whenever we clap or rub our hands, heat is evolved; .
and if I were to cover or rub my hands with phosphorus, every
g’;‘noé I clappéd my hands there would be an ignition of the phos-
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1 have two other illustrations of the conversion of motion into
heat. You all know I dare say of the old plan of getting a light in
those countries where lucifer matches are nnknown, namely, by
rubbing two sticks together. The Indians adopt this plan of con-
verting the mechanical motion of their hands into heat. I am not
going to set wood on fire, but I have here a common fiddle-bow,
and by working it forcibly between two pieces of wood, you see
that I get some smoke. It is rather hard work to convert the
mechanical motion of your arrg into heat. °

Somes years ago there lived a very intelligent man of the name
of Count Rumford, who was once busily employed in Munich, in
Bavaria, boring some cannon by means of horse-power, and he
found that the cannon got very hot. He put some water into the
cannon, and observed the temperature of it, and he desgribes very®
naively in his writings how the water got hotter and hotter, and
how at last, I think it was in 35 minutes, the water actually boiled §
and he was very mych astonished at the water boiling. He said,
where can the heat come from by means of whiclt the water is
made to boil? and he rightly concluded that it really was the
mechanical energy of the horse which was converted into hea.
That was some years ago. Now I can boil water for you here
instead of in 35 minutz, in 35 seconds, by simply converting the
mechanical force of a man’s arm into heaf I have the means of
turning round this tube quickly, and I put g thimbleful of water
in the tube. You will be able to see that the water boils, because
I will cork it up and make it blow the cork out. The motion has
to be very quick, and there you have water boiled by friction.

I have still one other experiment to show how heat may be got
from mechanical force. I have here a beautiful magneto-electric
machige, kindly lent to me by the inventor, Mr. Wilde, of Man-
chester, and by the action of my arm I shall be able to melt this

_piece of iron wire. . -

The question would naturzally arise, can we get from the motion
of my arm any amount of Beat, or do we always get the same
amount of heat? In other words, o we By the expenditure of a
given amount of mechanical force always get a given ameunt of
heat? Now this is a question that requires experiment for its
solution ; we must ask a question of Nature by experiment, and if
the question is rightly put, we need not fear but that the answer
will be true and exact. :

The experiments which decided this question are some of the
rinst important ever made in science, and that is saying 2 great
deal; and we in Manchester ought to be proud of the fact that

B
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these experiments were made by a Manchester man. The name
of Dr. Joule is far better known on the continent than it is in
Manchester, as very often happens, in accordance with the old
saying about prophets.* Dr. Joule set himself, so long ago as the
year 1843, to determine this question experimentally—to get to know
whether the hcat evolved is or is not a definite amount ; and if it
is, as we should probably expect it would be from the definite
character of the laws of nature, then how much heat can we get
from asgiven amount of mechanical force ; or, to put it the other
way, how much mechanical motidn do we need to expeng in order
to get a certain quantity of heat? Now this question is so
‘mportant that we cannot at first understand its importance. I
mean that it so implicates all modern science, because what is true

. of these two things 15 true of every other form of energy, whether it
be electficity or chemical action, or those actions known as vital.
Dr. Joule made a series of experiments cxtending over many
years, surrounded by such great difficulties as are only known to
those well acquainted with such investigations, and his name is
therefore connected with the indestructibility of energy, as that of
Lavoisier is with the indestructibility “of matter. What did Dr..
Joule do? He determined the amount of heat which was gained,
when a certain definite amount of mechanical motion was used.
Differ®nt persons would turn this handle at different speeds, and
we must therelore medsure it more accurately. This was done by
means of a weight falling. Our measure of labouring force is, as T
have said, a weight falling through a given space, multiplied by the
space, through which that weight has fallen. In this way Dr. Joule
determined how much heat is given off when a given amount of
mechanical force is expended. You will see a drawing below of
the apparatus he used. I will show it on the screen.

[Professor Roscoe described the apparatus, which would not be
readily understood without the aid of diagrams.]

Dr. Joule worked out the details of his experiments, though~
people did not understand what he«ws=s doing, and even now can
scarcely appreciate the value of his labours, and ascertained with
great gare this important fact—that the quantity of heat produced
by the friction of bodigs, whether solid or liquid, is proportional to
the force expended ; that is, if you rub anything twice as hard,
you get twice the heat. He thus determined this number, which

@ * The highest honour which the Royal Society can bestow has at length
. mwarded to Dr. Joule for these researches, e has received the Copley
for the year 1870 [H. E, R., Feb. 1871.]
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is called the mechanical equivalent of heat. '.I'his tells us that if a
weight of 7721bs. falls through a space of one foot, the amount ot
heat generated by that force is able to raise a pound of water
through one degree of Fahrenheit’s thermometer.

Let us then try to bear in mind these two ideas of the inde-
structibility of matter, and the indestructibility of force or energy,
associated with the names of Lavoisier and Joule. If we recollect
these two great principles of science, we shall geteon very well in
future. I will, in conclusion, illustrate the meaning and value of
this principle by the steam-engine and a pound of coal. Just as
we can determine what the amount of heat is which a certain
amount of mechanical force will generate, so we can calculate what
mechanical force can be generated by a cerefn amount of heat.
This we can do simply from these numbers of Dr. Jou#e. We
know the amount of heat evolved when this pound of coal bLurns.
If we then calculate how much mechanical force can be generated
by burning it, you wil} be perfectly astounderd at the result. Put
this pound of coal on the fire, and 1t will do a certain amount of
work, and a certain number of pounds of cofl will take you to
London. How much force do you think there is pent up in this
pound of coal? Let us look at it in this way. Supposing this
were a spring, and I let ic out at once, how high would it jump
up? Why, it would spring to the height of 2,00 miles | The heat
which is capable of being evolved by this amoust of coal burning
would raise a weight of 100 Ibs. twenty miles high. That is what
this pound of coal would do. R



ELEMENTARY CHEMISTRY.

LECTURE II.
¢ ¢
CHEMICAL COMBINATION.

ALL substances divided by the chemist into Elementary and
Compound., Elements cannot be decomposed. Compound consists
of two or more elemgnts. List of most important clements. WATER
isa compound of two gases, Oxygen and Hydrogen. If we throw a
piece of the metal Potassium into water, the water is decomposed ; the
Oxyg¥h combines with the Potassium, and the Hydrogen is set free,
and burns. Sixteen parts by weight of Oxygen unite with two parts by
weight of Hydrogeén to form eighteen parts of water. Oxygen is six-
teen times as heavy as Hydrogen : two volumes of Hydrogen combine
with®one volume of Oxygen to form two volumes of water-gas—
Symbol H,0. Oxygen and Hydrogen, mixed in the above propor-
tions, explode violently when a light is brought to them. The heat
evolved by these gases when they combine is enormous—shown by
Oxy-hydrogen Blowpipe. Iron burns in this flame like tinder—When
eight pounds of Oxygen combine with one pound of Hydrogen to fosm
nine pounds of water, so much heaf'is evolved that when it is turned
into mechanical action (see Lecture 1) it is able to raise twenty-cne
thousand tons one foot high. The same amount of force is needed to
be expended in order to decompose the water—Water decomposed by
the force ofvthe human arm, by electrical and by chemical forces.
Ice, water, and steam, or water-gas—Glaciers and Icebergs—Pure
gwater—Rain water—Spring Water—Impurities in water—Necessity of
“care in the choice of drinking-water—Cholera and impure ater—
Manchester Town’s water.
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At the conclusion of our last lecture, the Chairman told you a
story about Mr. Stephenson, to the effect that George Stephenson,
when looking at the flame of a candle, said, *that light and that
heat which the candle gives off are really the heat and light of the
sun, which shone ages ago.” Now that is true; but it is rather a
difficult thing to understand. It is rather difficult to understand
that we are here being illuminated by sun-light ; we usually call it
Manchester gas-light; but nevertheless it is sun-light and heat
that shone perhaps millions of years ago. I will tell you another
story of George Stephenson, which may help us to understaBd the
first one. George Stephenson and a friend were once looking
at a train which was rushing along ; the trains in those days were
not so common as they are now ; and George asked his friend
what he thought propelled or drgve the traim ®long. His fniend
answered, ¢ Probably the arm of some stalwart, northgcountry
driver.” “No,” said George, “ It is the heat and light of the sun
which shone millions of years ago, which has been bottled up in
the coal all this time, and is now driving that train.” What did he
mean? Can we get an idea whether that extraordinary statement
is true—that it is really the heat and light of the sun which is
driving the train? I want to try and make that plain to you.e
What is the coal that we put under the steam-engine? I described
to you last Wednesday the amount of heat and mechanical motion
which we get from a pound of coal. I told,you that a pound of
coal, if we could convert the whole of the heat avhich it is capable
of producing into mechanical power, would jump up two thousand
miles high. Now where did that coal come from? What has that
coal been? These are questions which we all may ask ourselves.
The coal really was at one time a living plant; the coal, or the -
constituents of the coal, composed a living plant that grew in the
bright sfin-shine on the surface of this earth, not buried as it is
now, below a thousand feet of rock, but living in and enjoying the

“bright sunshine, as the trees now-a-days do when the sun shines
here. Well, how did these cqal plants grow? They grew, as all
plants only can grow, by the san-shine, If we take away the sun-
shine, plants cannot flourish. You cannot grow plants in a cellar,
because there is no sunshine. Put plants in a window, and see
how they creep up to the light; that is because the light is abso- -
lutely necessary for their growth; they cannot, grow without the
sun-light. So our coal plants could not grow without the sun-light.
Remember it is the sun-light which enables it to take its food,
namely, the carbon, from the air by decomposing the carbonic acid
which the air contains. This it can only do by the help of the
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sunlight. Now a certain definite amount of light and heat
must shine upon the plant before it can gain one pound in
weight ; before one pound of the stem, or leaf, or branch of that
plant can be formed. A certain definite amount of force, as light
and heat, must shine upon the plant, and be used up in decomposing
the carbonic acid of the air.  What happens if we burn a plant
Why that definite amount of force as light and heat comes out
again, and we get absolutely the same amount of heat out of a
piece of coal when burnt as was necessarily used up years ago in
order that that coal should be formed. Now I hope that you are
able to get some idea of the truth of that statement of George
Stephenson’s, that the light and the heat of the sun which shone so
many years ago, and was used up in the growth of the plant has
lain hidden in the ¢al until it is purnt, when it again comes out
and is rendered visible. It does not matter whether we burn the
coal or the candle or the gas, for they are all the same thing—all
were produced by the heat and light of the sun, and now when
they return to their original formn of carbonie acid, they give out
exactly the same amount of force as light and heat as was originally
meeded to make the.

Let us now ask ourselves, “ How do we live, each one of us,
on this earth?” What is it that keeps us alive? Certainly, it is
the fo®d we eat. We, like the steam-engine, need fuel, though
not coal, to be poureds into us, in order that we may be able tc
live and act and meve, to use our muscles and effect mechanical
work. We must eat, and it is by the burning of this food in our
bodies that we are enabled to exert mechanical force You may
say, “It is a curious thing if we men are like candles, that
we are actually undergoing combustion, that we are actually
burning.” Yet, nevertheless, such is the fact. I showed you in
the former lecture what happened when a candle was burnt; 1
showed you that carbonic acid was formed, as was shown by the
lime-water becoming milky ; and now, if I show you the burning
of a bit of charcoal in oxygen, you will see that the same thing
goes on as when the candle.was burnt. [Professor Roscoe set fire
to a bit of charcoal in a glass globe filled with oxygen, and the
result Was a sparkling and very pretty example of combustion.]
The same kind of action, as far as the chemistry of it is concerned,
goes on ingide our hodies. You may say, “ We don’t burn.” It i
true you do not see the same sparkling, but every person is hotter
than the surrounding atmosphere, and the action which goes on is
¢ the same kind; 1t is a combination of the carbon of the food
in .the body with the oxygen of the air, when carbonic acid is
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formed, part of which in man and animals is converted into heat,
and part into mechanical motion.  Part of the dinner which I ate
not very long ago is now being converted into muscular force,
enabling me to talk to you in this large room ; and therefore I am
here actually converting heat into mechanical action, just exactly
as the steam-engine does when it takes you to London. Every
animal really acts in a similar manner to a steam-engine, but man
is a much more perfect instrument than the steam-engine, and a
man can get more mechanical force out of himse¥f for thesamount
of food he consumes, and the®amount of heat evolved by the
consumption of that food than is possible in the case of the steam-
engine. That I am really producing the same substance produced
here by the burning of the charcoal, I can easily show you by a
simple experiment. If I take shis clear linfe-water and blow into »
it, you will see it becomes milky. [Experiment.] Vé&y well, I
have blown enough air into the lime-water from my lungs to showe
that it is quite white. So that rcally an animal does the same
thing as a machine, %t coaverts heat into mechanical action.

You will now ask, I expect—‘ Whence do,we derive this source
of power?” We derive it immediately from our food. If w,
were not to eat we should not be able to effect this mechanica
action ; we should starve, become cold, and die. But let us ask
ourselves, “Where does this store of energy in our food come
from?” It comes ultimately from the sun® because we eat either
animal food or vegetable food ; we derive frof\ that food the force
which we need, and that food derives its pent-up energy from the
sun, because no animals can live without vegetables; and jin the
second place, because no vegetables can live without the sun. It'
is the sun-light which keeps the vegetables alive, and it is by the
destruction of vegetables that animals live. This is a subject
which fequires a great deal of thought, and probably more explana-
tion than I can possibly give this evening. It is a matter which I
might talk about through all the four lectufes, instead of a part of
one lecture, and very likely with a great deal of profit, but I
could not help reverting, however brietly, to this subject, because
it follows from what we said last time. So much then for the
source of energy in animals and plants. Remember we are all
children of the sun. If the sun had never shone, we, as we are
now, could never have lived. (Applause.) o

I am now going to tell you what chemistry teaches us about one
of the commonest substances in nature, namely water. The object
of the chemist is to find out all the properties of the substances
he can get hold of : it does not matter whether the substance falls
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down as a meteorite, perhaps from the moon, or whether that sub-
stance is got from the deepest mine; wherever got, the chemist’s
business is to examine it by experiment, Now in examining sub-
stances a chemist has to divide them into two classes—thgse from
which he has been unable to get anything else, and those out of
which he can get something else. These two classes of substances
have been called by the chemist Elementary or simple substances,
and Compound substances.

Here you see arlist of a few of the most important elemenis—

L]

(NON-METALS.)

(METALS.)

Oxygen Lead
Hydrogen Copper
Nitrogen Iron
Carbon o « Aluminium
Sileon f Arseniic Calcium
Chlorine Magnesium
Sulphur Potassium
Phosphorus, «Sodium

Now water was long suppbsed to be an elementary substance;
nobody thought that out of water they could get anything else but
water ; and in fact it was called one of the four elements. Fire,
earth, a'ﬁ, and water were supposed to be the four elements by the
ancient§® That idea, however, has been entirely upset by chemists,
who investigated this mutter in an exact manner, and they found
that water is really nbt an element, but is composed of two sub-
stances, which we term “ gases,” two suhstances like the air which
surrounds us—invisible, colourless gases.

Let us begin at the beginning. Here I have got ¢ small piece
of metal termed potassium. Now this metal potassium will help
us to answer the question—of what is water composed? If I
throw a little bit of this metal into this basinful of water, you will
see at once that a change takes place ; that is to say, the metal
swims about on the water, for it is lighter than water, and we have
at once a flame, in fact, we can set the water on fire! Now what
is it that goes on here? It is a very strange thing that throwing
this on the water should produce this flame, and that the metal
should 4wim about in this way. What is it that happens? I will
tell you first what happens, and then I will prove to you that. it is
so. The water has heen decomposed or split up into its two con-
stituent parts, into the substances which on the gne hand we call
Oxygen—about which we had to talk a good aeai last time—and
inte another substance which we call Hydrogen. Itis this hydrogen
ahd; oxygen which, chemically combined, form water. Now
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hydrogen is what you see burning; that flame which you see
on the top of the water is due to this hydrogen, whilst the other
component part of the water has united chemically with that metal to
form a substance called * potash,” whichis a compound of oxygen
with that metal potassium. I will show you that that is the case;
and I will do it in a different way. I shall be able, I think, here to
collect some of this hydrogen. Instead of allowing it to burn, I
will catch it in a glass tube. You will then be able to see what sort
of a thing this hydrogen is. I am going to plunge this metad under
the water, and then we shall be %ble to catch the hydrogen. It
cannot burn now, when I catch it in the tube, because it only
takes fire when it comes into contact with the air. 'We have got
Lalf a tube full ; that will be enough. We will now take it out,
and we shall see that it is a gasethat will blirn when we bring a
light to it. [The gas ignited, and burnt with a yello® flame.]
Thay gas, then, is one of the component parts of water, and is
calicd hydrogen gas.
We can in many ofher ‘vays split up water ; we can split it up,
for instance, by electricity. I have got here jan electric battery,
and 1 can by means of the current of electricity split up this water$
I have here two little tubes, and I have coloured the water blue
in order that you may sce it better. I am now going to pass a
current of electricity through the water—the same kind of current
exactly as that by which we send messages b‘y the electric tele-
graph to our friends in New York. You will®see that I can in
this way collect the gases in these two tubes—in one I collect the
hydrogen and in the other the oxygen. The electricity, as if were,
tears asunder the particles of water into these two substances of
which it is composed. The moment I join the wires and make
the connection, that moment the bubbles of gas begin to rise.
You se¢ how beautifully we can show in this way the compound
nature of water; how we can, as it were, boil it, and resolve it
"it into its component parts. It requires a gréat deal of force to do
this; we cannot do it by museuiar force alone ; but I will try pre-
sently if I can tear the particles asunder with my hand, by the aid
of Mr. Wilde’s magneto-clectric machine, by which I melted a
piece of wire at our first lecture.  But let us see, first, what we have
got here. You will see that one of these tubes is quite full, whilst
the other is only half full. This is a very important fact for you
to remember. Here we find we have got twice as large a volume
of one gas as we have of the other. Which is this gas of which
we have the largest volume? Let us examine it; let us ask
Nature this question, and find out which of the two itis. Let usg
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try whether it is oxygen or hydrogen, for it is surely one or the
other. If it is hydrogen it will take fire and burn ; if it is oxygen
it will not take fire and burn. [A light was applied to the hydrogen
tube, when it took fire.] Let us now try whether this is oxygen.
You will remember the test we used for oxygen last time ; it was
that it re-kindled a bit of wood. Now here we have a taper which
can be rekindled I dare say, if I blow it out and leave the wick
red hot. [The taper was re-kindled more than once.] This demon-
strates @ most important fact ; a fact so important that I have put
it on the syllabus of the lecturefor you to remember, namely,
that two volumes of hydrogen combine with one of oxygen to
form two volumes of water gas, or two volumes of steam. I
cannot, I am sorry to say, show you that it forms two volumes of
steam, that is too diffitult an experiment to perform here, but you
have seeft that water contains one volume of oxygen and two of

. hydrogen. I will now try to show you the same thing on the
screen by help of the lantern.

[Professor, Roscoe succeeded perfectly in+ this demonstration,
the bubbles of gas being distinctly seen bubbling apparently down-
wards on the canvas screen, and the current ceased when the
connection of the wires was broken. The gas really bubbles
upwargs, being lighter than water, but in the image they appeared
reversed. The electric wires were next attached to the Wilde’s
magncto-electric machine, and the same effect was produced in
separating the oxygtn and hydrogen, by means of the current of
electricity, obtained when the handle of the machine was turned.]

Professor Roscoe proceeded to explain that just as in the
burning of coal, we get the light and heat of the sun given off, so,
he added, when 1 burn the oxygen, and hydrogen again, or when
I bring the mixture near to a light, that moment I get heat evolved.
Now that heat is very tremendous. The heat evolved*by the
oxygen and hydrogen when they combine, is so great that it is
almost more intense than we can produce by any other means. ~
I will show you how great that heat,is, so great that I can burn
very readily a bit of steel watch spring. And you know that when
we have heat it would be easy to get from it mechanical action.
1 have‘here a small jet of hydrogen gas burning, and I am going
to bring the oxygen to it. The purest water is here being
produced by the chgmical union of hydrogen and oxygen, and in
that action such an enormous amount of heat is given off, that we
¢an burn a piece of steel watch spring like tinder ! [The steel was
consumed in a few seconds in a brilliant shower of sparks.] That
shows the enormous amount of heat given oft. But I will show it
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to you in another way. I am here separating water into its two
constituent parts, and collecting the oxygen and hydrogen together
in a small glass globe; just doing what you saw done on the
screen. This is a very dangerous mixture. Nobody should mix
hydrogen and oxygen in the proportion in which they exist in
water in large vessels, because it is one of the mast explosive
substances we know. The explosion of this little bulb full will
make a good deal of noise. Many lives have been lost from
persons incautiously using this mixture. We have got qur little
bulb quite full now, so we will cork it up, and place two little
wires inside to convey the electric spark, and then hang it up on
this cord. I am now going to heat these two gases so that they
may combine together, and so rapid is the electric flash that
instantly I pronounce “three” and turn that frandle, you will hear
the explosion. You are aware that electricity passes #o rapidly
that it takes but the fraction of a second for a message to flash,
from England to America. [The explosion was loud and shattered
the glass into a thousend pieces.] This is to show you the
immense amount of force which is generated when hydrogen and
oxygen are united, and therefore the immehse amount of force
which is needed to separate them. You may ask what is th®
amount of heat here evolved? Now I can tell you that, for it has
been determined, and it i such an important point that I have
had it printed on the syllabus. A certain definite amount of heat
is evolved when 8lbs. of oxygen are combined with 1lb. of
hydrogen, for that is the proportion dy weight in which they
combine. From water we get two cubic inches of hydrogen to
one cubic inch of oxygen ; but oxygen is sixteen times as'ghcavy
as hydrogen; and therefore when we weigh water, nine pounds
are made up of eight of oxygen and one of hydrogen. Now if we
burn eight pounds by weight of oxygen with one pound by weight
of hydrogen, forming nine pounds of water, the heat evolved is so
much that when it is turned into mechanicgl action (how heat can
be turned into mechanical action, I tried to make plain to you on
a former occasion), the heat 1s sufficient to raise 21,000 tons one
foot high! That is the measare of mechanical force of weight
riised through a given space. Hence you perceive %hat a
tremendous amount of force is generated by this combination of
oxygen and hydrogen. R

I have shown you now how we decompose water, and how we
can combine the elements of water, and also that when hydrogen
burns it forms absolutely pure water.

Lastly, in the few minutes that are left, I will show you and tell -
you something about water. I suppose you all know that water
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can exist ih three different forms; it can exist as solid ice, it can
exist as liquid water, and it can exist as gaseous or vapourised
stearn. Here in England we have not the opportunity, except in
winter, of seeing ice in the solid form. - Many persons have never
seen ice in a solid form—those who live in tropical countries.
But there are-certain countries, not far from here; which can be
reached in a day or two by the help of the steam-engine, where
during the whole of the summer splendid examples of solid water
may be seen,.for instance in Switzerland, where there are snowy
mountains with enormous masses of ice, termed glaciers. We may
also see these masses of ice in Norway and other coyntries. In
order that you may get an idea of what a glacier is like, I have
got some beautiful photographs (kindly lent me by Mr. Dancer),
evhich I will throw dpbn the scregn. I will first show you a
waterfall, due of those beauties of nature in which we have liquid
vaters. And then some of those wonderful masses of ice called
glaciers.
Almost all fhe water found running on the earth’s surface is
more or less impure, and it is one part of the business of the
cPemist to tell us wheh water is impure, and also how to purifyit.
The best way to purify water is to distil it, though this cannot be
done ofgcourse on a very large scale. For instance, here is some
water which I have coloured blue, and by boiling it with a spirit-
lamp, I shall get a colourless water dropping down this glass tube,
and what remains wik be impure water. This is the process which
goes on in nature, and by which we get rain water; and if we
collect the rain water in the country (not in Manchester), it is the
purest of water you can get, because it has been purified by the
great natural process of distillation, by which the water is carried
up from the ocean into the air, through the agency of the sun,
purified and precipitated again in the form of rain or snow, such
as you saw on those beautiful mountains. In one or other of
those forms water is constantly falling upon the earth, and every
drop of running water, whether dirty as in the Irwell, or clear as
in the Swiss streams, has been, in the form of rain, drawn from the
ocean, condensed, and has fallen down again upon the earth in the
form of Tain water. When it has flowed a certain distance over
the earth it becomes more or less impure, according to the nature
of the ground gver which it flows. If there are large towns near
where it falls, or print-works, or dye-works, as in Manchester,
-§0 much the worse for the purity of the water.
. Tt is a matter of the greatest consequence for every class of
petsons to be careful as to the water they drink. We, who live in
Manchester, cannot be too thankful that those who undertake to
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look afier these matters for us—that is the corporation—have
given us such a first-rate supply of water, for there is no city in
England supplied with more wholesome water than Manchester.
Now, this is a matter of vital consequence to every one of us;
and this becomes more evident the older we grow, and the more
progress we make in scientific knowledge. We have had lately a
visitation of the cholera in England, and there have been two or
three other visitations within our memory. The cholera appears
to always come from the east, We know very'little aboat it, but
we are gragually getting. to know more. There is, however, one
thing which appears to be known with certainty about the cholerz,
and it is this, that'it is brought on to a great extent, if not
altogether, by drinking unwholesome wategy.o This has been found
to be the case not only in England but on the Continent; and
wherever proper scientific investigations of the progtess of the
disease have been made, it has been almost invariably found that
the cholera may bg cavsed by drinking impure water.

When one of the last visitations of cholera occurred in England, I
think it was in the year 1853, therewas one place nearGolden Square,
in London, where the cholera was very bad indeed, and it wfus
singular that the cholera cases were found in certain houses,
whereas in certain other houses there were no cases of cholera.
Afterwards this came to be investigated by competent persons,
and it was found that in all those housts jn which deaths from
cholera had occurred, the people had drunk from a particular well
near Golden Square, and that in the houses that were free from
cholera, the people had used other water for drinking purposes.
1t appeared on investigation that the well water was very impure,
and contained a great many matters which had filtered in from
the sewage, organic matters which must, accompany water when
we get it from wells in large towns. Those persons who drank
that impure water died, and those who did not drink it did not die.
I do not say that cholera will always fesult from drinking bad
water, but when the chole*h prevails you may avoid the disease
'if you understand how, and you may take it if you do not take
proper precautions, and one of these special precautiong is to be
careful as to what water you drink. This is only one case, but
there have been hundreds of similar cases. In the visitation of
the cholera this year in London, it was cofifined chiefly to those
parts of London that were supplied with water by a particular
company who stored their supplies in, or drew them from, an
impure source ; whilst those streets and houses that were supplied
from another source did not suffer to a like extent. I repeat
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therefore that we cannot be too thankful in Manchester that we
have a supply of firstrate water, and none of us ought to drink
anything but the purest town’s water, which is collected, as you
know, on the hills above Glossop, on that range of hills which
separates Lancashire from Yorkshire. It is collected there in large
lakes and distributed through mains and pipes all through our
streets and into every house, so that we can draw the water as
pure as if we were in the country, instead of using the impure well
and punfp water of our city, which becomes impregnated with all
the dirt and abominations which collect in a large tpwn. You
will see from this that all the wells and pumps and springs in
Manchester osught to be closed for drinking purposes, because it
is exceedingly unheakhy to drink water of this kind. There are a
*zood many, of these pumps in Manchester, and perhaps those who
draw water from them may not be aware of the great danger they
theur, especially at such times as last sumuner when the cholera
was about.

I have alrealy exceeded my time, and I will therefore only say
that here the dirty water is changed into colourless water, pure
dwtilled water, which we have collected from our little still, and
that in this way we are only doing what nature does on a la.rge

scale.



ELEMENTARY CHEMISTRY.

LECTURE III

SULPHUR-—SULPHURIC ACID—SODA—SOAP—
BLEACHING. ’ o

SULPHUR found in Sicily in the native or pure state, also in combina.
tion with many metals—Sulphur_burns ju. the.air,forming. Sulphurous
Acid ; 32 parts by weight of Sulphur combine w®h 2 x 16=32 parts by
weight of Oxygen to form 64 parts of Sylphurous Acid—Symbol SO=
Sulphurous Acid, Oxygen, and Water, combine together to fopm. Sul
phuric Acid, or Oil ot; Vitriol—8ymbel SQ,. H,. Manufacturcd on
large scale in leaden chambers—3,000 tons of Sulphurie Acid manu.
facturcd every week in South Lancashire. Process of manufacturg
described—Properties of Oil of Vitriol—strongest acid known—use®
in the manufacture of Soda—1,800 tons of Soda-ash made every week
in this district. First, or Salt-cake, process: Common Salt (o1
Chloride of Sodium) and Sulphuric Acid yicld Sgnlt-citke, or Sulphate
of Sodium, and Hydrochloric Acid. Second, or Black-ash, process :
Salt-cake, Limestonc, and Coal, yiclds Soda-ash (Carbonate of Soda}
and waste. The production of Oil of Vitriol may be take} as a
measure of the commercial activity of a district ; the quantity of Soap
consumgd as a measure of its civilization, Chlorine and Bleaching

Powder.

(] '

Proressor Roscok began by saying : You will remember that at
the last lecture I did not succeed in doing what I promised,
namely, to fire a cartridge of gunpowder by means of eleatricity.
We are going to try again to-night, and I think we shall succeed.
The professor then joined the wires, which gommunicated with
the cartridge at the other end of ‘the room, and simultaneously
with his signal the explosion took place. You will see, he con-
tinued, that the electricity did its work, and the previous failure
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was not the fault of the electricity. Nature never makes mistakes;
but 2e cannot at all times avoid them. On the previous occasion
the wire was broken, and, therefore, the electricity could not pass,
the roadway for it being intercepted.

I explained to you last Wednesday something about the
chemistry of water. I propose to-night to take a totally different
subject, and to tell you something about the chemistry of the sub-
stance which we know as sulphur, and which you all know, I dare
say, a® brimstone. Brimstone ig stlphur, and sulphur belongs to
that family of bodies to which we give the name of elementary
substances.

Sulphur is found not chemically united with anything else. It
is found in the neighpourhood of those wonderful and interesting
places galled volcanoes, and in Yolcanic districts generally, espe-
cially near Etna, in Sicily. From that source we derive the
greatest part of the sulphur which we require in this country.
But sulphur as it exists in these volcanic districts is mixed up with
a great numtber of impurities, which must b& got rid of before we

Jcan obtain pure sulphur. Part of this purification of sulphur is
®done in Sicily, gnd part of it is performed when it gets here. I
have in my hand g lump of the sulphur as it comes into this
country, before it 1s perfectly pure, and it is then a brownish
yellow mass. Here is the sulphur after it has been completely
purified in this coyntry, and the difference is perceptible to every.
one. Now, I will show you a picture of the arrangement by
which the sulphur is purified both before and after it reaches us.

Prefessor Roscoe then exhibited the pictures mentioned. The
first showed the structure in which the sulphur was freed from the
earth and rock which adhered to it. The sulphur was placed in a
pot, round which a fire was made, which boiled the sulphur until
the vapour passed into another pot, in which it was cooléd, when
liquid sulphur flowed out into tubs, the earth and other impurities
remaining behind in the pots. The sulphur was rendered in this
way nearly pure, but not sufficienfly pure for our domestic and
manufacturing purposes. When it was brought to England, there-
fore,.dt was again purified by another contrivance, which was
exhibited. The sulphur was again boiled, and the vapour of the
‘sulphur entered a large chamber, where it fell down in the form of
the beautiful fine yellow powder known as flowers of sulphur. It
fell like a soft shower of snow; in fact, flour of sulphur, or
flowers of sufphur, were to sulphur what snow was to water or ice.

Now, this ‘sulphur is a most important and 2 most interesting
substance. In the first place, here we have some of the flour of
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sulphur (showing it), and it looks like yellow flour—that is, it"looks
yellow by daylight. By gaslight it appears nearly white. If we
burn a little of that beautiful metal magnesium, we shall get a bril-
liant.light, which will show the true colour of this sulphur. [This
was done.]

I have said that sulphur possesses some very important and
interesting properties for us, and that from it we can obtain some
of the most valuable substances for use in chemistry, in menufac-
tures, in medicine, and in comnfon life. The, first thing we have
to notice is, that when we heat the sulphur it takes fire and burns
with a blue flame. [Experiment.] You all know the flame of
burning sulphur, because you all use lucifey matches, and you
know also the peculiar and disagreeable Smell that is emitted.
Now, as sulphur will burn in the air, you will be able % tell me
that it will burn with greater brilliancy in oxygen. Here you have
the sulphur burning in the air; now I will burn some in oxygen.
The flame in the d'r is scarcely visible, only shoging a blue
lambent light ; but in the oxygen it burns mugh more brightly.

Now let us ask ourselves what is the chemical change whicl
takes place here, because that is our object. What takes place
there is what takes place when a piece of charcoal burns in
oxygen ; it is a chemical combination of the substance burning
with the oxygen of the air, and the substance which is formed
here is called swplurous acid, and it yields th® unpleasant smell
when you burn a lucifer match. That peculiar odour is not the
smell of the sulphur, but is the smell of the body which is fgrmed
by union with oxygen—the sulphurous acid. Let us try to
remember that. I have put it down in the syllabus :—* Sulphur
burns in the air, forming Sulphurous Acid; 32 parts by weight of
sulphur ®combine with 2 x 16 =32 parts by weight of Oxygen to
form 64 parts of Sulphurous Acid—Symbol SO,".

Here again we come across the most important law in chemistry,
namely, that all these substrnces which chemically combine
together have a definite ccmposition. We always find that 32
parts of sulphur combine with 32 parts of oxygen to form 64 parts
of this sulphnrous acid—this peculiarly unpleasant smelling sub-
stance which you perceive when you burn a lucifer match.

Sulphur will combine with a metal as well @s with oxygen. I
will show you thar this is the case by combining some_sulpbur and
sqme.copper together. Sulphur is an elementary substance, and

- copper 1s an elementary substance, and when they combine a

compound substance is produced called sulphide of cofper. Sulphur

occurs in nature not only in the free state in which you have seen
(o}
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it here, but also combined with metals. For instance, the sab-
stances from which we get the metals are almost all chemical com-
pounds of the metal with sulphur. Where do we get the copper
from which our pennies are made, and which we see in a great
many of the articles of daily use? It is found in the earth; but
it is not found in the metallic state in which we use it, but com-
bined with sulphur. Here we have the copper and sulphur com-
bined jogether. [Fxperiment.] You see how hot the copper gets.
It is now in a red glow ; thus yov see the chemical combination of
the copper and the sulphur. The metal lead, of which bullets are
made, is not found as such in the earth; it is found united with
sulphur, and we must first get rid of the sulphur which is combined
with the lead befo®er we have the metal fit to vse in covering
houses, #nd for pipes, and the mdny other purposes for which lead
. is used.

Perhaps the most interesting, and certainly the most important,

substance which we have tc do with aboyt sulphur, is the sub-
stance called su/phuric acid. Another name for this substance,
«which you will prolzably be all more or less acquainted with, is o/
“of vitrsol. Thiswoil of vitriol is got from sulphur. How is that
accomplished ? Jgmay first tell you that this oil of vitriol is so
important a substance that no less than three thousand tons of it
are manufactured every week within thirty miles of the place
where I am now gtanding! Three thousand tons per week of
that is a large quantity. What is it all used for? What can we
do with so much sulphuric acid? And how is this substance
prepded, of which we use such an enormous quantity? These
are the matters about which I propose to tell you a little this
evening. ..

You are probably aware that Manchester is the centre of a dis-
trict celebrated for its chemical trade. This chemical trade
depends entirely upon sulphur. If there were no sulphur we
could have no chemical trade of this kind near us, and it depends
upon the manufacture of sulphuric %cid, because that kind of acid
is used for almost every chemical preparation. Whatever we have
to make chemically we almost always have to use sulphuric acid
in order to produce it. Not only, however, is it required for
chemical purposes, but for ordinary uses of every day life. If we
want to have our floors at home cleaned properly, what do we do?
We send fqr 4 pennyworth of soda, and this soda cannot be made
without sulphuric acid, and sulphuric acid cannot be made without
sulphur, Ifiwe want to use soap to clean our hands, as we have
‘need to do'pretty often in Manchester, we must use soda to make
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the soap, and in order to make the soda wetmust use sulphuric
acid, and' in order to make sulphuric acid we must use sulphur.,
I might go on enumerating a thousand common things, in the
making of which we shall need to use sulphur ; but perhaps these
two will suffice.  You can now understand, perhaps, how it is we
manage in this district to get rid of 3,000 tons of sulphuric acid
every week, because if we could not get rid of it, and if it did not pay
to make it, you may depend upon it, it would not be made. Now
then how do we make this sulphuric acid? In the first phce we
may make it either by burning sulphur itself, or by burning a sub-
swance which contains sulphur, and to which the name of sulphur
ore has becn given. This substance is called iron pyrites, and it
is a compound of iron and sulphur, and whep heated in the air
the sulphur burns away. Supposing we make some sulphuric acid
here from some sulphur. The sulphur we have is this*heautiful
yellow powder.

We must first of all burn the sulphur, and produce the sub-
stance called sulphutous acid. Now in order to make sulphuric
acid, we have to bring the fumes from burning,sulphur into a large
chamber. M

Everybody who has travelled by the railways about Manchester,
cannot fail to have seen large leaden chambers, of which this is a
model (model exhibited). You may see them about Newton
Heath, St. Helen’s, Widnes, on the way to Bolton and in a great
number of places "about Manchester ; and it %s in these curious
leaden chambers that the manufacture of this oil of vitriol goes
on. I cannot make sulphuric acid in this model of ming this
small leaden house, but I will make it in a glass house, and it
will then be more easily seen. For this purpose I must bring

four thmgs together. I must bring_the sulphulbus acid, which we
got by b ungtpg sulphur : I must bring the oxy eic;ﬁrge air, I

must bring Steam,.and I must bring the fu 1&{::5 from & This
bottle of sulphunc acid or oil of vitriol which I hold in my hand,
i3 a thick oily liquid composed of sulphurous acid and oxygen of
the air and water. It is very difficult for me to give you an exact
description of what goes on inside this glass house, and, I am
afraid I must leave the full explanation of this for those who are
really studying chemistry in the class which has been formed.
But I think I can make it plain to all of you, that if we burn some
sulphur here and bring some air to it, together with some steam
and fumes from nitre, we shall be able to get some sulphuric acid,
or oil of vitriol, in this glass house. First we will burn this sulphur
inside the glass house. When well heated we bring the fumes

v
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into the glass house, along with air and steam, and vapour from
the nitre. [Professor Roscoe continued his explanations while
developing the experiment, both to economise time, and fix tha
attention of his auditors.] Here you see we are getting our
fumes, and shall soon have enough oil of vitriol. I can only
manufacture a small quantity here, but, as I told you, the same
process goes on in thesz leaden chambers on an enormous scale.
In the meantime I can show you how we detect the presence of
this oil of vitriol. If I put only.one or two drops of this oil of
vitriol into this large glass of water 1 can show you I have got oil
of vitriol in that water, by pouring into it a little of this clear solu-
tion of a salt, called chloride of barium, the effect of which is to

, produce a white cloudy appearance, showing the presence of sul-
phuric agid. We will now try With what we have produced

Whether we can get the same kind of white cloud, and I think we
most likely shall.

I have said that one of the most important uses of this oil of
vitriol is to ‘make soda or alkali; and those lcaden chambers,
some of which are us large as this hall, are always attached to
these alkali works. In order to show you the importance of this
branch of the chemical trade, I may tell you that the value of the
materials manufiured in the alkali works of Great Britain
amounts to 42,000,009 sterling per annum, and about one-half of
this is manufactured.within a radius of thirty miles from this place;
that is, one-half of this trade is in South Lancashire, and the other
nalf is round Newcastle-upon-Tyne, in Northumberland. I have
on a di4gram here a list of the chemical trades of South Lancashire
for the year 1861, showing the very large quantities of various
chemical substances which are made in our neighbourhood, and of
these by far the most important is the making of sulphuric acid
and the alkali trade. The following is a copy of the Table :-—

STATISTICS
OF THE'

LANCASHIRE CHEMICAL TRADE, «861.

(1.)—ALKALI MANUFACTURE,
Tons per wesk:.

Common Salt (N4. Cl.) decomposed in the district ... 2600
Sulphuric Acid (Sp. gr. 1, 6) employed ..........ccuenne 3100
Soda Ashwproduced ........coevviiniiiiiniinns [P 1800
Salt-cake Soda ...... e e 210

Bicarbonat® of Soda......ccveiiiieiiniiiiiniieiineen veee 22§
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B Tons per week
Soda Crystals .............. PN ceearaees 175
Caustic Alkali (Solid), ...cecuvuviierinnniiiiiiiiinnenninnin, 98
Bleaching Powder ................ PPN 155
Chloratg of Potash .......coviuiiiiiiiiiiiiiiiiininnnan. 5
(2.)—AcrDS.
Sulphuric Acid not used in alkali making ............... 700
Nitric Acid .oeieeneiiiieie i e o 40
Oxalic Acid ....oeceniennennn S P 8
(3.)—PRODUCTS USED BY DYERS AND CALICO-PRINTERS.
Dye-woods used for making wood extracts ............ 200
Dye-woods used by Dyers .. .............. L 6o
GATANCINE +etetereennennnenieeenreecereenesnsenesrensesaesnnens e 100
Ammonia Alum  ....coviiiiiiiii 147
Proto Sulphate of Iron......ccovviiiviiiiiiiiniiiiiiinnne, 8o
Sulphate of COpPper ... «.ccveviiviniiin evviniiiiiiiaen 28
Emerald Green...... ccocvveviniiiniiiiiiiniin M 2
Protochloride of Tin  ,..cccvnviniineiniinnnnns LT 16
Nitrate of Lead . .ecovevvineeriiiiiiniiiiniiiiinninan, 16 ®
Stannate of Soda ..... ....... R, 10
Arseniate of Soda ........... N 10
Bichromate of Potash ........ceceeuvinnnnn g e rsraretinans 14
Yellow Prussiate of Potash ....c.....covveee. ®riinnnnenie 5
Cwt
Red ditto veveereiereiiininininiieniiriniiirianisinsineensnenes 10
Gals.
Red Liquor (Acetate of Alumina) ......cecevriurennnnnee. 12000
Iron Liquor (Protoacetate of Iron) .....cecivuerennennes 5000
. Cwt.
MUrexide covveenerenenirenrienrinrieiiiiiiirensesanns 13
Tons
Gum and Gum substitutes ;... ...cvernnirieniiiiieennennn. 35
Starch ..uvveiiiiiiiie i e e 20
Purified ROSIN cevvuinire corniiiiiiiiiiiniiiniiiineien e 50

I have now, I believe, made a little oil of vitriol in our glass-
nouse. We will pour a little water into the glass-house so as to
wash out the gas, then shake it up, and see ¥ we have not got a
substance which will produce the milkiness which we saw before.
I add a little of this clear solution of the salt, and we get the same
white cloud, proving that we have manufactured on a small scale
and in a few minutes some of this most important substanee.
\ADviause, )
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Now, this oil of vitriol is the strongest acid we know, and from
it we can make all the other acids e need, as well as soda and
alkali, I am going to-day to describ® to you how alkali is
made. I am afraid this lecture will be rather dry, but it is very
important. (Further applause.) In the first place, in oxder to get
the sulphuric acid as strong as we require it, we have to evaporate
it as it comes weak out of the leaden chambers, that is, boil away
the water which has been put in it. This boiling away of the
water is done first of all in leader. pans; but after a time this acid
gets so strong that it attacks and eats away the lead, and therefore
the manufacturers have to use something else, Now you can
imagine that if we had to evaporate a great many tons of this, we
should have to use ve.y large boilers, We cannot use iron boilers
or leaden boilers. What are we touse? We must use either glass

, boilers, or boilers made of metal called platinum, which is so expen-

sive that a boiler large enough for common use costs many thousand
pounds; the other day I saw a very beautiful platinum bouler, which
was exhibited at the British Association Mceting, at Nottingham,
and that boiler was worth £6,000! Well, fortunately there is
&nother substance without which we should be very badly off now-
a-days, especiallfewe chemists, and that is glass. What wonderful
things we see now made of glass; there is a little glass bottle
which will hold forty gajlons (a laugh); in that kind of little bottle
they boil down the.acid. This spccimen bottle has been kindly
sent to me in order that you may all see what sort «f bottles and
boilers are used for boiling dewn sulphuric acid. It has been sent
to me ©y Messrs. Percival and Yates, who I believe ace the only
makers in this district of these “small bottles.” Tive hundred
weight of the acid is placed in the bottle. and the bottle put in an
iron po’, with sand, and a fire is made underneath. Wlhen the
acid 1s heated the water comes away, and the strong acid remains
behind. If these bottles full of this sulphuric acid were to break,
there would be a “serious matter,” because suiphuric acid, when,
hot, is a most deleterious and corrosive substance, and forms a
very hurtful vapour. But so well are these bottles made, and so
accustomed are the workmen to. handling them, that they do not
often break them. These bottles are certainly extraordinary
specimens of glass-blowing.

I have said that fhe sulphuric acid is used to a great extent for
making alkali, and I am going to try to explain to you how alkali
is made by the use of sulphuric acid. Near here we have a very
large sourck of alkali, and that is the Cheshire salt beds. You
knqw that in Chsshire there are enormous deposits of what is



39

called “rock salt.” Thisrock salt consists of sodium or the meta)
* of suda, united to a substance which I shall have to speak of,
culled chlorine—it is a compound of sodium and chlorine. This
common salt, which we use evgry day at our dinners, is loyed
to produce alkali, and you will see by the table [on pag that
2,000 tons f salt are used every weck in this district for making
alkali. The first thing we have to do in order to make alkali is to
add to it some of this sulphuric acid or oil of vitriol. What hap-
pens? T will pour some sulphuric acid on this common salt, and
something very strange will take place. I must not use much, in
order that we may not be incommoded by the result. Here we
see an effervesence going on, and a substance is given off which
fumes very sharply. What is this white smoke given off? I hold
it above my head because I de not want fo i)renlhe it. This 1s
the first process in making alkali, and it is called the sa®-cake pro-
cess.  What happens here is that the sulphuric acid liberates from,
the salt a substance called hydro-chloric acid or spirits of salt, or
muriatic acid, and 1€aves behind it the “salt-cake,” 3¢ it is termed
by the alkali makers. Now the hydro-chloric acid 1s not what is
wanted. What we want is this salt-cake which remains behind, and
the alkali makers were at first very much- troubled with ti-¢ hydrs-
chloric acid, which comes off, and did not know what to do with
it. They found, to begin with, that when they let it go up their
chimreys, the fumes wcre very annoying #o their neighbours, and
very destructive to their property, for it kild all the trees and
plants, and aestroyed every blude of grass; in fact, it ruined the
farmers and gardeners in the neighbourhood. Then the manu-
facturers built tall chimneys, thinking that if they sent it fp high
into the air they would be rid of it. But there is no getting rid of
these chemical bodies ; you cannot destroy matter; and so, true
to the law of nature, this acid came down again. But instcad of
falling on the farm next to the manufactory, it visited a farmer half-
a-mile off, and destroyed his trees and his crops, and was as un-
‘pleasant to him as it had Leen to the nearer farmer. Then they
thought of another plan, They turned all acid into the canals on
the banks of which the works were built for the sake of cheap and
easy transit. For this gas which you see coming off as fumes is
taken up by the water with the greatest avidity. I hope to be able
to show you that this is the case. [Professar Roscoe took a long
tube filled with this gas, and on removing the cork from one end,
the water rushed up violently, so quickly was the gas absorbed.]
That shows why the manufacturers sent the gas into the canal ; it
was that the water mioht rid them of it  But the people who had
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barges on the canals very soon complained, because they said all
the iron rivets and nails came out of their boats. (Laughter.)
Thus the chemical manufacturer was again in a difficulty. He did
not know what to do with this disagreeable gas, which he could
not help making in order to get what he wanted—the salt-cake.
What was he to do? The answer will serve as an example to
show how, by increasing our knowledge, we are able to make use
of even deleterious and hurtful produ( ts. Instead of letting the
gas go up the chimney, or sending it into the canal, the manufac-
turer cellected the acid into a small quantity of water. ‘T he
arrangement he adopted is illustrated in this model, and was first
adopted by Mr. Gossage, of Widnes. He filled these towers with
coke, and down the towers he let a stream of water trickle; at the
bottom of the towers he admitted this hurtful hydro-chloric acid
-gas, and the falling water took up every trace of the acid, so that

when the ‘fumes came out of the top of the chimney, there was
fiot the least trace of hydro-chloric acid gas left, while. the water
which had trickled down the towers was a valuahle substance. It
had taken up this gas and had formed a substance, which, so fa
from being a waste or injurious product, causing a loss to the
manufacturer, bccame a source of wealth, and a product from
which he could mgke other substances. This nuisance can, there-
fore, now be avolded; and in order to make the manufacturer
careful, Lord Derby a few sessions ago, brought forward his
Alkali Works Act, the object of which is to compel the manufac-
turers to collect all his hydro-chloric acid, and allow none of it to
escape to the injury of his nelghbours A gentltman, well
known i Manchester, Dr. Angus Smith, has been appointed as
head inspector, and he goes round to see that the manufacturers
do their duty—namely, condense every particle of this deleterious
gas, so that none of it may escape into the air.

Having followed this hydro-chloric acid thus far, let us go Back
if you please, for a moment, to the salt-cake, this white substance
which is left behind, and which the alkali maker wants. This
salt-cake is not alkali yet, it needs to ke heated in a furnace with
two other things—with coal and with limestone, in order to make
it into alkali; it then forms a substance which the manufacturers
term “black ash,” which when dissolved in water yields the alkali.
It would be 1mp0551b1e for me to describe to you minutely all the
processes which go on in the enormous chemeal trade of this
district, or to do more than demonstrate the importance which
sulphuric actd is to that trade. The sulphur which is used in
making the sujphuric acid is stil! a waste product, and it would be
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a great discovery if anyf)ody could find out how to do without
this sulphur, which is' left behind in what is called the alkali
maker’s waste, and which smells very badly, and is a great
nuisance. This is one of the nyisances which is not yet got nd of.
I have explained to you how the huisance of the hydro-chloric acid
was got rid of ; and in progress of time, and with the advance of
science, I have no doubt we shall be able to turn this waste
sulphur to as useful an end as the hydro-chloric acid. We must
have patience; we cannot expect to get all these results at @nce.

Before I describe to you what they do with this hydro-chloric
acid, I will show you the drawings of the furnaces in which these
opemtions are conducted for making the alkali. [Professor Roscoe
exhibited picturcs of the leaden chamber in yhich sulphuric acid
is made, and other furnaces in which salt-cake is made. The latter
consisted of a large iron pan in the centre, holding severafhundred
weight of salt, upon which sulphuric acid is poured, and a great
quantity of hy(lro-chlon(‘ acid is given off. Lastly, a picture was
shown of the furnace®in which soda ash is made, by mixing the
salt-cake with coal and liinestone.]

In the two or three minutes that are left, T" will try to make i}
clear to you what the manufacturer does with this hydro-chloric
acid which he used to throw away. Some of you may be old
enough to remember the time when all the bleaching of calico
in thns district was performed by laying the cloth out on the
ground to be exposed to the sun and the air® this was then the
only way of bleaching known. Some years ago a chemical mode
of bleaching was intfoduced, through the use of this hydro-ghloric
acid, from which is obtained the most powerful bleaching agent
known called chlorine gas—another of these elementary bodies of
which I spoke to you. Here we have some of this chlorine gas.
1 will n8t make any of it here, because if I were to do so, it would
prevent my speaking and very much inconvenicnce you, for it has
a most powerful smell, and attacks the lungs with very great force,
50 that we have to be carefsl in using it. This chlorine gas is
contained in this muriatic acid; I will burn this little bit of
magnesium wire, and you will see that this gas is of a yellowish
colour. It is a most powerful substance, and if I introduce % little
metal it will take fire. [Professor Roscoe threw into the gas a little
powdered antimony, when the metal took fire and burnt in the gas.]
This is very extraordinary that the antimony should thus take fire.

Well, this chlorine also possesses most powerful bleaching
properties, but it is singular that dry chlorine does not bleach.
[An experiment demonstrated this. The dry chlorine’ had no
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effect upon a piece of Turkey-red cloth, but when water wa!
introduced the colour at once began’to fade.] ‘You will
understand that the manufacturer does not want this substa ce in
the gaseous form, but as a solid, so that he can pack it up in boxes
and send it about to his customers In order to effect, this change,
he sends the gas into lime. He has large chambers filled with
common slacked lime, in combination with which the gas forms
this white bleaching powder with which all of you will be familiar
who hfive anything to do with pleaching. It is commonly, but
erroneously, called “ chemic” by bleachers, who have not as much
knowledge of chemistry as is desirable. What does “chemic”
mean? As if salt was not “chemic,” and sulphur “chemic”: as
if this were the on’y,“chemic " in the world. All things arounrd
us are ! chemics,” we ourselves are “chemics.” (Laughter.)
However, this goces by the name of “ chemic,” and if in the bleach-
works you were to speak of chloride of llme they would stare at
you, but ask them “how is the chemic?” and they know very well
what you mean. Well, this bleaching powder is got by bringing
the gas into contact with' lime, when the lime unites with it,
~aking solid chlorine. For this substance the manufacturer gets
A17 a ton, whely thirty or forty ycars ago he sent the materials of
which it is made into the ait to the annoyance of his neighbours
and the destruction of vegetation.

I will now show you how we can bleach by this powder.
[ Professor Roscoe Tnixed some of the powder with water, and in
few minutes bleached a piece of red cloth. He explained the
process at the same time of what is called souring or liberating
the chlorine by an acid. It was explained by the professor that
this mode of bleaching was not applicable to the linen made in
the North of Ireland and elsewhere, the fibre not being sufficiently
strong to withstand the action of the acid. In conc usion
Professor Roscoe stated that in his next lecture he should speak
of coal and gas-making, and give another example of the
extraordinary power of chemistry tosturn hitherto useless products
to a valuable purpose, as in the formation of beauuful colours
from common gas-coal tar.)



ELEMENTARY CHEMISTRY.

LECTURE IV.
CARBON—COAL—-FLAME.

CARBON mainly constitutes the ‘t:odies of plants and animals—with-
out carbon there could be no life on the earth.—Carbon showed to be
contained in sugar..—Carbon exists in three forms (1) diamond, (2)
graphite or plumbago, (3) charcoa) or coal.—T%dlve pounds of each of
these three modifications produce the same weigh., or forty-fdtir pounds
of carbonic acid gas when burnt in the air or oxygen. Decolourising ®
properties of charcoal—U'se in sugar refining., COAL the remains of
ancieat vegetation—Explanation of changes which hafe occurred—
Coal plants.—CoAL GAaS yields carbonic acid bn burning—Contains
marsh-gas or fire-damp, mixced with other gases—Causes of the explo-
sions in coal-pits-—choke-damp or after-damp is carbonic acid gas.
Davy lamp—Explanation of—Experiments showing the value of—
Olefiant gas contained in coal gas—Bums.wiﬂl luminous flame—
Structure of a candle flame.

Vegetable and animal life—Dependence upon the coal for our
national prosperity—Conclusion. ¢

ProrFEssoR RoOSCOE, in commencing his fourth and concluding
lecture, said, you will remember that in the last lecture I took for
my subject Sulphur, and I endeavoured to show you some of the
important chemical principles which are involved in that sub-
stance, and its compounds. We saw how the waste and delete-
rious hydro-chloric acid, which was at one time only a nflisance,
was, by tne progress of science, made available for most important
economical uses, and instead of being a bugden to the manufac-
turer, became to him a source of wealth, from the production
of bleacning powder. This evening I propose to take another
substance, but one not less important and interesting than.the
former vaes,  This substance also is an elementary body, the
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narze of which we have otten had to mention, namely, caréon or
charcoal. Now this carbon or coal is a substance of such great
importance that we cannot at first realize its full value, for neither
vegetable nor animal life could exist if we were to cut off this one
substance, carbon ; in other words, if carbon had not existed the
animals and vegetables as they now exist could not have been
formed, because all these things necessarily contain carbon. The
first instance I will give you of the existence of charcoal in a
vegetabie shall be this beautiful white lump sugar, the product ot
the sugar cane refined. I shall be able to show you that sugar
contains carbon by taking away the water from the sugar, for it 15
really a compound of carbon and water. I employ sulphuric
acid—a substance I.spoke about in the last lecture, to remove the

o water. This acid has the powerrof taking away from the sugar
the water which it contains, and then we have the carbon left. I
“first add some hot water to the sugar to make a syrup, in order
that the sulphuric acid may be able to act upon the sugar more
expeditiously; and when the sugar is all dissolved, I will pour
upon it some sulphyric acid, when we shall see the carbon. All
our beautiful white sugar is now transformed into this boiling
black substancey [This illustration, and all the subsequent ones,
elicited the am?luse of the audience.] This shows you distinctly
that a vegetable, body such as white sugar contains carbon. Flesh
meat also contains carbon. We know that when a piece of meat
is overroasted and burnt the black carbon comes out; and if I
had done this with meat or blood, I should have produced the
same black carbon.

I will show you this in another way. I will take this colourless
liquid, which is turpentine, and show you that it contains carbon.
If I moisten a piece of paper and put it into a jar, with a power-
ful substance which we noticed last time-—chlorine gas—and if I
introduce some of the turpentine into the chlorine gas, we shall
see that it contains carbon, for a quantity of black smoke will be
given off, and the paper will turn blaek, and even take fire. This
blackening of the paper is caused by the carbon from the turpen-
tine, and thus we see that in both of these white vegetable
substances carbon is contained. ‘

Carbon is found in nature in three distinct forms, so different
one from the otherythat we are not able to tell by the mere
appearance that they are the same substance. What do you think
when I tell you that the beautiful bright sparkling gem which we
call the diamond is nothing more than this piece of coal, that is,
chemically it is the same in substance, namely, carbon in its
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purest form. Coal or charcoal is another form of carbon, and
then we have that substance which we use to make black lead
wencils, and for blacking grates, commonly and improperly called
“ blacklead,” for there is no lead in it, or otherwise plumbago, or
graphite. These things are nothing more than carbon, or diamond
in another form, a form not so valuable, because it occurs in larger
uantities, but perhaps even more useful than the diamond, though

the diamond is a useful substance, because it is the hardest body "

we know of in the world ; itis go hard that it will cut gl#s, and
without it the glaziers would be in a difficulty. We cannot ima-
gine things more different in appearance than blacklead, charcoal,
and diamond, and yet these substances are actually one and the
same—carbon.

Now, what happens when carbon burns ?* I showed you in the
first of these lectures some charcoal burning in oxygen  gas, and
vou would notice that a very bright sparkling took place; I need
not, therefore, repeat that experiment, because you have seen it,
and we have a number of others for to-night. What is it that
happens here? Those who have attended,these lectures, and
attended to them—which is another thing —will know whag
happens whea the carbon or charcoal burns ; they will know that
the beautiful bright sparkling is the result of the combination of
carbon with the oxygen in the air, and that a substance is formed,
the name of which I have written on the® board—cardonic acid,
and this carbonic acid is produced whenever substances containing
carbon burn in the air or in oxygen ; and it does not matter whether
we burn diamond in oxygen or charcoal, or graphite in gxygen,
the same thing takes place—namely, carbonic acid is formed.
And what is more important, the same weight of carbonic acid is
formed,when we burn a certain weight of either diamond, charcoal,
or graphite. If we were rich enough to burn 1z]bs. of diamond,
it would be a costly experiment, but the experiment has been
performed with a smaller quantity,—how much carbonic acid
thould we get? Why, we should get exactly 441b. I have put
this down on the syllabus, because it is so important—* 12lb. of
diamond, charcoal, or graphite, would yield 44lbs. of cgrbonic
acid.” This is one of the reasons why chemists have come to the
conclusion that these substances are one and the same, because
they yield the same quantity of the like product; hence they
must be the same substance.

A hundred years ago nobody knew that the diamond was the
same as charcoal, and if any lady had been told that her diamonds
were nothing but charcoal, she would have been incredulous. -But
diamonds are as, valuable as ever they were, and perhaps more

-
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valuable, because we cannot make diamonds artificially, though
some day we may learn how ; it is not an impossibility, all we
“have got to do is to find out how nature made diamonds, and then,
attempt to imitate her.

This carbon possesses many important qualities. In the first
place, men are built up of carbon, and without carbon we could
not exist. As I told you in the second lecture, the food we are

‘constantly taking in is just the same to us as coal is to the steam
enginer We burn this food-fuel, and the product of its combus-
tion is carbonic acid, which is given off from the lungs. If we
breathe through clear lime-water, you can make this fact palpable
to sight. It is an important though simple experiment, and I
have already shown-yqu that the lime-water becomes milky-looking
through the influence of tHe carbomic acid. This proves that we
are really undergoing a process of combustion, that we are burning,

*and for every 121b. of carbon we burn in our food, we produce
44lb. of carbonic acid, and for every given amount of carbon
which we thus burn, we get a definite amount of heat and of
mechanical action evolved.
. Carbon is a very useful substance. Onec important property
of carbon is, theg it is capable in a certain form of taking away
the colouring from substances, and it is therefore used®in sugar
refining. Imay show you this. I have here some finely divided
charcoal which is used in sugar refining. I will mix with this
sugared water a few drops of indigo blue, and then if I put some
of this charcoal into it, you will see that it has the power of taking
away this blue colour. If I had taken some dark treacle it would
have been discolourised by the carbon, and we should have had
white treacle. This is the way that sugar is refined, a process
that is carried on within a hundred yards of us, at Messrs. Fryer's
works in Chester-street, where they use large quanti*.zs of this
bone charcoal, simply for taking away the colouring matter which
the sugar contains.

Perhaps the most interesting and important part of what I have’
to say to-night is in connection with cal. Coal is a form of
carbony, carbon more or less pure. Now coal is such an important
subject that *{ could have lectured upon it for the whole of the
four evenings, instead of for a part of one lecture ; but I thought
it would be better to choose a wider range of subjects. Coal, I
have said; js mainly carbon, but it contains_some ather things ; it
contains hydrogen, it contains oxygen, and it contains nitrogen.

. Now, whit#s coal? or, what has coal been? These questions
suggest themselves to everybody, and especially ought they to be
considered By, those Who live in the midst of a _coul field and a
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coal-consuming district. What is all this carbon that is brought
from a depth of perhaps several thousand feet below the level of
the earth? If anybody will take the trouble to go down into
some of our collieries, and will keep a sharp look-out with his
lamp when he gets to the top of the level, he will probably see
beautiful impressions of plants, some of which [showing them]
have been kindly brought by a friend who was good enough te
allow me to exhibit them this evening. <You have observed on
the floors as well as on the roofs of the coal seams, these
impressions of leaves, plants, and even upright trunks of trees,
which evidently were growing at the time of the coal formations.
The coal is really the remains of an ancient vegetation which at
one time flourished on the surface of the egrth, and grew and
luxuriated in the light of the swn, just as plants flourish now. I
will show you on the screen magnified photographseof these
plant impressions, of which you will see some splerdid origmal ,
specimens in the Peter V'treet Museum.

These pictures will show you what the plants are like. Some
of them you will see were fern-like plants, bearing sceds, and
hotanists will tell you that these plants were réproduced in exactl
the same way that such plants are propagated now. They weé
much the same kind of plants as the ferns and tropical growths
of to-day, only larger. Here is one showing a section of the
stem, which is almost like the section of @ pine tree. Remember
that these carbonized plants are found at & depth of perhaps
2,000 feet below the present level of the earth. Coal beds are in
fact one mass of plants. You may say, “We don’t find these
plants and leaves in the coals in our coal-box.” No, we oflly find
them in certain parts of the coal field, because the whole of the
plants Jhave been so changed by being 'in the earth that they
have become what is termed ‘ bitumenized,”—that is, so altered
by heat ands pressure that the greater pakt has lost its vegetable
structure. But in certain parts of everyicoal field we find these
remarkable remains of foss® plants, leaving no doubt upon the
mind of every person who observes them, that the whole mass of
the coal consisted at one time of living plants.

These plants were once growing on the surface of the‘ground,
but in the long lapse of ages the level of this ground has sunk;
fresh deposits of sand and mud have been foxp®ed over the remains
of these plants, and the mud and sand have gradually hardened to
rock. I am well aware that to persons unaccustomed to consider
geological facts it does seem amazing, indeed almost incredible,
that such great changes have gone on, and are slowly but steadily
going on, on the surface of this solid earth. ¥et such is really
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the case; no idea is more false than that the surface of our earth
is fixed and unalterable; it is continually but very slowly changing
at this moment, and such slow changes as these buried the coal
plants thousands of feet deep in the earth.

Consider now for a moment the importance of coal to us in
England. What should we do without our coal fields? What
gives importance and wealth to the manufacturing districts of
Lancashire, Yorkshire, Staffordshire, Newcastle, Scotland, and
South ‘Wales? How is it that we are able to make so much iron,
and to produce all those manufactured articles which require for
their preparation the expenditure of such an enormous amount of
mechanical force? It is the coal that does it. Without coal
these parts of England would be agricultural, just as Hampshire
and Essex, and Kent are agricultural, because they have got no
coal. 0 you think the people of Essex or Hampshire would s
content with 7s. or 8s. a week, or whatever they get, as agricultural
labourers, if they could earn twice as much in manufactories?  If
they had the coal necessary in those counties, they would not be
content with agriculture, but would start at onee to manufacture
gomething or other. But they have not the coal, and therefore
the manufactuMng districts are found in the coal counties. These
districts depend entirely upon coal, and as soon as the coal is
burnt out, Lancashire and Yorkshire, and the other manufacturing
districts, will be ruined, and the inhabitants will have to go
somewhere else. Hecnce the more you think of it, the more
important will the coal question become; and you feel that
everything here in Lancashire depends upon the coal, and if we
had no coal fields ncither should we have in Lancashire the
cotton industry, or the chemical industry, or the iron industry,
but we should have agricultural industry only. It is a matter,
therefore, for grave and earnest inquiry—How long will the coal
last #  So important is this question, that a Roval commission has
been appointed Yo report upon the question of the consumption of
coal. A very interesting book upon %his subject has been written
by a friend of mine, Professor Jevons, of Owens College. You
will find this important work in the Free Library, and it shows
most clearly how dependent we are upon our coal, and Professor
Jevons then discusges the question of how long will the coal last?

That diagram, whieh is suspended on the wall to my left hand,
shows the relative produce of coal, and the arca ofuthe coal fields
in varioug, countries of the world. The diagram has been lent tos
me by% Jevons. You will notice a large square of black at
the top. That indicates the quantity of coal raised in Great'
Britain iin one year—98 odd millions of tons. The other little.
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black squares, going down to the minutg square at the bottom,
indicate the quantities of coal raised in bther countries; so that
you see we are raising more than four times the quantity of coal
that is raised in any other country, and certainly more than twice
as much as every other country put together. Now it naturally
occurs to any one who is accustomed to reckoning, as I suppose
every Englishman is, to ask how much coal we have, and how
long our coal will last when we are expending it at this rate. Of
course, if a man has a certain number of shillings or pounds, and
he spends them quickly, he will soon come to the end; while
another man who has a great deal more money, and does not
spend it so quickly, will find it last longer. Now look at the
other side of that diagram, and you will sge gthat the quantity of
coal in the United States of America is enormously larger than
the quantity containcd in our. own country, while tif rate at
which they are expending their coal is at present much less than
the consumption of our own. We are burning ours at a great and
rapidly increasing Tate, and we have got but a gmall supply;
whereas America does not yet consume at the same rate, and has
a much larger supply. Of course nobody can say when qur copl
fields will be empty, but this much we know that the consumption
1s increasing at a rapid rate. We are raising and burning much
more coal than we did ten years ago, and we shall go on increasing
until the price of coal rcaches a certain peint, when our manufac-
turers will have to compcte with others who®get coal cheaper in
America and clsewhere ; so that, in a business point of view, it is
a very serious matter to consider whether anything can be done to
render that most 1inlucky time for England as distant as possible.

On the other diagram I have given you thc actual area and
number of tons of coal contained in Engiand and in other
countrles, with a comparison of their ratigs.

ESTIMATED AREAS OF COAL IN PRIfNCIPAL COUNTRIES.

Square Miles
of Coal.

‘U s L] <o Total.
nited States ............ceceeennss ve sresiernes ceeiensangnsssess. 196,650

British North America .. Oese | 200000
Great Britian ............o.. 5,400 e
France .......... . 984

Belgium ....cocevvneveiiennrennns 510

Rhenish Prussia ..... ........ 960
Waestphalia . 38 8,964
Bohemia .. e 400
lmaxony..... 30

Spain .......... . o 200

RUSSIZ 1iiveiiiiiiiiinriiinieeire e e ces st seseee e sessansneans 100

D



o9

ESTIMATED QUANTITIES OF COAL IN PRINCIPAL

COUNTRIES.
Average
Thickness. Tons,
. No. Feet.
Belgium .....cccovernenieremniotinnnnniiiennses seeeriaennns 60 36,000,000,000

N 60 §9,000,000,000
British Islands . 35 190, 000,000,000
Pennsylvania ..........coeveennes . 25  316,400,000,000
Great Appalachian Coalfield ..... 25 1,387,500,000,000
Indiang, Illinois, Western Kentucky ................. 25  1,277,500,000,000
Missouri, and Arkansas Basin ........... Geverosroonenans 10 739,000,000,000
North America (assumed thickness over an area of 20 4,000,000,000,000
200,000 square miles.)

RATIOS OF gS;l‘IMATED QUANTITIES OF COAL.

Amount.of coal in

Belgium, 36,000,000,000 tons . 3
France less than ................... 2
British Islands, rather more than . 5
Pennsylvania, a little less than .......ccccevvevviiriiiniiiniennennns 9
Appalachian, about ........ccoereiuiemiiiiiiiniecinnienniieeenreesenean 384
Indiana, Illinois, Western Kentucky .......o.covvrevierninicnennnnnens 354
@ Missouri and ATKansas ........cc..coeeeiienrieeernerssecseneeeracensenreneee 204
Entire Coalfields of North America .... 11I
sy ALl EU10PE....ccuiiiiiiiiinn it e e s e 8%

Taking theqguantity of coal in Belgium as 1, you will see that
in the Britismslaqu‘we have rather more than 5, whereas in the
one single coal field of the United States, called the Appalachian
coal field, the quantity is 38} times as much as in Belgium, and
the ertire coal fields of North America contain 111 times as much,
while all Europe has but 8} times as much. So that you see how
little coal we have in Europe, and how fast we consume it ; and
how much coal they have in America, and how comparatively
slow they are spending it. !
Another very important use of coal is to make coal gas. Here
we have an apparatus at work for making coal gas, and you see
we are burning the gas we have manufactured. This process of
coal gas making is one of great importance to us, more particularly
in the,winter, and we all felt much inconvenience, I did for one,
on being deprived of gas in my laboratory when the men in the
gas works struck. The gas is made by putting the coal into an
iron or brkck receptacle called a “retort,” where the coal is heated.
If the .coal were nothing but pure carbon, we should get no gas
out of it; but the most suitable qualities of coal for making gas,
such as the Wigan cannel, contains, as I have said, other sub-
stances, tfamely, hydrogen, oxygen, and nitrogen, and these sub-
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stances help to yield the gas. The jet of gas which we are making
here will probably burn throughout the evening. You see it burns
steadily and brightly, and it scems to be of rather a better quality
than even the excellent Manchester gas. Our little retort holds
about a couple of pounds of cannel coal, those in the public gas
works would hold many tons. The gas passes from the retort
into the tar well, where the tar is deposited, thence into the
atmospheric condensers, and thc lime purifier, and then info the
gasometer, where it is stored up *or use. [In order to illustrate
the process of gas making more fully, Professor Roscoe exhibited
a picture of a gas manufactory.] One of the substances, from which
the gas has to be purified is tar, another is ¢alled ammonia, and
another is water. Gas-tar was once a waste product, but it has ot
late years become useful and valuable. What do you think we
make from gas-tar now? Why, we make those splendid colours
which the ladies, and no doubt the gentlemen, so much admire,—
the mauves and magentas, as well as greens, blues, wolets, and
blacks. Not only are brilliant colours made from gas-tar, but
actually perfumes, as well as essences for flavouring cheap con- -
fectionery, such as essence of bitter almonds, fruit essences, &c.
Coal-gas is not a simple chemical substance, it is a mixture of a
variety of bodies, some of which are wanted, and some are not
wanted. One of those which is not wanted is called carbonic
acid, and another which has to be got rid of is su¥phuretted hydro-
gen, the substance which smells so peculiarly and disagreeably in
rotten eggs. To get rid of these things the gas is passed thrgugh
line. There is another substance in the gas, which is also found
in coal mines, and is there called “fire damp,” not that it is
damp, or has anything to do with water, ‘“Damp” is a word of
German otigin, and means air or gas. This fire-air or fire-damp
sometimes explodes in the coal measures with fearful and fatal
violence. It is, therefore, important to understand its nature,
especially 1n a district where these accidents are only too common.
It is very important that everybody, and especially those who.
work in coal mines, should be acquainted with the few scientific
principles upon which the explosive nature of the fire-damp
depends. If you go into a coal mine and ask the men if there is
any fire-damp in the mine, they would not know gvhat you meant ;
but they would say there was some “sulphur” up in a corner
somewhere. They call the fire-damp sulphur, but there is no sul-
phur in it, it i nothing but carbon and hydrogen ; they give it the
name of sulphur because it burns with a bluish flame. This shows
\ how ignorant the mjiners are of chemical science, and accidents
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often happen from the want of this scientific knowledge. What
is the cause of these explosions in coal mines? It is simply this,
that the coal-gas or fire-damp gets mixed with air, and it then
forms an explosive gas. That this is the case I can easily show
you. I will make a small explosion of coal-gas, because coal-gas
and fire-damp are nearly of the same composition. When carbon is
burnt, carbonic acid is produced ; therefore you will have no diffi-
culty in seeing that when this coal-gas is burnt in air, carbonic
acid must be produced. You will remember, I am sure, the
effects of this acid upon the unfortunate miner. The men who
are in the mine when an explosion occurs from fire-damp, even if
they escape being burnt to death by the fire, are almost sure to be
suffocated by the “ choke-damp,” or carbonic acid gas, which is
produced by the burning of the carbon of the coalgas or fire-
damp. I will show you first that we can get an explosion when
we mix afittle gas with air. [The gas exploded harmlessly in the
open glass vessel | Professor Roscoe then introduced a lighted
candle into the vessel, and the light was soon extinguished. Like
the flame of the candle, the life-flame of the miner goes out in
this deadlygas. [A bladder filled with the explosive mixture wus
then fired by the clectric spark ; the explosion was like the noise
of a cannon, and of coursc the bladder was blown into ribands. ]

Therc is one other important thing to be noticed, and that is
the Davy safety-lamp. What is the principle upon which Sir
Humphrey Davy made his lamp, so as to enable the men to go
with safety into the most explosive gas? The principle is a very
simple one ; it is that flame cannot pass through a common piece
of wire gauze. Here we have a piece of ofdinary wire gauze, such
as is used for making wire blinds, and you see that the flame can-
not pass through it. Now, imagine this bound round, with a lamp
inside, and that is the Davy safety-lamp (exhibiting one). The
light burns inside the lamp, the gauze being no obstacle to. the
ingress of the air, but the flame cannot pass through, and the tem-
perature is not sufficiently high on the outside to ignite any explo-
sive mixture. Let me show you that this is the case. I will
insert this lamp into some vapour of ether, which is very inflam-
mable, but it does not ignite, whereas the moment I insert a bit
of lighted paper into the ether it takes fire and burns with a large
flame. No doubt this safety-lamp invented by Sir Humphrey
Davy has saved a great number of lives, and would save more if
the volliers were more careful, but they become negligent from
being_exposed to danger daily. Sometimes a collier will unscrew
the top of his lamp ir order to light his pipe, and the consequence’
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is that not only is the unfortunate man himself killed, but he is the
cauwse of the death of many others. In many mines the Davy
lamps are padlocked, so that the miners cannot unscrew the top,
Then they sometimes take lucifer matches down, and on sttiking
one of them for the same purpose, there may be another dreadful
explosion, The force of this gas I have shown you by an experi-
ment; but imagine this room, or a space twenty times as large,
filled with the same explosive gas, and you may form some idea
of the tremendous force of these most terrific explosions.

There is only one other subject I want to speak about, and that
is the beautiful colours derived from coal-tar. There is in the tar
a singular and important substance to which chemists have given
the name of ¢ benzole,” from which, after repeated experiments,
these splendid colours have been obtained. I will show you the
formation of one of these fine colours in thisPvase of water. I
have here some of the substancls from which these colgurs are
made,—two colourless liquids, and if I pour a few drops of each
into the vase of water, you will see what a powerful colour will be
imparted to the water*in a few minutes. I can make it as dark as
I please. This is the colour called *magenta,” which®is valuable
for dyeing purposes. I can also dye this pieee of wool with the
magenta colour. Thus, then, we have a second example of the
use to which these waste products are converted by the aid of
science. From hydro-chloric acid we get bleaching powder, to
make our calicoes white ; and from coal-tar,we get these splendid
colours for dyeing our calicoes, woollens, and sjlks.

In conclusion, I have only to say that I have been much
pleased with the attention of my audiences, and I hope that the
facts and illustrations which I have brought forward wild have
induced in your minds an interest in the science of chemistry, and
a desire to pursue its study further. I have to state that Dr.
Alcock Wil say a few words about his lectyres on Zoology which
he has kindly undertaken to deliver here, commencing on Wed-
nesday next.

- Dr. ArLcock said he was gure they all regretted that Professor
Roscoe’s Lectures were finished. They must have learnt from them
a great many facts in illustration of the laws of nature and the
application of them to scientific purposes. Professor Rossoe had
given them in a simple manner those illustrations of the advance-
ment of science which would have been gladly received by the
wisest men of any past age, but they weré beyond their reach.
In this age science was within the reach of everyone. It would
be a disadvantage to him to follow Professor Roscoe, but he
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should do his best to interest his auditors. His subject would be
Zoology, or a knowledge of the animal kingdom. Four .ectures
would ¥)e given, one being devoted to each of four plans upon
which animals were formed ; and these four plans would lead to a
comprehension of the fifth plan, after which man himself was
made. These lectures would also lead to a better understanding
of Dr. Morgan’s' lectures on Physiology, which were to follow.
Dr. Alcock added that his first lecture would be about animals,
that were made of nothing but soft jelly, and had no organ of
any kind, and he should show what they did, what they were like,
and how great was their influence 'in the world.

On the motion of a Working-man, who said he had come a
considerable distance to attend these lectures, thanks wers most
cordially voted to Professor Roscoe for the pains he had taken in
elucidatirg the science of chemistry, and the pleasing manner in
which he had imparted his knowledge.

PROFESSOR ROSCOE, in reply, said he was rewarded by thein
attention, and by the manifest interest which 'had been created in
the study of'the science to which he devoted himself,



ZOOLOGY,

OR

FOUR PLANS OF ANIMAL CREATION.

——

) LECTURE L
. [
FIRST PLAN.—JELLY-LIKE ANIMALS—LIFE WITs0UT
ORGANS. *

INTRODUCTION. — General view of the mineral world; nature of
mineral substances. Wate, and air the two elements in which living
beings can exist.—No life without water. Livir.xg beings are either
Plants or Animals. Nature of living beings—what they are made ofy
and how they differ from lifeless mineral substances. Characters of a
Plant. Characters of an Animal.

Several plans of the Animal Creation. First Plan.—Body of the
Animal made of nothing but soft jelly. Pﬂammes of such animals,
Amceba or Proteus Animalcule, Actinophrys or Sun Animalcule, both
common in ponds and ditches ; description of each, habits gf life;
feeding, without mouth or stomach ; digestion of the fcod. Foramini-
fera are sea creatures of a similar kind bit covered with a shell.
Descripaon of the animal and its shell ; meaning of the name Forami-
nifera. Endless variety of beautiful forms. Growth and manner of
formation and cherical composition of the shell. Countless multitudes
of them—the sand of the sea-aﬁore, in some places, little else besides
their empty shells. Bed of the ocean covered with them in many
parts to a great depth. Chalk rocks composed of them. Grea® effects
produced by what appear at first sight trifling causes. Nothing insig-
nificant in Nature. Sponges, the soft living part and the skeleton.
Many kinds differing in the structure of the skeleton—Commercial
sponge. Other kinds not fit for household use. Infusoria or Water
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Animalcules ; meaning of the name. Stagnant water full of them,
Description. Many kinds. Bell Animalcule. Trumpet Ani-
malcule. Use of these creatures in the economy of Nature. Life
without organs. What is meant by organisation ? Life a cause
of organisation, but not a consequence of it.

-

Dr. Arcock said, My friends, if a man ever finds time to look
up from his work, he may see that there is around him a won-
derful creation, in gvery part of which there is motion and change,
and every change is an advance towards something more perfect.
These cBanges take place with such order and regularity, that most
people do not see that anything is happening; it is only when
you look closely into nature that you find all is activity, and there
1s nothing like stagnation anywhere. You had illustrations given
in the lectures by Professor Roscoe that these changes which are
flways going on occur in perfect order, so that under the same
circumstances the same thing always happens, and this is so
strictly theiﬁase that they are said to be illustrations of natural
law. Now these natural laws are of the greatest importance for
us to understand. I.am sure that yon believe this so far as
chemistry is concurne® for you have seen that we are able to
make substances of great commercial value by taking advantage
of thgse laws, and that the want of full knowledge of them
may cause people to suffer greatly from injurious things, as from
waste hydro-chloric acid, until it was got rid of in the formation of
bleaching powders. I merely mention this to show that you are
already acquainted with the importance of a knowledge of'natural
law. With regard to life in connection with external circumstances,
I shall not be able to show you so clearly the importance of a
knowledge of the laws regulating these things; but I think I can
convince you of their importance by simply telling you what you
know very well,—that your life and health are the most valuable
things'you possess; anything, therefore, which will assist you to
understand the laws which govern life and health in connection
with external circumstances must be of the greatest value.

Supposing a man becomes alive to what is going on around
him, he will take a wide and extended view of this world upon
which’we are placed, and will see that it is a great round mass of
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solid substance hanging free in the heavens; and, if seen from a
distance, shining like a star. [ will show you upon the screen a
photograph of the moon, which will give you an idea of what will
be the appearance of our earth if seen through a telescope from
some other planet. I show you the moon, because with every
desire to satisfy me and you, Mr. Brothers was not able to fix his
camera upon any place where he could photograph the earth.
You will see it is a great round ball of solid substance,
made uneven by mountains and valleys. If it were the
carth we should have upon §t, in addition, a great body
of water, forming our oceans and seas, and above that there
would be a layer of gaseous matter, which we call the air or
atmosphere. We have on our carth, then, illustrations on a large
scale of the three states in whigh material ®substances can exist,
namely, the solid, the liquid, and the gaseous state. Nowythough
I cannot show you a true portrait of the earth, I will give you a
picture of its shadow from which you may see that it is rcally
globular. I will show yo 1 a photograph of an eclipse of the moon
where the shadow of the earth cuts off a portion of th® full moon,
and this shadow, as you may see, is cast by a round body.

Let us now consider the solid material of the earth for #
moment. The solid substance of which the earth is foimed has a
very uneven surface ; in some places it rises high into mountains,
and in others there are deep hollows. You have here represented a
portionof the earth’s surface, taken from Shetlandy a bleak, inclement
sort of place. This is an example of the solid crust of the earth,
without anything further ; it is what I may call the bare bones of
the earth, consisting of rock, and this is the floor upon which all
living things have to exist. We should bear in mind that there
are magy arrangements in connection with the earth, taken as a
whole, which are essential to the existence of living beings. In
the first place the earth turns round the sun once a year, and in
that way gets that regular and constant sapply of light and heat
which is necessary to all life. « Then the earth turnsround upon its
own centre once in twenty-four hours, giving us the alternations of
day and night, an arrangement equally necessary for life and
health. Then again there is one thing in the position of the earth
which you will have noticed, it is that the axis upon which it turns,
instead of being upright, slants a little ; you might almost suppose
it happened by chance, but it is that slanting of the axis of the
earth which gives us the varied seasons of the year, and in all pro-
bability the very existence of life upon the earth; for if the earth
were perpendicular, all the central parts would get roasted by the
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sun's heat, and be intolerably hot, while the remainder would be
eternally frozen and unbearably cold. The probability, is, then
that if the earth instead of being tilted was straight up, there would
not be a living thing upon its surface.

I have told you there is a great deal of water upon the earth, in
the oceans which occupy so large a part of its surface. But the
water does not remain in the sea. I told you that there is a
gaseous atmosphere surrounding the earth, and it is a property of
water.that it is continually rising into this atmosphere, and satu-
rating the air until it collects in the form of drops, through being
made colder in the upper regions, when it falls down in showers,
keeping the whole of the earth’s surface moist. I show you here
a view of glaciers, in the Alps. You sce at the tops of those
mountains what enormous masses there are of frozen water, every
particle ‘of which has been conveyed up in a state of vapour into the
higher regions of the air, and has then fallen in the shape of snow.
In most cases when the cold is not so great, the water runs down
in streams gnd rivers, fertilizing the earth’s surface, and making it
possible for things to live upon the land. Now water and air form
{hc two elements in' which living things can exist. Water is essen-

ial to all hife ; and even those animals and plants which live upon

dry land, ag we call it, still deperid upon water for their cxistence.
They derive all their food either directly or indirectly from sub-
stances which are naturally dissolved in water, and their bodies are
built up in watery- so ¥hat even the driest looking creatures are
always saturated with it.

Living things are either plants or animals, and I shall have to
tell you how to distinguish between the two.

This picture represent a plant and an animal—it is a bull
standing under an oak tree—and you can readily tell which is the
plant and which is the animal ; but those who have studfed this
matter most closely, have found great difficulty sometimes in
clearly distinguishing plants from animals ; not, of course, in such
a case as this, but when their characters are of a much more
indefinite nature. I shall show you now a water object, arach-
noidiscus, and you will see what the nature of this difficulty is,for
you will be unable to say whether it is plant or animal. The dis-
tinction between a bull and an oak is clear enough, and if I had
to tell you in what they differ, I might say that the bull contains
a quantity of muscle and nerve substance, and that the tree does
not; no vegetable contains muscle and nerve ; but then a great
many, animals that are low in the scale are equally without them.
This water, object is a living thing, and it will serve to illustrate
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the characters by which living things, whether animal or vegetable,
are distinguished from mineral substances. It springs from a
germ which requires parents similar to itself for its production,
and that germ has the power of unfolding, and at the same time
enlarging and drawing into itself materials from outside, and
building them up into the form peculiar to itself. Every living
thing is composed of three or four gaseous elements—carbon,
oxygen, hydrogen, and nitrogen; sometimes the nitrogen is
omitted. To these a fcw other substances are often addedy such
as salts of lime, soda, potash, an¥ small quantities of sulphur and
phosphorus.  Living things exist only for a time, during which
they pass through a set of progressive changes; they grow till
they reach their full size and perfection ; thep gheir powers begin
to decline, and at last they die, gnd the materials of their bodies
disperse ; but before this happens they produce germd) which
grow into ncw living forms like themselves.

Now for the distinction between a plant and an animal.  Plants
derive all the materials of which they are composed from the
mineral world, and take it in by their roots and their general sur-
face in a state of solution. The food of plants is carbonic acidg
ammonia, and water. Plants continue to grow as long as they
live, for they are constantly adding new material to their substance,
while most of that which is once deposited is retained. The duty of
plants is to convert mineral matter into compounds, suitable for the
food of animals, and to store it up for their'use.® ‘The chief part ot
their substance is composed of compounds of carbon, hydrogen,
and oxygen united together. Animals have all parts of their body
sensitive, and capable of contraction and movement, every part
is constantly active, and this activity causes waste of all the struc-
tures of the body, which require to be continually repaired by
fresh material. Animals grow only for a certain time, after which,
though they continue to take in food, all of it goes to replace
wasted and worn-out material. The food @f animals always con-
sists of substances which havesbeen already compounded as parts
of living bodies, either animal or vegetable, and it is re-
ceived into the interior of the body through an’ opening on the
surface. It is then digested and conveyed to all parts to nburish
them.

The composition of animal bodies is carbon, oxygen, hydrogen,
and nitrogen, four elements combined together; whereas there are
only three in plants generally speaking. The surface of the bodies,
of animals is also sensitive, so that they can feel external impres.
sions, and often they have, in addition, the serises of sight, hearing,
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and taste, but not always. Those are the distinctions between
plants and animals.

I intend in these lectures to give you a description of four of
the plans upon which animals are formed. The first is the one I
shall speak of to-night ; it is a plan without a plan, for the
body in this case is a mere mass of jelly without any structure or
form in it. The second plan, which I shall spcak of next week, is
the radiate plan, as you see it in the common star fish. You have
this plan architecturally in the model prison, with the governor’s
house in the centre, and the wards branching out hike rays. The
third plan is the locomotive plan, which you may compare with a
railway train, consisting of a number of similar pieces set end to
end in a row, asin a worm or a centipede. The fourth and last
plan is what we may’ call the soup-kitchen plan, such as you have
in the mgollusca or shellfish, where the digestive and secreting
organs take the first place, and everything else 1s made of secondary
importance.

To-night T have to explain the jclly plan, where there is no
distinct plart at all; but life is contained in something that is
almost without form, The body of the anmmal in thls case is
tuthing but a little spot of soft jelly, and might be compared to
a drop of thip gum water. You have plenty of examples of such
anmals, and I shall show you some of them on the screen. They
are very common in all stagnant water. I have chosen for my
illustrations one whicl! is named amceba, or the protcus animal-
cule—so called, because it is always changing its form, and you
never see it alike two moments together ; and the actinophrys, ot
sun arimalcule, because it has rays like the sun. First, with
regard to this amceba, it is very common in stagnant water where
there is a good deal of decaying vegetation. If you look at it
under the microscope, you will see that it soon begins to push out
some part of its jelly-like body like a great broad fingcr, then the
rest of the body seems to flow into that projecting part, and so by
and by the whole body moves to that place. Somerimes the
projecticn comes out’ in another ‘part; sometimes five or six
projections stand out at once; so it is always changing its form.
As yop see it on the screen, you have a fair idea of what it is
like ; on the outside of it there is a thin Jark line representing
the surface, and then rather a firmer layer of jelly before getting
to the inside. The surface layer of the jelly is a litte thicker
tha:, the rest. .The way in which this creature takes its food is to
walk ngo it wherever it meets with it, for it no sooner comes into
contac} with any partjcles of deca.ymg vegetable or animal matter
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than the jelly spreads over those particles, and encloses them in
the body, where they are digested as if the creature had a proper
mouth and stomach. The actinophrys does just the same, only
instead of moving about it generally remains still, spreads out its
long rays like a spider’s web, and catches anything which touches
the threads. The actinophrys, also, is found in stagnant waters.
It is able to catch very active living things. If one of these active
creatures, such as a small wateg flea, touches one of the rays of the
actinophrys, it is stopped in a moment; you then sce it slide
down until it touches the body, it sinks into the jelly until it is
covered over and is buried inside. In both these cases you see
that the food is taken in. without a moutheare digested without a
stomach. This is digestionn M its simplest form. You can see,
the whole process of the solution and absorption of th& food, and
its diffusion through the body. These creatures can be found
in almost any ditch in o.1r own neighbourhood.

I now have to speak of creatures like these, bute found in the
sca. They are called foraminifera, and I have represented one
upon the screen.  You will see that long threads project from ghe
body of these foraminifera, as they did from the actinophrys
or sun animalcule ; but there is a peculiarity here, and it is that
the body is covered with a Dbeautiful shell. ‘[he animal is com-
posed of nothing but soft jelly ; there afe no organs or parts in
it. It puts out long threads of its own substance (soft jelly) in all
dircctions, and they arc so soft that wherever two of the threads |
touch they blend, and so you have a sort of irregular net work
foimed round the animal. This net work is spread ouf to catch
its food, and whatever touches the net is drawn into the body and
diss@lved for nourishment. The shells of these creatures are of
all manner of beautiful shapes, and it is wonderful that this soft
jelly can produce such regular forms, ‘The shell is made of
carbonate of lime, which_is derived from the sea water and it is
deposited by the animal.” To do this the jelly must form itself
igto a regular shape; it may be the shape of a bottle or some
other shape, such as those you sce on the screen, and it must
remain stationary, acting as a mould while the carbonfte of lime
crystalizes, as it were, over the surface. In that way the creature
gets a covering of shell from lime derived from the sea water.
You will notice in some of those cases that the shell does not
consist of one chamber only, but of many. These foraminifera
grow with the nourishment they take in, and to accommodate
themselves they now and then add a fresh apartment to their
house. They begin with a little chamber, and add the others, one
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by one, as they grow bigger. You will see that this mode of
formation of the shell is necessary, because it is formed upon the
surface of the animal, which makes itself a mould for the shell;
so that as soon as ever the shell is made the animal is big enough
to fill it, and it no sooner grows than its house becomes too small,
the additional soft jelly is then spread on the outside of the shell
until there is enough of it to fill a new chamber. Thus the forami-
nifera grow by feeding and adding new rooms to their house as
requiréd, and in that way beautWul many-chambered shells are
formed, some of them like the nautilus shell. The pictures I show
of these shells will give you some idea of the variety and beauty
of their shapes. The name foraminifera has been given to them
because of the marfy léttle holes or foramina with which the shells
are perfogated. N

These foraminifera exist in prodigious numbers in the sea.
They are quite microscopical things. In many places the sand of
the sea-shore is scarcely anything else but these shells, and you
would trample it under foot without suspecting the thousand forms
of beauty it contained. All those little atoms werc once inhabited
bg living things, which have prcduced those beautiful forms.
There is ongyplace on the West Coast of Ireland, from which I
have received quantities of these shells, and the whole of the sea-
shore is composed of ngthing but these remains of foraminifera.
At that spot you may walk for miles upon them, and at every step
would trample upon thousands. Not only the sea-shore, but the
whole bed of the ocean is in many parts formed of them. The
bed of the Atlantic forinstance, all the way where deep-sea soundings
took place in preparation for laying the telegraphs, is filled with
these minute shells, which exist at the bottom of the sea in the
form of a white paste, like soft chalk, many of the shells being
broken up by the action of the water. It is a fact that the chalk
rocks, which in some places are very extensive, are composed
almost entirely of these foraminifera. , Not only chalk rocks, but
many other geological formations, including different kinds of clay,
often contain immense numbers of these shells of foraminitera ;
and therg is every probability that many kinds of limestone are
formed chiefly of their remains. Limestone of difterent kinds
is of the greatest value to us, in a commercial point of view; we
use it for building-storfe, for mortar, and for many other purposes,
and it is-well to remember that all this stone is in great part the
product df these apparently insignificant creatures. The next
picture r presents a piece of beautitul marble statuary, and I have
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exhibited it as an example of one of the highest purposes which
limestone is made to serve. Marble is limestone in a crystalline
form. Some of our marbles, like that of Derbyshire, are formed
from the remains of larger kinds of fossil animals, giving to it when
polished, its peculiar markings. Other marbles consist of crystal-
lized limestone,” altered since its first formation, so that the
animals to which it owes its origin can no longer be recognised,
and of this kind the pure white marble used for statuary lS an
example.

You see in an example like this to what important uses little
things are turned in nature. Do not think that the work is
done when life is ended. These creatures lived perhaps millions
of years ago, and dicd, and there it might appemr was an end of
them. They sank to the bottoms of the sea, and if any man had
seen them he might naturally suppose that all was over with them,
but they were then beginning to form this limestone in the bed of
the sea. Changes hgve taken place since, and that stone, having
become hardened, is now one of our most useful substances. We
may learn then from this that there is nothing insignificant in nature ;
there is nothing so small that we should overlook it. The largg
things that we notice first are few in number comparatively; and
their influence is comparatively small, it is the little things that we
can scarcely see that by their prodigious numbers really produce
the greatest effects. This is the case witlt the little creatures of
which I have been speaking, the numbers of®which are so im-
mense that they have produced perhaps greater effects upon our
globe than any other living beings.

I must now say a few words about sponge, with the appearanc:
of which you are well acquainted in its commercial form. There
are magy kinds of sponge, but only a few that are useful to us.
What you know as sponge is the skeleton ; it consists of a horny
substance forming a fine network which is very elastic, so that if
you squeeze it, it springs open, as soon as you let it go, and if put
1nto water, it sucks the water LD until the sponge is filled ; hence its
use. The sponge when in a living state, was a collection of little ani-
mals like the amceba, and these little animals, growing in a large
company, have the power of forming within them a frameworR, upon
which they are supported, so that they can live together as a colony
There are some sets of these small animalssin the sponge with
little tails, and these tails or filaments are always moving in a
particular manner, which draws water through small holes on the
surface of the sponge, and this water after passing through all
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parts comes out again in streams from a few larger openings pro-
vided for the purpose. In drawing in the water in this way,
the sponge animals draw in at the same time the little living
creatures in the water, and so get their nourishment. Many
sponges are not useful for household purposes, because,
besides the horny substance, their network contains a great
number of spicules made of carbonate of lime or of flint, but
these form beautiful objects for examination under the microscope.

I shall next pass on to the infusoria, or water animalcules,
which exist in enormous numbers in every stagnant pool. They are
called infusoria for this rcason—if you make an infusion of tea, hay,
and any other vggetable matter, that is, pour boiling water upon
it, after letting it stdnd for a few days, you will find the infusion full
of livigg things. If you take a drop of it, you will find it to contain
thousands of these little creatures swimming about. There are a
a grcat many different kinds of them, some larger and some
smaller; those you get by infusion at first are very small, and
called monads. I shall show you a diagram of one of the larger
kinds. You will (perceive that this animal is very much like the
amceba in its general character. It has rather a firm outside
coating, amd thc inside is of soft jelly, but the body has
a thin skin, and is covered on the surface by hairs.
In one part of the body there is a sort of funnellike
opening, and that is the mouth. These infusoria have a
mouth, and in that they differ from the creatures I spoke of
before ; they are considered, in consequence of this mouth, to be
a gbod deal higher in the scale of animal life. The mouth
is surrounded by hairs as well as the body covered by them, and
the hairs continually vibrate. By the motion of the hairs on the
body, these creatures can swim rapidly through the water, and by
the motion of the hairs about the mouth they draw water into the
fuunel, and along with it the little creatures that serve them as food.
They go in through that funnel tg the bottom, drop into the soft
jelly, and there become digested as in the amceba. That is the
general character of all the infusoria, There are many beautiful
fornss of them which can be seen with a microscope. I will
show diagrams of two forms in order that you may have some
idea of what thcy are lhke. Many of them are shaped like
beautiful little bélls, and some of them grow together on stalks
like lily of the valley flowers ; these stalks are attached to water
plants. “The drawings I show are of course greatly magnified.
The btH animalcules are most beautiful objects to watch under
the microscope; they take their food in the manner before
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described ; sometimes a larger piece than usual goes into the
mouth of one of them and seems to choke it; suddenly it shuts
up, and it is pretty to see how all the other little bells on the
same stalk sympathise with it, and shrink up their flowers, the
stalks at the same time contracting and twisting into a corkscrew
shape, so that what was before a large spray of beautiful flowers
becomes a close bunch of shut up buds. After a time they
gradually unfold themselves, the bells open out, the hairs vibrate,
and the streams of water enter as before. The lower pxcture
represents the trumpet animalcult, so called because it looks like
a trumpet. The character is the same as that of the others, but
there is no slender stalk, the body itself being fixed to some solid
substance. It is very intercsting to watch thegge creatures, and
you can see a great portion of thegjr mode of life by watching them
for half an hour now and then. Sometimes you may sec tha? one of
the bells is beginning to split down the middle and form into two.
After a time, one of the two will break off and swim through the
water as a free and separate creature, and in that way thgy multiply
to a great extent.

Now, what is the use of all these infusota -which fill oury
stagnant pools? I think their use is clear enough. They are
found where there is vegetable matter in a state of decay, and
which would soon make all the water putrid and bad, so that it
would become very unhealthy and disagreeable, if not actually
poisonous. See hcre, again, how these little thiwgs—which are so
small that we have to use a powerful microscope to see them—
keep the whole earth sweet by their countless numbers, and their
constant consumption of decaying organic matters.

Now in this lecture T have shown you creatures which illustrate
my text .of Life without organs. I have shown you that these
microscopic jelly-like beings are alive. We can see that they
have life in them, but we cannot tell how or why it is so. This
shows you a very important fact to remember—that life does not
depend upon organs such as w: have; it does not depend upon
stomach, bones, muscle, and Dbrain, excepting where the life is of
a high order, where it becomes necessary there should be a division
of labour, one part of the body performing one duty, and afother
part another duty ; but it is not necessary for the presence of life
that the body should be divided into organs.

I may say one word about organisation and what is meant by it.
An organisation is a bcdy formed of organs, and an organ is a
structure having a distinct or proper duty or function to perform,
which it does for the good of all the remaining organs in the body.
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It is a case of division of labour. All animals are generally said
to be organized; I have shown you that these lowest are pot
organized, in the sense of possessing organs ; and there are
many things organized besides animals. A steam engine is
an organization, for each part of it has a distinct function
to perform, and does it in connection with all the rest,
just as is the case with the different organs of a man’s body. Do
not confound organization with life.  Life can exist without organ-
izatibn, and organization can exist without life ; but wherever you
have life of a high order, there you have organization, because you
require a division of labour in the body in order that it shall
rightly perform its functions.

In conclusion$#I yvill show you a drop of water from a pond
with sgme live things in it ; but first I would explain that the water
you drink has nothing of this kind in it at all; they are only found
where there is decaying animal or vegetable matter, and they are
there because their business is to eat it. You see they are very
active abeut their work of eating up the dirt, and you have a
proof how well they perform their duty in the fact that if you have
an aquarium, and keep the water in it for months in the house, it
does not gmell, because these active creaturcs are continually
eating up the decaying matters, and keeping it fresh and sweet.
I believe I am telling nothing but the simple truth, when I say
that the possibility 6f the existence of higher forms of life upon
the earth depefids very much upon these microscopic beings
which keep the waters pure.
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FOUR PLANS OF ANIMAL CREATION.
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LECTURE 1II.
SECOND PLAN.—S'L_'AR-SHAPED ANINAS—STOMACH.

L ]

RADIATE plan of structure. Body consists of repetitions ot! similr
parts arranged round the mouth and stomach. Fresh-water Hydra,
common in ponds Descripiion. It uses its arms or rays like a
fishing-rod and line to take food. Means by which it secures its prey.
Produces young oncs by buds growing out from® the body.—Maring
Zoophytes, common on all shores. Plant-like compound animal.
Resembles a large colony ot Hydras, remaining attached to one
another and having the surface of their bodjes hard and horny.—
Jelly-fishes ; must be seen swimming in the watersto be understood.
Description. Small quantity of animal matter contained in them.
Stinging organs; their structure and use.—Sea Anemones cogmon
on all rocky or stony shores. Description; structure, stomach
contained within the cavity of the body.—Sea Anemones at Fleet-
wood, Blackpool, Llandudno, and Beaumaris, Madrepore; com-
pound Anpemones, with their bodies strengthened by deposits of
carbonate of lime. Coral Reefs. Gorgonia, Red Coral.—Starfish ;
description, body extending in tays around the mouth. Nature of
locomotive organs. Habits and food. The Starfish a walking
stomach, Many kinds of them, Sand Stars, Brittle Stars. Dradging
in the Mecnai Straits. Brittle-stars breaking off their arms. Vege-
tative repetition of parts a sign of low organisajion. Lost parts ot
Star-fish grow again—Sca Urchin. Description, Habits and food.
lts locomotive organs; spines and suckers. Pedicellarie, singular
organs to drive away parasites. Mouth and teeth of Sea Urchin.
Digestive organs.—Conclusion.
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You remember that towards the end of my last lecture, I told
you about the infusoria, and I showed you that they have a moutH,
though all the interior of their body is soft jelly. In animals made
on the radiate plan, such as I have to speak of to-night, there is a
stomach as well as a mouth, and this stomach is clearly 2 matter of
great importance in them. It is a chamber or hollow in which the
food is received to be digested, and the liquid nutriment which
results from digestion passes through these walls, and is then dis-
tributed through all parts of the Body. The common starfish will
give you a good idea of the plan of structure of a radiate animal.
The mouth and the stomach are in the centre, and round these
are arranged all We pther parts of the body, and thcy stand out
like rays in all directions. You may {ggm a pretty correct notion
of the manner of life of these animals if you have scen a lot of
boys about a bonfire. You have seen that the boys stand round
the fire in a ring, and go as ncar to it as they dare, in order to get
equal shares of the fire and the fun ; then, if'you watch them for a
time, you will see that first one and then another of them will
be collecting fresh “fuel, and throwing it on, so as to keep up the
blaze. ThigJs just the use of the projecting parts of a starfish, or
other radiateanimal; they are servants of the stomach, and they
are continually secking articles of food, to be put into the mouth.
Now, the first radiate animal that I shall show you to-night
is one which is £ommon in the pords in this neighbourhood,
and it is called the fresh-water hydra. I shall show you one
on the screen. Mr. Brothers has been kind enough to obtain
the specimen for me, and put it in a suitable slide for showing
upon the screen with the lantern. There are several kinds of
fresh-water hydca, which are distinguished by their colour; some
of them being green, and others of a brownish colour, artl by the
length of their arms, one kmd being remarkable for having very
long arms. This which I show is one with arms of an inter-
mediate length. Though they are eommon enough, not many of
you probably have had an opportunity of seeing them. It now
begins to lengthen ‘itself.  You will see that the creature is
formed with a rather slender body, and that from one end of this
body proceed a number of rays or arms. These arms have the
power of lengtheping themsclves, so that they become quite
slender threads. | In this case you have a young one growing from
the body of the larger hydra; it may be seen standing out like a
bud from, the side of a plant. These hydras all through the sum-
mer produce young ones in thisway. At first they are very small,
and have*no particular form in them; but as they grow larger
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their little arms or rays spring out from the end, and after a time
they take the perfect form of the hydra, but are still attached to
the parent; as soon, however, as they become perfect animals, they
separate from the parent, and begin ljfe on their own account.
You see in this specimen the arms are very broadly spread out in
a ray-like form from one end of the animal. The centre of these
rays is the mouth, and in the inside of the body is excavated a
cavity, which is the stomach.

The hydra is a fishing animal, and its rays serve it for red and
line. Whatever little swimming creature touches one of these
rays is instantly caught ; then you will find that the ray shrinks up,
carrying its prey along with it, until the object caught is conveyed
close up to the mouth, an&i)t ts then pusheq irn#o the cavity of the
stomach. There is one ¥nd of hydra occasionally met with in
this neighbourhood, but not so commonly as the one I have
shown, which has very long arms; the body is about three-quarters
of an inch long, gnd tle arms are four inches or more in
length, It is called hydra fusca. This creature wses its rays
so exactly like a rod and ling, that [ have often thought an ardent
angler might find excellent sport by watching these hydras gt
home, when the weather or other circumstances prevented him from
using the rod and line for himself. They do their fishing, really,
in a most scientific manner, 1f you watch these animals feeding,
you will very naturally wonder how it happens that active little
swimming creatures should be so instantly caught by those delicate
threads of the hydra. Whatever part of the thread is touched by
one of these creatures it instantly sticks there. Now, you must
remember that thesc rays are not made of soft jelly, as was the
case with the animals I spoke of last week. They arc pretty firm
in their substance, and if you magnify them very greatly, you find
how it is that they catch their prey. You find then that there is a
very curious mechamsm for the purpose. These slender rays
.which serve for fishing lines, are covered all the way down with
little cells or bags, cach hving inside of it a long, stiff, spiral
thread, and these spiral threads in the cells are kept sct like so
many traps, and they are no sooner touched than they go off; out
shoots the spiral thread, and wraps round and entangles the prey,
draws it closely up against the arm of the hydra, and at the same
time presses it upon some little spikes that stand out from each of
the cells, and in this way, the object caught is securely fixed.
These hydras are really very interesting little creatures, and they
have served for a great number of curious experiments. You may
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take a hydra, for instance, like one of those you see on the screen,
and cut 1t up into little bits, and it is found that every one of these
bits will not only live, but after a time will grow into a perfect
and complete hydra, having rays at one end, and a sucker at the
other. The sucker is intended for the animal to fix itself upon
any object, for the purpose of fishing conveniently. If, then, you
happen to have only one hydra, and wish to have many, you have
only to cut him up, and you may make as many as you pleasc.
You Have seen in the specimen shown on the screcn, that the
hydra produces young by buds growing out from its body. These
continue to grow until they get to a tolcrable size, and when fully
able to work for their living, they break off from the parent, and
set up in the busimess of fishing on their own accoung In this
way, by the production of buds, the l'&ras continue to multiply
all through the summer, but towards winter they produce young
ones by eggs, which remain until spring, when they are hatched,
and so continue the race. .

The sca contains immense numbers of creatures nearly related
to the fresh-water hydra; those which are most noticed by people
who go to the scaside, are the horny zoophytes. These horny
zoophytes—ong of which I can show you on the screen—are
objects which You may see tumbled about by the tide on any shore,
and they are very much like plants. They are of a pale yellow
colour, of a horny texture, and are very much divided into slender
stems and brancheS. What you thus find on the shore are the
skeletons and remains of the outside part of large colonies of
hydra-like creatures, which form buds in the same way as the
fresh-water hydra, but these buds, instead of breaking away when
fully formed, remain attached to the parent, and so a large colony
of compound animals is forined. The object nearest tosme on
the screen is a little twig from the top of one of these horny.
zoophytes. At the extreme points of the twig you will see a litﬂ\ .
flower-like dbject, similar to the rays of the fresh-water hydra.
I'hese are the rays which surrouné one of the mouths of thiy
zoophyte, and beyond the mouth is a small stomach. They grow
in great numbers together, and are connected by the stems, all
along which you have hollow tubes which are filled with the nutri-
ent material from all the stomachs of these animals that are thus
growing together; amd they form a sort of co-operative store, to
which all conttibute their share, and from which all can take what
they require. ‘These plant-like, compound animals are very com-
mon upo: 4l our shores. You may find plenty of them at South-
port, anil ‘'on the sands at Lytham. At Beaumaris you may see
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these objects living and attached to the rocks and stones, where
they naturally grow; and you could not have, I think, a more
beautiful sight than you may obtain at Beaumaris, by wadmg intc
the water, when the tide is fully out, up,to your knees, and*ther
walking along in a line parallel with the shore. For miles you may
go through groves of these living plant-like animals and sea-weeds;
among them, you will see all manner of curious and beautiful sea
creatures, but it is the zoophytes which are there so remarkably
beautiful. I should advise you, then, if you ever find yours@lves
at Beaumaris, just to take this hint, and wade into the sea at
extreme low water, on a calm day, and you will be well rewarded
for your pains.

We will flow leave these goophytes, and ga 0i? to another class
of objects, which have also badiate or star-like character. J1f you
walk upon the sands at Southport, you will be pretty Sure to sce
plenty of rather unpleasant-looking objects, like shapeless lumps
of jelly. These, yow know, are commonly called *jelly-fishes.”
Now, these unsightly creatures are amongst the most bcautiful
ob]ects n nature

If you take the trouble to put one of them into the water you willg
prove this for yourselves. Remember, that these creatures live
in water, and if you would see them in their natural state, you
must see them in it. I have often thought if the fishes were to
take it into their heads to study natural hiStory, and, in order to
examine the human species were to put us unde}t water to linspect
us at leisure, we should cut a very sorry figure; to examine the
jelly fish out of water is just as wise on our part. If you lgpk at
this creature in its natural condition, as you see it represented
now on the screen, you behold a creature transparent as glass,
with a tep shaped like an umbrella or mushroom, hanging from
which are elegant tassels and tendrils. This is the way the

-creature looks when alve, and if you watch its movements in the
water, you will obscrve that its way of swimmiing is by a series of
pulsatlons of that umbrellaltke top. The' movements of the
ereature are most graceful, and the object itself is really very
beautiful. The way to see these creatures in perfection when
you are at the sea-side, is to choose a perfectly calm day, 4nd go
out in a boat, and in an idle humour paddle along; you will
then, in all probablhty, see many of them swimming near the sur-
face of the water. In the Menai Straits I have seen the water
covered with them, and amongst them I once noticed one as
much as a yard across, which is very large for a jelly-fish. These
jelly-fishes, as yoy know, are said to sting very severely, and one so
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large as that I have just mentioned would, no doubt, be a very
serious thing for a swiinmer to meet with. The jelly-fishes sting by
means_of a peculiar mechanism, something like that of the hydra,
but more complicated. There are what are called “ poison cells”
scattered over those tendrils that hang down from the lower part
of the jelly-fish, the structure of which is this,—inside each cell
there is a spiral thread and also a poison dart, and when these
cells are irritated by anything touching them, the dart and spiral
threaﬁ are thrown out and pierce the object that comes against
them. .

The jelly-fishes are remarkable for the enormous quantity of
water they contain, and the very small quantity of animal matter.
This proportion 8f water is so great that if you take a jelly-fish,
weighing two pounds, and drain out%he water until it is dry, you
will not have more than thirty grains of solid animal matter left.
I dare say you may have heard the story of the farmer who lived
not far from the sea-shore, and who one day went down to the
sea-side to ‘look about him, and, as sometimes happens, the sea
had thrown ip a prodigious number of these jelly-fishes, which were
4ying about on the shore. A brilliant idea struck him—that here
was a chanc@or him to fertilize his land without the expense of
buying manure! So he hurried home, sent down his waggons, and
had them loaded with these jelly-fish, which he conveyed home
with great labour and laid them down in his farm-yard. At the
earliest dawn next morning, he looked out to see how his manure
was getting on, when, to his dismay, he saw nothing at all, and
imagtied at first that some unprincipled neighbour had carried
away his valuable material in the night; but on looking more
closely, he discovered that, the sea water haying drained away,
there was nothing left but some almost imperceptiblec films ot
animal matter! So large is thc quantity of water contained in
these creatures, and so very small the quantity of animal sub-
stance. . )

I must now go on to speak of some other radiate or starlike
animals, and those I shall choose next will be the sea anemones.
I will ¢hrow a sea anemone upon the screen, and along with it a
number of other radiate animals, so that you will have a group of
these creatures, and they are, as you see, very beautiful objects.
There is great variety in the form of sea anemones. 'The one you
now see has a body like a tall, straight pillar; the mouth is, as
usual, in the cehtre of the top, and there are long threads hanging
down from around it; those are rays, like the rays which surround
the monkh of the fresh water hydra. That is the general character
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of all the sea anemones; but in most cases the rays or arms
are much shorter than in the example before you. Most of the
sea anemones are very much like flowers. At the base is a sucker-
like disc, by which they attach themselves to rocks and stones.
You may get a good idea of the structure of the sea anemone by
comparing it with a poppy-head. I dare say you know that if
you cut a poppy-hcad across, you will have the appearance of an
outside ring with a number of partitions verging towards the
centre. It 1s just the same if yQu cut a sea anemone across, only
that in the latter you cut also across the stomach, which joins the
partitions as they come towards the centre, and forms an inner
ring. You can find sea anemones on alinost everyshore you may go
to. I never saw them more beautiful than #t Fleetwood. 1f you
go down the river at low water t a boat, and land on any of the
tluts that are then exposed, you will enjoy a sight that will well
repay you. You will see a sort of bed of shingle or stones
covered with great masses of the cases of worms, which live in
company, forming the most extraordinary towns add cities of
worms. There are thousands and thousands in one mass, and
they occupy a good portion of the surface of these flats of shingle,
and Detween them are pools of water, full of magnificent sea
aicmonges, like gardens of the most beautiful flowers. When I
was looking at them, and thinking they were almost too delicate
and pretty to eat at all, I was shocked to nqfice a particularly
charming one trying to cram into its mouth a mass of food a great
deal larger than itself—so pgreedy are these radiate animals, and
the sea anemones are no exception to that rule. L

At Blackpool you cannot find many sea anemoncs, and perhaps
vou will find none, unless you know what to look for; but upon
the sanfly parts of the shore you may pick up some beautiful ones
that have been detached from rocky ground deep down in the sea
and thrown upon the loose sand. When found, they look like
shapeless pieces of flesh, buf soon open out in sea water. On
one occasion, I found a very beautiful one there, fixed firmly on
the back of a large crab. 1 carried home my capture in triumph,
placed it in a large glass of sea water, and, during myestay at
Blackpool, it formed a conspicuous object in the window of my
lodgings, to the admiration of both natives and visitors. At
Llandudno there are plenty of them, and at Btaumaris the shore is
all studded over with them. At Llandudno you may have a great
choice of very beautiful ones, and you may see how the same species
willvaryincolout. Ihave had asmanyas twenty of the samesort, each
as big as a large dahlia flower, and not two of them alike in colour.
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There is a wonderful place for sea anemones and all kinds of
seéa creatures at the entrance of the Menai Straits; it is called the
Beacon Rock, and stands midway between Puffin Island and the
nearest point of Anglesea, If you go there at low water, you will
find the most curious creatures, and when the tide is out you can
get into a remarkable cave which is completely covered at the top,
sides, and floor, with sea anemones, forming as extraordinary a sight
as you can well imagine.

I hust leave these creatures now, and speak of the madre-
pores, which are not found on'our own shores, but belong to
tropical seas. The madrepores are similar to sea anemones, but
they have this peculiarity, that the substance of their bodies is
made firm by déposits of carbonate of hme, and they also grow
togethey in company. You see there a photograph of the
skeleton or hard part of a mass of these compound sea anemones
or madrepores. From every one of the tips of those branches in
a living state would appear a beautiful flower like a sea anemone.
You see that in this case the object has quite a tree-like appearance,

J‘ this will prepgre you to understand how it was that not so
«-ery long since naturalists were undecided whether these creatures
were really aggmals or plants. It might have been somessuch
specimen as that on the screen which convinced a certain French
naturalist on this point. He had been for his holiday to the
shores of the Red Sea, and when he returned home he made
haste to communicate to some learned society his great discovery.
He was happy, he said, to be able at once to end the controversy
as toewhether these things were plants or animals, for now he had
positive proof that they were plants, for he had timed his visit to
them so fortunately that he had seen them in their native element
in full flower /--those flowers, of course, being nothing mpre than
the mouths of the compound animals: so difficult is it for us to
get at the truth, because men will guess instead of going to the
trouble of careful and thorough examination.

The coral reefs, which you must have heard of, and which’are
so massive, and form such extensive roc‘ks, as it were, in the
oceang of tropical climes, and especially in the South Pacific, are
formed entirely by animals belonging to this class. The animals
keep depositing lime in the substance of their bodies, and when, -
they die a hard sholeton remains. Fresh colonies of them grow;®
on'¥he top of those that have ‘gone before them ; fresh carbonate

hme i§ taken in from the.sea water, digested and deposited in
their sub.;unce, and thus, in the course of time, enormous masses
of this madrepore are formed in the sea, so much so that they
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make reefs which are often very dangerous to navigation. Many
of the islands in the Pacifie are formed entirely of these coral
animals ; others are surrounded by rings of coral reef, and these
frequently afford a safe and welcome anchorage for ships. It
seems strange that creatures individually so insignificant should
produce such enormous results.

There are other creatures I shall have to direct your attention
to, and I will at once show you one upon the screen. These
creatures differ from the madrepores ; they have a firm, tard
skeleton, but it is of a horny substince. The one nearest to me 1s
well known by the name of Venus's Fan. It isa complete network
of horny substance. This is the skeleton of a thing which,
when alive, was coated over with a fleshyqanimal matter, the
whole of which was set with little flowers, as it were, each con-
sisting of a circle of tentacles or feelers, in the centre of® which
was a mouth leading into a stomach; and the whole of that
object has been secrefed in the inside of a great colony of such
like creatures, which make that skeleton for their suppost. Thesc
are called gorgonia, and they lead me to speak of another
object which is, perhaps, of more interest—thi§ is the red coralg
Now red coral is quite a different thing from the large masses of
madrepore, which often go by the name of coral. Red coral is
a horny skeleton like that, but made perfectly hard by deposits
of carbonate and phosphate of lime. It is formed by a fleshy
substance like the gorgonia, that fleshy substance Raving imbedderd
in it a great number of little mouths which draw in nourishment,
and are really the individual animals which produce the vgholc
thing. On this slide you see represented- a small picce of
the red coral, with a part of the skeleton laid bare, showing
what is known as coral; the other parts are govered by a fleshy
substance, and scattered here and there upon that you see the
mouths with the flower-like tentacles by which food is taken in.

I must now leave all these compound animals, and say a few
words about the highest group of radiate animals, the star-fishes
and creatures of that kind, which are always single, individual
objects, and have generally the power of moving from place to
place. ,The common star-fish is very abundant at Blackbool ;
you may see it by thousands on the shore; and perhaps one
reason for its abundance there is that it finds us natural food on
the shore. It feeds upon bivalve shellfish which live buried in the
sand, and you may find it at any time there busily engaged in eat-
ing cockles. You see a specimen of this starfish on the screen.
Now this star-fish is literally a walking stomach. The centre cf
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the animal is a stomach, and the rays project from it in the way I
pointed out at the beginning of the lecture. One thing that is
very remarkable about these star-fishes, is their extreme careless-
ness about their limbs. If you pull one off they don’t seem
to mind it. At Llandudno I saw one so careless that when fixed
to the side of a perpendicular rock by one ray it allowed the
weight of the body to break it away, leaving the one ray behind
sticking on the stone, so little do they mind the loss of a limb.
At Blackpool I have seen one that had all its rays pulled off, and
nothing but the round body in the middle left, and yet it was go-
ing about quite heartily. These star-fishes are so careless about
their appendages because they have the power of reproducing
them; they groty apain, and you may often sce star-fishes in all
stages of reproduction of lost limbs.

There are a great many kinds of star-fish. One of those shown
on the screen is called the sand star. In that case the rays are
long and slender, so that they are thought to be like the tails
of snakes. Now, this sand star is extremely reckless about its
appendages ; it dges not wait for you to pull them off; if you only
touch one of them, it snaps it off of its own accord ; and 1t is very
difficult to caigh one whole. The way pursued by naturalists is to
take a broad paper-knife, put it under the creature,—taking up
some sand as well,—then plunge it into a bucket of fresh water.
In that way the creature dies instantly, before it knows what you
are doing, and lfhs not time to snap its rays off. There are other
kinds of star-fish even more irritable than the sand stars, and they
are ¢alled Drittle stars on that account. When I have been dredg-
ing in the Menai Straits, I have brought up the dredge quite full
of these brittle stars all matted together, and the sight of them was
one of the most annoying to a naturahst that can be jmagined.
There they were of every conceivable colour and pattern of marking,
and all snapping and breaking to bits before my eyes, and no-
body touching them! You find in all these star-fishes many repe-
titions of the same parts: that is a°number of parts performing the
same functions ; and whenever this is the case you may be sure it
is the sign of a low organization ; and together with this repetition
of similar parts you find that there is a corresponding power of
reproduction in them when they are destroyed by any accident.
If you collect a dumber of these brittle stars you often find
some of them with young rays growing out to replace those which
they have lost at a former time.

I must now say a word or two about another kind of radiate
animal, agreeing in some respects with the starfish but it is
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globular in shape, instead of being divided into rays. It is called
the echinus or sea urchin. It consists of a hard round shell, and
that shell is covered with spines, which stand out in all directions.
The star-fish is an animal feeder, but the,sea urchin is a vegetable
feeder.

The common echinus is very abundant at Beaumaris. At low
water there you may find them in great numbers upon the shore
sticking to scaweeds, or fixed amongst the stones. It is curious
to watch the echinus ; it walks upon stilts, as it were, by meams of
the long spines that project from it; and, in addition to these
stilts, it has a kind of suckers, which are put out from five rows of
little holes round the body, and these lay hold of any fixed sub
stance upon which the creature is walking, @ance so steady it in
its curious mode of progression. « The echinus is a creature very
well worth examination, and a good deal of its structure®can be
scen without a microscope.  Among the spines of the cchinus, all
over the shell, will Re found a number of very singular things,
which I have put down in the syllabus by the name of padicellarize.
These are long worm-like objects, at the end of each of which you
find three hard calcareous jaws which fit together, and look likg,
the head of a snake. When the echinus is alive these jaws con-
tinually open and shut, and their object is to seize upon or
drive away any parasites that might fix themselves upon the
echinus and impede the movements of the $pines. The digestive
organs of the sea urchin are remarkable. In coBsequence of their
vegetable food these organs are much more complicated than they
are in the starfish; the mouth is provided with a singular arPange-
ment of teeth and jaws, and there is an intestine as well as a
stomach, for the sea-weed upon which it feeds requires a good deal
of digestion and preparation to convert it into animal material.
You will perceive that in all these radiate animals the stomach is
the important part of the creature, and by its appearance here in
these low kinds of animals, and by the prominence given to it, we
may be taught that it is the®organ which is most essential to
animal life ; for it is by its means that the various articles of food
taken in are dissolved and converted into compounds suitable to
be built up into the body of the animal, and to be made a Yart of
its substance.  *

In my next lecture I snall give you an account of jointed animals,
and 1 shall show you that the prominent idea in them is the
development and perfection of the locomotive organs.
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LECTURE III

TIIIRD PLAN.—]JOINTED ANIMALS—LOCOMOTivVE ORGANS.
L]
JOINTED plan of structure. Body consists of repetitions of similar
$arts placed end to end. The Leech, the Earthworm. These are
among the lowest of jointed animals. Description of each. The
chief idea in all jointed animals is locomotion; how the Leech
manages it. Locomotion in the Earthworm ; habits of the worm.
Various kinds of Marine Worms all showing the jointed structure in
its simplest form. In further developments of this locomotive plan
we ha¥e two distinct sets of jointed animals; one set living in water,
such as Shrimps, Lobsters, and Crabs ; the other set living in air, as
Centipedes, Insects, and Spiders. The Centipede : descriptiar,—body
with many joints, a pair of legs on each except the first and last—
good intentions, great show and little work—Locomotion implies
muscular action ; chemical change like that which takes place when a
candle burns ; the breathing organs bring the Oxygen required and
carry off Carbonic Acid. Close connection of breathing organs with
those of locomotion in jointed animals. Nature of Gills. Crab,
Crayfish, Common Crab, description. Habits,quar;elsome disposition.
Vol\mtary a.mputanoxh and growth of new limbs. Casting the shell,
Cannibaligm. Locomotion in Insects. Two requisites for flight are
extreme’ fifhtness of the body and the greatest possible energy and
endmgnce of the muscles. Arrangements by which these results are
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obtained—Caterpillar, Chrysalis, and Butterfly. Nature of wings,
The Dragonfly, description ; different stages of its existence. Perfection
of flight.—Conclusion.

In my last lecture I showed you some living Hydras, and I
told you of one kind called Hydra fusca. I told you it is
remarkable for the length of its arms, and their exact resemllance
to a fishing rod and Jine. I shatl now show you on the screen
some portraits, taken a few years ago, of specimens of these
hydras, so that you may see what their character really is. You
will see here one of these objects floating, as thgy often do, upon
the surface of the water. In that case th€ disc or sucker at the
end opposite to the mouth is uséd as a float, the body hargs down
in the water, while the rays stand out stiffly for a part of their
length, and then, becoming very slender, hang down like fishing
lines. In one instarfce you sce the line twisted ; it has just caught
something and carried it to the mouth: it is now bemng thrown
out to try its luck again. You see the thydras represented
in many diffcrent positions. Here is one with a bud attached ®
its body, like the one you saw living last weck. Idere is one
which has taken in a large meal, and is shut up for a time while
it digests its food, Here is another walking along the bottom
of the vessel upon its contracted rays, and lopking like a star-
fish. And here again is one which 1s going along in the manner
of a leech, by bending the body into a loop, and holdmg alter-
nately by the sucker and the contracted rays.

Tp-night I have to speak of jointed animals, in all of which the
chief idea is locomotion, or moving from place to place. We find
among them all sorts of designs for effecting this object, some more
and others less efficient, but in each case gxactly suited to the
requirements of the animal possessing them.! The outside of the
body of all jointed animals is firn and strong" and it is often Guite
hard; in which case it consists of many piec [% jointed together, so
that they can be moved on each other. e simplest plans of
locomotive structure are seen in the different kinds of worws, and
of these the leech is the most remarkable. It has not the slightest

" trace of any external locomotive organs, and yet it can get along
in the water much better than many creatures that have limbs. We
are so familiar with the fact, or else we should think it veryodd to see

«& creature*five or six times as long at one time as it is at another;
no one thinks it wonderful in the leech, because we all know it is its
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nature to do so. At each end of the body of this animal there
is a sucker by which it can fix itself either at the one end or the
other, as it requires; and it performs its movements by the’
harmonious action of innumerable muscles which form the:walls
of its body. The action of these muscles is regulated by a
system of nerves which look like slender white threads, coming
from small knots of nervous substance, as you see in the picture
which is now on the screen; those knots of nervous substance
extend down the middle of the body, and are connected togetier
by short nerves so as to look liké a string of beads. This nervous
system may be very well compared to a set of telegraphic wires,
through which messages are continually being sent to different
parts of the system, ;md the string of beads which_you see down
the middle of the body might be compared with So many local
stations, each acting within its own district; but the principle
office is in the head, where there is a larrrcr mass of nervous
matter which may be called the brain. It is from this mass of
nervous matter in the head of the animal fhat general directions
are sent through the whole system of nerves to regulate the
\ovements of the Whole, and you have here in the lecch 2 most
complicated system of muscles and nerves to produce those
movements required for its peculiar- kind of locomotion. If you
were to allow a man his whole lifetime to make a working model
of the leech, he could not do it, simple as this animal looks.
Leaving the lac >ch, I shall now say a word or two about the .
common earthworm. This is a very interesting little creature.
It is formed in every respect for living under ground. The rings
of its body are more plainly marked than they are in the leech.
Its body may be said on the whole to be cylindrical, bat at
the front end it is conical, and comes to a rather fing point.
At the hinder part, the body is flattened above and Dbelow, so
that it has an edge on each side. This form of the body has
a good deal to do with its success in making its way under-
ground. The earthworm has the same power of lengthening
and shortening itself as the leech has, but to suit its peculiar
circumstances 1t is also provided on each ring with four pairs-of
little btistles, each of them having the points directed backwards.,
You can easily prove this, if you “take up an earthworm and pull
it through your hangs. I you take hold of the head-part of the
worm and pass your hand towards the tail it goes without any
obstruction  but if you try to pass it the other way, you cannot—
your handis held by these little spines. Now, the effect of these °
spines is, that the hinder part of the worm can be fixed immovably
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in its hole, while the front part is being pushed strongly forward
to extend the hole in thé ground. At the slender front end of
the worm is the mouth, which is simply an opening, but just above
it there is a little finger, as it were, the gffice of which is to keep
putting soil into the mouth; for it is a fact that the worm to a
wvery considerable extent eats its way through the earth when it is
burrowing, The food of the worm is the actual seil; that which
nourishes it of course being the organic matters which happen ta
be mixed with it. During last summer I was making sbme
observations on worms, and I had occasion to dig up as many as
I could find in my garden, and I was surprised to see that a very
considerable number of the worms I obtained had new tails.
It was evident that they were not the original talls, because they
were badly fitted ; they were smaljer in proportion than the rest
of the body, as well as paler in colour. I asked myself as well as
others how it happened that these worms had new tails, and the
only explanation I recejved was that in all probability the gardener
had been digging and had chopped the worms in two* Now, 1
knew very well that my gardener had not been so actively at
work as to chop off all these worms’ tails, so I was obliged tos
seek another explanation, which I think I found. Worms in
making their way through the ground and feeding in the manner
I have described, eat a great deal of soil, and you know they
frequently cast out a large quantity of this®soil in the form of
worm-like moulds, which you see on the surfac®. Now if you
knock one of thosec heaps on one side, you' will find a worm
hole immediately under it. It is clear then that the worm must
come up tail first to void this rejected soil. Now that being the
case, it struck me at once that birds on the look out for something
to eat wquld very soon spy where a worm was in the act of
producing one of those little heaps, would hop to the place, lay
hold of the worm and try to pull it out of its:hale. But I told
you that the worm has the power of resisting strongly being pulled
in that direction ; it won’t come? but will soonér submit to having
its tail bitten off ; so you see how Providence orders these matters—
the bird gets a good meal, and the worm goes back to its hole
and grows a new tail\ .
There are many kinds of marine worms, and among thes
many that crawl abcut quite actively ; some of them, however, are
stationary, and live in cases which they make for themselves. I
will show you one or two of these marine worms. You see
(eprese.nted there two kinds of marine worms. The one nearest
to'me is that which is very much used by fishermen for bait. . It
F
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1s found living in the sands at Southport abundantly. The other
is one of those which make cases of a sort of shelly material, in
which they constantly live. In both these you have examples of
gills upon worms, gills foi breathing or aérating the blood. In the
worm nearest to me those gills form little excresences extending a
considerable distance along each side of the body; in the other
case the gills look like beautiful plumes, and stand round about
the shead. There are many other marine worms which are not
stationary like those two, but crawl about very actively. Their
bodies are composed of many rings, and on each ring there are
two bundles of bristles, which can be drawn into the body, or
pushed out as required ; and in walking they move upon these
bundles of bristles." Now, in all these examples of worms that I
have given you, the body consists of nothing more than a straight
row of similar pieces, and there are either no projecting parts for
locomotion at the sides of the body, or these are of the simplest
character,.consisting even in the highest kinds of worms of nothing
more than bristles. But all these worms are mere sketches, as it

were, of a pian of structure destined to be worked out in other
creatures int& an endless variety of designs for the most perfect
locomotion.

There are two distinct sets of jointed animals belonging to
these more advanced plans of structure; one set inhabit the
water, and inclde such creatures as shrimps, lobsters, and crabs ;
and the other set live on land, and breathe air, and include
centipedes, insects, and spiders. I shall now speak of one or two
of these creatures, and, first of all, of the centipede. I think I
can show you a portrait of the centipede; it is now.upon the
screen. It shows rather dimly, hut sufficiently to discem the
creature. The centipede has a body composed of maay joints,
and this body is firm and hard on the outside. It has a pair of
small jointed limbs coming from each ring. Every part of the
whole length of the body in this creature is bent upon one thing,
and that is locomotion. Every joint has limbs upon it, and each
and all are determined to move on. If you watch a centipede
walking, you might, at first sight, think that a fair comparison of
it would be a long DLoat with a great number of oars and people
rowing ; but if yonlook closer, you will find that that comparison
is not,strictly correct, for you would see that the limbs are not
all mp¥ing in the same direction at the same time, but in two or
three pats of the centipede you,see the limbs are raised to move
forward, and between those points there is every gradation . of
movement ; so that, on looking at the whole length of the creature,
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the legs appear like a succession of waves passing down the two
sides, the waves coming out at the end behind and re-appearing
in front. Now, the reason for that is what I told you before with
regard to the leech—that there are knqts of nervous matter all
down the body of the animal; these are connected by nerves
which go up to the brain, and the brain keeps sending directions
down, and as these go from knot to knot the orders are received
by each in succession, causing the limbs to move in that wave-like
manner. It is a singular thing that if you take a pair of ¢harp
scissors, and neatly cut a centipede in two when it is actively
engaged in motion, the hinder part of the centipede goes on
walking just as if nothing had happened! That shows how intent
upon motion every part of the creature must be. Pn this centipede,
instead of the locomotion being produced Dy the lengthenipg and
shortening of the body, as we see it in the leech and in the earth-
worm, the joints themselves of the body are fixed, but they have
limbs attached to themy, and these are moved by muscles contained
within the joints to which they belong. Now, this locemotion of
the centipede, though it is not very rapid, is very effective to suit
the habits of the creature, which are to creep into all sorts @
little crevices and winding passages; and it is therefore very
important that all parts of its long body should equally be walking
forward, because, in twisting and twining itself in a serpentine
manrer, it would otherwise be continually gfating the sides of the
passages in which it was moving. *

Every movement of the muscles in any creature is accompanied
by a wasting of them. A certain quantity of the substance gf the
muscle i wasted, and at the same time the wasted part is com-
bined with oxygen, which comes originally from the air, and as a
result of this change carbonic acid and water are produced.
These two substances within the body are thrown into the blood,
the blood is then conveyed to the breathing organs, and that car-
bonic acid and water are there got rid of. In breathing, oxygen is
absorbed into the blood from th® air, and then we say that the blood,
freed from its carbonic acid and water and charged with oxygen, is
aérated, and made fit again to be circulated through the body. Now,
if you consider, you will perceive that this is a change exactly $imilar
to that which takes place in the burning of a candle, and it is a
fact, that just the same amount of heat is produced as is propor-
tionate to the quantity of oxygen used.

I must now say one word about gills, which are the organs used

\by water creatures for effecting these changes in the blood. Most
water creatures are provided with gills, and these gills are generally
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composed of a great number of thin plates of membrane, the
whole substance of which is made up of a net-work of blood
w~essels. These blood vessels come on the one hand, from the
general system of the body, and contain blood charged with car-
bonic acid and water, resulting from the combustion of the tissues
of the body. That net-work of vessels is freely exposed to the
water and 1t terminates at the other end in vessels which go back
directly to the heart of the creature, and then contain pure blood
charged with oxygen ; and the heart, receiving it in this state, sends
it to all parts of the body to continue the same process.

I wish to show you next one of the large class of creatures
called crustacea, and I have chosen for my specimen the cray-fish,
the common fresh-water cray-fish. These creatures are found
very abrandantly in some of ourriwers and in some canals. I have
not met with them nearer home than at Cressbrook; but I have
obtained great numbers of them from the canal near Coventry. I
have had them sent to me in a common old biscuit tin, and they
have borne the journey very well, and lived for months after I
received them. I have had every opportunity of examining them
Guring their life with me. I have seen them cast their shells and
get new ones ; 1 have seen their eggs hatched and produce young
ones, and had full opportunities of seeing the manners and customs
of these creatures. That is the portrait of one specimen which I
obtained from Cqventry. You see it looks very much like a com-
mon lobster, and it is really a very similar creature. If you
examine that cray-fish or the lobster you will see that it is a jointed
animtl, but it is very different indeed from the centipede. You
have an example in the lobster of the way in which the
efficiency of the locomotive organs is increased. You find that
the legs, instead of beéing distributed all down the body,are con-
centrated at one part, and-are placed very near together. The
lobster is a water creature, and it is a very good swimmer; but
it should be remarked that i this case it does not swim at all with
its legs. The hind part of the body, which is commonly called
the tail, is really the swimming organ, and you may notice that
the end of the tail is provided with a broad fan, and the action
of the lobster in swimming is to strike the water downwards by
means of this tail, so bringing it suddenly against the under part
of its"ypdy, the effect of which is to cause the animal to shoot
backwarfls through the water. The lobster always swims backwards,
and is spid to swim with very .extraordinary speed, darting with
one flap of its tail many yards, and guiding itself with the gtreatest
nicety, so that it will dart without hesitation into a hole only just
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large enough to receive it. You will notice Loth in the lobster
and the cray-fish that the antenne or feelers are very long. They
are made so that when laid flat along the body backwards, as 1t
were, they project in such a manner behirad that when the creature
is swimming they are of use to feel where it is going, because as I
said, it swims backwards. The legs are used for crawling among
rocks or stones, where the creature lives.

I shall now leave the cray-fish and go on to speak of the
common crab. In this crab we find a concentration of the
organs of locomotion the most remarkable in all the crustacea; the
limbs are all very close together at their origin, and the whole body
scems to be very much pushed up together. If you look at the
nervous system in the crab, you will see that® it has undergone a
corresponding change from what you see in the leech or the centi-
pede.  In them there was a long chain like a string of beads. In
the crab you will find one la.ge mass of nervous matter in the
middle of the body, which sends out nerves like rays in all direc-
tions, one large nerve going to each of those limbs to supply it with
motive power. You should remember then that.in jointed animals
the perfection of locomotion is brought about in a great measure
by the concentration of the different parts of the body. You are
well acquainted, of course, with the common table crab, which yon
may any day see in the market. The crab is a very interesting,
creature to examine a little at leisure. Look at the back of the
crab, and you will see how beautifully it is arched to resist force, how
strong the shell is for the same purpose, how the borders are in-
dented like a pie crust, forming counter arches to increase the
strength ; then notice how nicely the eyes, which are upon movable
stalks, can be put back into the sockets, and how the sockets
project, So that a knock on the eye could do it no harm. Then
notice the two pairs of feelers, one pair of Which fold side
by side, and can be put under a sort of roof, where they are
quite safe from injury. The sgcond pair of feelers are still more
carefvlly guarded, perhaps because they are mbre necessary to the
creature ; they fold in the middle, and can be put away into grooves,
looking very much like putting a pair of spectacles into theiy, case.
Then if you look at the legs of the crab, you will see how beauti-
fully they all fold up close against its body. You should look, too,
at the mouth of the crab, and you will see a vety singular thing, I
cannot go into the particulars; but at the outside of all you will

\se¢ two pieces like double doors, which fold over and cover
the inner parts quite close; and then the great claws, if put where
they would naturally be when the creature is at rest, securely bar
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the doors of the mouth, and keep everything fast. 1 you come
to think where the crab lives, you will see how desirable it is that
* these things should be as I have said. The crab lives in the sea
where there is stony béttom, and at some little distance below low
water mark, but within reach of the rough weather, and is liable to
be tossed about very much. Well, it can pack itself up in the way
1 have mentioned, and may then be rolled over and over just like
a boulder stone, and take as little harm. You see, therefore, in the
case of the common crab, how well fitted it is for the circumstances
in which it is placed. It has a sort of confidence in the strength
of its armour too, and goes about like oneof the knights of the middle
ages, seeking for some one to attack. But the crab is much better
protected than any'knights ever were in their armour ; and besides
this, the crabs are their own arty surgeons; they need no splints,
bandages, nor lint. If they have the misfortune to have a piece
of a limb snapped off in an encounter, they just give that leg a
shake and off it comes at a spot almost ckose to the body, where
nature has provided that these voluntary amputations shall take
_ place ; the bleeding stops, and the crab is at once ready to go again
"into the fight$
One day I found a crab at Llandudno, that had lost both its
claws and all its legs but two ; yet, for all that, it had not lost its
courage. I picked it up, and, at the same time, selected another
crab of its own.size, and put them together in a dish filled with
sea water. It was pretty to see how the brave little fellow, without
any means whatever of attack, still stood on his defence ; for that
petiect crab, more shame to him !—crabs have no magnanimity- -
at once picked a quarrel with his unfortunate brother, and attacked
lim savagely. My crab stood bravely up, and defended himself
*as well as he could. Now, how did it happen that a cfab in this
miserable state should never think of giving in? Well, I think it
is that the crab still feels that althongh so detenceless, he has the
capabilities of a warrior left in him he feels, perhaps, that his
fresh legs and arms are already sprouting where the old ones are
gone, and that if he could only be let alone for a time, he would
have new claws and legs, and be able to give as good as he took.
Now, the crab can really afford to be reckless in battle, although
it is not invulnerable, for nature does repair its shattered limbs as
often e it is required. The brave little fellow I have been telling
you of, if he could only have been put into hospital for a time,
would Kve come out as good as new, with all his claws and legs
complete, and with no need for such tender nursing as our
wounded soldiers received in the Crimea from Miss Nightingale
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and the Sisters of Mercy. And, after all, the result is far more
satisfactory in the case of the crabs, for with them you see ng
crutches or wooden legs—nothing of that kind; they come out
bran new, and as good as at first. Perhaps, if you consider
this carefully, you will be led to suspect that nature did not design
men with a view to their fighting in the destructive way which is
now practised by civilized nations.

But although the crab is so well provided in the matters I have
mentioned, seasons of great anxiety come upon him now eand
then, and these are when in consequence of his constant fighting
and feasting he feels he is growing too stout for his shell ; he feels
that his trusty armour on which he had depended so long is
getting too tight for him! At last the dregdecds moment comes
when he can endure the pressuge no longer, though he knows
at the same time that his safcty, if not his very life, depend upon
his coat of mail. Still ke feels at last he must throw it off and
expose himself defengeless to his encmies. Here you would
think would be a time for serious reflections upon his past carcer
of riot and barbarity! But instead of thinking of repentance,
this crab crouches in some dark hole trembling’ for his safety, and
anxiously hoping that his new suit will soon be ready. His fea
are probably heightened by a guilty conscience, for he feels
within himself what he would have done in his strength if he could
only have had the luck to meet with a defenceless soft crab, such
as he is at that time! Oh! what a juicy mcal ke would make of
that crab! Well, thinking so, he naturally trembles for his safety.
I once brought home with me two little crabs from Blackpool, and
I put them into some sea watcr with sand, and fed' them regarly,
50 that I kept them alive for some time. When I had had these
two little crabs for about a month, one of them cast his shell.
The other one, as it happened, perhaps in cansequence of being
well fed, did not molest this crab while it wa¢ soft, and in a few
days it came out again as brave as ever. Shortly afterwards it
came to be the other crab’s tarn to cast its shell, and then the
ingratitude of that wretch was at once seen. No sooner did this
second crab cast his shell than he rushed at him and ate him up!
I am happy to say, however, that it was not many days *before
justice overtook him, and he died, either from a bad conscience,
or—what is perbaps more likely—indigestion.

Now, we will leave these sca creatures which breathe by gills,
and pass on to some of those which live on land and breathe air.
1 shall therefore have next to speak of insects, In all insects
you find there is.a concentration of the organs of locomotion



88

about equal to that which you notice in the lobster, Insects
have a body divided 'into three parts, and the legs are always
attached to the middle part; and they are moved by strong
muscles which are contajned within that middle part of the body.
These legs of insects are very active, and are used for a great
many different purposes, as for creeping, running, jumping, and
swimming ; and they are modified to suit the requirements of the
insects in all these different ways. Most insects have wings as
wellvas legs, but there are some which are always without wings—
for instance, the flea; but this"flea, you know—I dare say you
know—has the power of jumping in such a way as to be almost
equal to the power of flying. I confess I can never see one
twice; if I see ¥ onge, I cannot see where it goes to. But just
consider for a moment if you were endowed with the same power
of junfbing, in proportion to your size, as the flea, and you
jumped, the result would be fatal, for you would come down with
such a crash that you would break every bone in your body; so
that it is lucky for us that we have not the powers possessed by
some of these insects.

In an animal gHich has the power of flight, it is necessary that
the body should be very light, and that the muscles which move
the wings should be very powerful, and, at the same time, very
rapid in their action. These two requisites are brought about by
one and the same simple means in insect structure, and it is in the
arrangement of ~he breathing apparatus. Breathing is like a
draft of air going through a fire, the more perfect the draft, the
more rapid will be the burning. We have seen that in crabs the
gills receive the blood from the legs and claws, charged with the
waste matters from muscular action, and purify it from these
things, taking in oxygen at the same time from the water ; Jbut this
aérated blood in the crabs is mixed in the heart with impure blood,
which comes from the other parts of the body, and so returns to
the muscles, to act on them, in a state which is not stimulating
enough to produce very energetic action. The. plan which we have
in insects 1s quxte dlﬁ’erent, and is not seen in any other part of
creation excepting in them ; it is beautiful in its simplicity. The
blood of the insect is not contained in vessels at all, but freely fills
every part of the body not occupied by somethmg else. In this
way it bathes the whole surface of the internal organs and of the
muscles. But you find in every part of the insect air-tubes, which
I shall showyou with the lantern from a drawing of the anatomy
of one of these insects. You see in that drawing a great number.
of .little brartthes going in all directions through the -body of the
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insect, and these might be thought to be blood-vessels; but they
all contain air, and if you look carefully at the drawing, you will
see that here and there there are large dark-coloured places which
are reservoirs for air. If you trace those branches to their origins,
you will find that they arise from certain points down each side of
the body, and in the perfect insect there are holes from the outside,
where the large trunks of these air-tubes commence, and through
which the air is admitted into the interior of the body. These
holes you will find are often beautifully fringed with hairs, thé ob-
ject of which is to prevent dust from getting in. By this plan of
conveying air to all parts of the body of the insect, instead of carry-
ing the blood to the lungs or gills to be purified, you get an ex-
treme lightness of the body, and at the same®time you have
the most perfect possible agration of the blood. This pgrfectly
adrated state of the blood, and its free and direct contact with the
muscles, produces their energetic action. As examples of flying
insects, I have chosen, butterflies as being very common, and some
of these I will put on the screen. These butterflie? may not
be very remarkable for perfection of fligh{, but they show
large and beautifully coloured wings, which is the subject aboué
which I want to speak. There are, however, many kinds ot
butterflies, which are not to be despised on account of their small
powers of flight, and entomologists will tell you that some are very
hard to catch, and will outfly their best efforts at running. The
butterfly is provided with a kind of long trunk, with which it sucks
out the sweet juices from flowers, and this is what the butterfly feeds
upon ; but you must not for a moment think that it is the Joney
from the flowers which has developed the powerful muscles
which work those wings, and the wings themselves of the creature.
Those butterflies originally came out of the egg, as you know, in a
very different state from that in which you nqw see them. They
were then little greedy grubs, which went ahout, day after day,
doing nothing but eat; they were eating canstantly, as though
their very life depended on getting down as mbuch vegetable sub-
stance as they could possibly swallow. This was the way the
caterpillar or grub of the butterfly went on for a long time, and
during that period he had frequently to change his skin, on account
of its getting too tight. Now, if you traced him through his
career, you would find that at last there came a time when he cast
his skin, and instead of coming out as a caterpillar, he came out
as something quite different; he came out like a mummy, with a
hard case about him, being what we know very well as a chrysalis.
His limbs were gone, his power of eating was gone, and there he
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lay for a considerable time helpless. He showed his care for him-
self just before he went into this state, however, by, in some cases,
hanging himself up in a convenient comer, or, in others, burying
himself in the ground, where he remained for a considerable time,
until at last he burst from that chrysalis form, and came out a per-
fect butterfly. You see, then, in tracing the history of this creature,
that the real nutrimentwhich produced those wings and that powerful
flight was that which was taken when the creature had no wings
atatl. It kept storing up nourishment for weeks and months, not
for its own immediate use, but for future purposes. In that repre-
sentation of the caterpillar, you will see down each side of the
body masses of substance looking like suet or fat in the living
creature. Dowt the middle you see the alimentary canal through
which, the food passcs. Indepgndent of the proper organs of the
catcrplllar, then, you see immense quantities of fatly material
which is stored up for the future making of the butterfly. While
the creature is in the chrysalis state, all the substance of its body
seems to o soft and milky, and it looks as if it were made over
again; created afresh, on a larger scale, and in a more perfect
Jorm, by using gp' the hoarded material which had taken months
to collect in the caterpillar state. You see, then, I think, from
this how difticult it is to make a flying insect ; how for montlis the
creature must go about as a grub, and do nothing but feed, in
order to store up an abundant supply of material to make this
beautiful flying Crevure. Then, the butterfly exists but for a short
time, and perhaps it could not possibly support itself for long by
the nutriment it is then able to take.

Leaving the butterfly, I shall now give you an example of the
most perfect of flying insects—the dragon fly. This creature is
well worth careful examination by those who are interested in
locomotion as a mechanical matter. There is nothing more per-
fect in nature than the dragon fly, and if you lock at it, I think you
will say after my explanation, that the comparison of it to a rail-
way train is not farfetched. THe part to which the wings are
attached is the engine with its four driving wheels. Here you see
the head which we may naturally call the guard’s van, placed in
front"to keep a good look out ; and behind you have the carriages
set in a row, and not concerned at all in producing locomotion, as
I showed you that all the joints in the centipede are. This dragon
fly has mbst wonderful powers of flight. 1t has been watched when
chased by a swillow, which isa very quick flying bird, and the
swallow has not been able to catch it. The dragon ﬂy, different
from other "flying creatures, can not only fly forwards with great
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speed, but without changing its position apparently, it can fly back-
wards, and it can also fly to the right or to the left, and up and
down, with the greatest facility. Let our mechanics just consider
thar, and see if they could make a workigg model of the dragon fly.

In my next lecture I shall bring before your notice creatures
which show chiefly the development of the internal organs of the
body, those of digestion and secretion. They consist of shellfish,
and 1 shall chiefly have to speak of oysters, mussels, cockles, and
creatures of that kind, .
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OR

FOUR PLANS OF ANIMAL CREATION

LECTURE 1V,

FOUR’“I‘H PLAN.—SOFP—BOD;ED ANIMALS— DIGESTIVE AND

SECRETING ORGANS.

BoDY consists of a bag containing organs for digestion and secretion,
Ascidia or “ SeaMSquirt.” Description. Nature of its food and
manner in which it is obtained. The same organ for breathing and
for collecting and conveying food to the stomach.—Bivalve Shell-fish,
general character ; breathing and feeding associated.—The Oyster,
description of th€ animal, formation of the shell.—The Freshwater
Mussel, description ; means of locomotion, the foot : habits. Artificial
pearls; and pearl ornaments made by the Chinese. The Freshwater
Pearl Mussel of Nerth Wales. The Common Mussel, structure
of the foot, and manner of making the threads by }vhich it
fixes itself. Parasitic Crabs found in Mussels. The Dreissena,
a foreign Freshwater Mussel now common in canals. Manner
of making its threads easily_watc}.xled in an aquarium.—Common
Cockle, description of the animal, form of the foot and its
use.~—Mactra, Venus, Tellina, and Donax, pretty shells, commonly
found ‘on the sea-shore, Description of the animal; these, like all
other sea creatures, should be taken alive and put into sea water to
be watched., - Razor-shell. Structure of the animal : habits. Pholas

common at _Blackpool : -habits. Peculiarity about the dead shells
found on the shores of Lancashire.—The Teredo, or Ship-worm ,
degcription.—Conclusion.
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Ir we take our own body as an example of animal structure,
we shall find that it consists of two parts; first, there is the
framework to which it owes its form, and which provides for
locomotion, and for all we can do in relation to the world outside;
and secondly, there is a set of internal organs, the duty of which
is to nourish and continually remew the working muscular frame.
In my last lecture I explained to you the structure of jointed
amimals, and I showed you that through all the extensive series of
forms which they present, the motjve framework is made a mAtter
of first importance, and that in some flying insects, as the
butterflies, this is carried to such an extreme that provision is not
made for keeping up the full nourishment of the body, and
consequently that the creature can only live a shdrt time to enjoy
its power of flight. To-night I sshall have to speak of gnimals
formed upon quite an opposite plan, for they consist of very little
beside internal organs. The lowest of them may be described as
nothing more than a “4bag of bowels,” and even the highest have
only very faint traces of a hard framework connected*with such
muscular apparatus as they possess for locomotion. These
animals are called “mollusca,” and are commonly known g
‘“shell-fish.” They include not only all kinds of sea and fresh
water shellfish, but also land snails and slugs.

The first example of mollusca that T shall give you is one of
the lowest and simplest of all of them, and it is called the “Sea
Squirt.” I will show you a diagram of this citature upon the
screen. You might suppose when you look at it that I had been
borrowing a double-necked bottle from my friend, Professor
Roscoe. You are aware, I dare say, that the two-necked bottles
are very important parts of chemical apparitus, their value, I
believe, €onsisting in the fact that there is one way into them and
another way out; and that is precisely the case with the creature
before you, which has, as you see, two openings into the cavity of
its bottle-shaped body. The way into it is by the hole at the top
of the creature, and the way dut by that at the side. This sca
squirt may be found upon any of our shores, fixed to sea weeds,
which have been torn away from the sea bottom and thrown upon
the beach. At Beaumaris you cap find them i plenty, and there
are some very small and beautifully transparent kinds which give
you a good opportunity of watching them unger the microscope
in the living state. If you look at the diagram farthest from me,
you will see this creature partly dissected. When you cut open a
sea squirt you find that connected with the opening at the top,
there is a thin delicate bag which fills a good part of the inside of
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the animal, hangs free from the outer walls of ‘it, but passes down
to the bottom, and there opens by a small aperture into the
stomach of the creature.

I showed you in my second lecture that the hydra is a fishing
animal, and that it catches its fcod by means of a rod and line.
This sea squirt is a fishing animal too, but it catches its food by
means of a net, and the bag I have been speaking of contained in
the jnside of the creature, is the net with which it catches tge
animalcules that serve it for foqd. The net is covered on the n-
side all over with vibrating hairs, and these produce a strong cur-
rent of water from the outside into the net through the upper
opening, and the water brings along with it all the minute living
creatures that happeh to be in it. The water is filtered as it were
througk this net, and passes outeat the side opening, while all the
solid food is retained, slowly passes down to the lower part, and at
last enters the aperture which leads to the stomach. In this sea
squirt you have something that is worth yowr notice, as a contrast
to what we find in the crustacea. We find there that the gills or
breathing nppamgts’ are in close connection with the legs or
&:gans of locomoton. Here we find that that net or bag which
I have been speaking to you about, is not only the organ for tak-
ing food, but is also a gill and serves for respiration. Respiration
then in these soft bodied animals is associated with feeding. If
you look closely into ‘that fact you will see that it contains an im-
portant truth, namely, that the breathing which always corresponds
with waste of living materials of the body, and in crustacea 1s
regultited to the amount of muscular waste, here corresponds with
waste of some other kind, and that will be found to be such as arises
trom the chemical changes necessary for the production of various
secretions. The creature that I have shown you 1s perfectly sta-
tionary, and has no need for any further muscular power than te
contract or expand the bag of which the body is composed ; but
it is a sort of chemical laboratory in which a great deal of work is
done in a quiet unobtrusive way. ‘I may just add that it is called
the sea squirt for the simple reason that when you lay hold of it,
it thrqavs water out from the two holes with which it is provided.

Now this very simple plan of animal structure that I have been
bringing before you is repeated in endless variations through the
whole class’of molkisca or® shellfish, and the number of different
kinds is so ggeat that they form one of the principal divisions of
the animal’kingdom.

An important addition, however, is generally made to what you
saw in the sea squirt, and this is a hard case for protection, which
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is placed on the outside of that soft body. This hard case is what
is commonly known as the shell ; but you will see at once that if
the sea squirt were entirely covered with a hard shell it would be
so closed up that it would be impossible for it to grow larger.
Two plans are adopted among the shelifish for obviating this diffi-
culty. The plan which I shall show you first is a very simple one,
namely, to cut the outer case into two halves, each covered with a
shell which can grow larger to any cxtent at the cut edges. Thlb
is the arrangement in all the common bivalve shells and you see
it very clearly in the oyster, which I will now show you on the
screen. That is a representation of the animal in the inside of
the shells. One half of the “mantle,” or outer case, with its shell
has been regnoved, and you see only the other half ‘of it. Inside
you see the bag of viscera which fomposes the body of the gnimal.
Now, if you look at the cyster when in a living state, you will see
that the shells keep open, an'l that currents of water continually
enter through the opening of the shells, pass over the interior of
the soft part of the mantle, and then pass out again. IY you look
at the animal itself you will seq the gills, looking like leaves of a
book placed between covers, which are represented Dby the shella
These gills, which correspond with the inner bag or net in the sea
squirt, are covered with vibrating hairs, producm" currents ]ust in
the same way, and carrying in the animalcules upon which this
creature feeds. All bivalve shell-fish feed® entlrely upon minute
water animalcules.

The shell of the oyster is formed in a very simple way,
by the outermost coat of the animal depositing carbonate of
lime, and so producing a very thin film of hard shell material.
When that is formed, another thin layer forms in the inside
of the fitst, and extendc a little beyond its edges; then another
forms, and another, and in that way the creature covers itself with
protecting shells which are continvally becoming larger and
stronger as they grow. The two shells of the oyster as well as of
all other bivalves, are kept gapmg open by the nature'of the
substance by which they are attached together at the hinge. This
substance is elastic, and springs the two shells open, and that is
the natural state in which the animal always is, because it
can then draw in the currents of water by which it both
breathes and feeds. But sometimes it wants ta shut its shells, and
in order to do this a strong muscle is provided which passes

\directly from one shell to the other in the msnde, as you doubtless
know very well, since you must have seen it in opening oysters.
This muscle shuts the shells when necessary ; but it no sooner
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relaxes than they come open of their own accord, and the animal
is at liberty to feed. As to the animal itself, I should remark tha
round the borders of the mantle are a number of little colomrec
spots, which are eyes. You might naturally suppose the creature
would want to see, in order to know what was coming in between
the shells along with the water; and as an intruder might enter ai
any part, these eyes are set at intervals like a row of sentinels. 1
would have.you remember, then, the next time you eat oysters,
that when you open the creature in the murderous way in which
the work is done, the animal is looking on with all these eyes,
which perhaps may not be a pleasant reflection for you !

Leaving the oyster, I shall now speak a little about the common
sea mussel. In‘this case you have a creature of a different shape
from the oyster—long-shaped ingtead of being rounded in outline ;
and corresponding with this you find that there are two muscles
passing across from one shell to the other to close them when the
animal wishes to do so. I will now show you a mussel, and the
thing I want to direct your attention to is a part of the animal
which you see projecting from between the shells. It is called
the “foot,” and f a long and sléhder muscular organ, which in
the living state can be extended to as much as an inch and a half
or two inches in length. This foot in the mussel is used for
producing those threads by which it fixes itself; and it is perfectly
easy to see the creature make the threads. If you take some
mussels and put them in sea water, the first thing some of them
will do will be to anchor themselves by these cords. The way in
which the foot is used is this: it has on one side a deep groove
running from one end to the other. At the part next to the body
of the animal, there is a gland which secretes a sort of liquid silk.
The creature puts out its foot as far as it can, and feels abput for a
suitable place where to fix a thread ; then putting the end of the
foot firmly against the stone, or whatever the object is which it has
selected, it forms the groove into a tube by making its edges meet,
and then, by pressure on the gland, fills the'tube with the liquid
cement, holds all still for about a minute, then relaxes the sides of
the groove, and withdraws the foot, and a strong thréad remains
attachtd by one end to the stone, and by the other to the body of |
the animal. In this way the mussel forms a number of threads,-
which hoid jt firmly in its place. In the mussel, the water does
not enter befween the shells so freely as it does in the oyster, for
in the living"animal the edges of the two halves of the mantle are
kept in contact, except at two places where openings are left for
the currents to pass i» and out. The larger of these openings,
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where, as you see, the edges of the mantle form beautiful frills, is
the one through which the water is drawn in, and the smaller
opefting placed nearer to the hinge of the shell is that through
which it escapes. You may find mussely growing on many parts
of the sea coast; you can see them perhaps as well as anywhere
at Morecambe. There you find the whole of the shingly beach
matted over with these shellfish, living among the stones, and
there is a stone pier on the shore with mussels completely coveging
its sides up to extreme high wateg mark. It is remarkable that
mussels can live 1 sucn a position, since they mus. be entirely
out of the water for by far the greatest part of each 24 hours.
This is so remarkably the case with the musselg that in some
instances they are found living so high that oaly the spring tides
can reach them—that is, twice in & month for two or threedays,
and they live the whole of the intervening time with no fresh
access to the sea water. This has been explained, or attempted
to be explained, by the,fact that when the water goes from them
they retain their shells full, and that the animalcules which were in
that water breed and reproduce to such an extept that during the
interval they supply food for the mussel. -
I shall now show you a little parasite which is very commonly
found in the mussel; I dare say some of you may often have met
with them in mussels used for food. Here is a rough sketch of
my own, taken from life. The mussel was one which I got alive
from the sea coast. I had several of them, and whén put into sea
water each of them was found to contain a little crab. The crab
is well known as a parasite in shellfish. You see it there irs its
natural position. It is formed for living in shellfish, and it has not
accidently got in there. As you see it on the screen, you notice
that it has,fixed itself just at the part where the water goes into .
the mussel to feed it; and it holds its claws ready to lay hold of
anything sufficiently large to serve for its food, and which might
come in with the current of water into the body of the mussel
You will see then that this little &ab ought not'to be called a para-
site, in the sense of its being injurious to the mussel ; it is quite
the contrary, for it seizes anything that would be too large fog the
mussel to use as food, and so protects it from creatures which
might injure it. In our canals all over this neighbourhood, you
may find a shellfish very much like the sea mussel: it is called
the dreissena. It is a shell which came over from the' Baltic, it is
upposed, in timber vessels, by which means it got introduced into
the docks and canals of this country, and it spread to such an ex-
tent that now very few of our canals are without it. I may mention
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that the Beswick reservol}, now done away with, had its sides
completely paved with these dreissenas, or fresh-water mussels.
These are very capital things to have in a fresh water aquartum,
and you may see them make those threads for anchoring themselves,
which they do in the same way as the sea mussel, without any
trouble at all. They are also very useful in the aquarium because
they do what all other bivalve shellfish do—they filter the water
from its impurities; and they remain fixed in one place, which
is another advantage. :

I shall now show you another fresh water bivalve, very com-
mon in this neighbourhood—the common pond mussel. In this
case there is awvery large foot, which is the most remarkable part
in this shellfish. 1t is composed of interlaced muscular fibres
passing in various directions, and it comes out looking like a cow’s
tongue. The object of this foot is more for the creature to bury
itself in the mud than to go from place to place. It does use 1t
for locomption, but its great object is that liaving found a suitable
place it can fix itself there. This mussel, being of a good large
&ize, has a great deal more filtering power than the dreissena, and
1n the aquarium’ﬂ is very useful, as you may test at any time for
yourselves. If the water of an aquarium when newly set up
remains muddy, as it generally does, you will find that by putting
in one of these large mussels you will get it as clear as possible
in a few hoursy so that it well deserves the name of a “living
filter.” I got one of these pond mussels of the largest size from
the lake at Lymm, where they are very abundant, and kept it for
two years in a small jar of water only just large enough to hold it,
and the creature had nothing but a small quantity of our excellent
town’s water as its food for the whole of those two years. You

“know, as I explained in my first lecture, there are no afiimalcules
in our town’s water, and yet this pond mussel of mine had nothing
else supplied to it for two years, Now there is something curious
about that, but I think you can explain it from what I have already
said. The water was changed about once a week or fortnight, but
during the time the mussel remained in it, you must bear in mind
that‘myriads of animalcules would be developed, and these served
it for food. You haye here then a parallel case to that of the
sea mussels which live at extreme high water mark.

These common fresh-water mussels might be used for making
artificial pegrls. At different times a good deal has been thought
on this subject. It is perfectly easy to make them, that is, to

~make the animals make them. If you put grains of sand and
other extraneous matters between the soft part of the animal and
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the shell, the irritation caused by thenfproduces a deposit of car-
bonate of lime upon those extraneous matters and the concretidns
become larger by fresh layers being added in a concentric
manner, until they form very tolerabl® pearls. The Chinese
have carried out this notion to a very great extent, and constantly
make little ornaments of pearl by taking advantage of this pro-
perty of their common fresh water mussel.  They have little images
made of wax, or something of that kind, which they push in betveen
the soft part of the animal and the shell, and they will make as many
as a score of these pearl ornaments on one single shell. We have
in this country a kind of fresh water mussel which naturally pro-
duces pearls. Itis found in the river Conyay,4n North Wales,
and in the Lune, and other rivers in that district. This mussel is
found in rapid streams which run a’short course from the mointains.
These streams are sufficiently rapid to carry along with the water
both sand and fine gravel, and I think the reason why pearls are
found in this kind of ithussel is that extraneous matters frequently
gain entrance into the shells, and, causing irritation, lead to their
production. . -
I must now leave these animals and say a word or two about
cockles. I have a cockle represented there in a picture.  When
people cry “cockles” in the street, you always hear them say
“cockles aZive/” as though it were a great recommendation, as
indeed it is. But I very much doubt if many ofyou have seen
cockles alive. If you will dig up some of them from the shore
for yourselves, and put them into sea water, then you wil] see
your cockles alive, and you will find them something worth looking
at. You will see that by and by they put out a couple of tubcs
like those represented in the drawing, and the tubes are orna-
mented With a number of little tentacles or feelers. Now, if you
watch those feelers closely, you will see that those on the edge of
the tube through which the water enters are each provided at their
tip with a bright and beautiful little eye, the yse of which is
evidently to see what is coming in. Cockles are so abundant
that I scarcely need to mention particular places where they are
found. On any sandy coast you may find them in plenty? Af
Blackpool there is a great abundance of them, and to show you
their prodigious numbers I may say that in a_space of four inches
square I have myself picked out a dozen fair-sized cockles. At
Southport you know they are so abundant that it is said they are
\occasionally sent away by tons at a time. These cockles have
short siphons or tubes by which the water enters and passes out,
while in the mussel, as you saw, there was nothing you could call
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a tube at all. ‘The foot in%the cockle is a remarkable part of the
animal. If you see the whole of it you will find that it is bent
in the middle like an elbow. Though the cockle as a rule uses
its foot to bury itself, it can jump by means of this foot, springing
up in the air, and so moving itself to a considerable distance.
There are several kinds of fresh water shells something of the
nature of cockles which are worth saying a word or two about.
Thesy are found in all the ponds and canals in this neighbourhood —
litue bivalve shells, not half thessize of the cockle, but interesting,
as having the same kind of structure, and they are within our
reach to watch them closely in our aquariums at home. They are
called Spheriux.  There is one kind which was found about five
years ago by Mr. Darbishire in this neighbourhood, and which is
not kifown at the present time’ to exist in any other part of the
country than in the Manchester district. I have received it very
fine from Accrington, and I have also found it in the Peak Forest
Canal. This, which is called Spharium pallidum, isan Americanshell,
and is supposed to have been introduced in the vessels which are
gonstantly going :and returning from that country. There are
other shells nearl¥ like these, but so small as to be scarcely larger
than a pin’s head. These are found in ditches, about the borders
of fields, everywhere in this neighbourhood, and they are
interesting as showing the fulness and completeness of creation,
for their presepce in these miniature collections of water looks as
though Nature were determined to occupy with living creatures
every nook and corner where they can possibly exist.

I must now pass to some shells which are distinguished from
the cockles by very long siphons. I will show you one on the
screen. These shells include most of those pretty kinds that
people pick up on the sea shore for the sake of their beauty.
You may find plenty of them at Southport, but they are almost
always dead. On the beach at Penmaenmawr you may find these
shells in plenty, You will notice,in this case that the siphons or
tubes through which the water passes in and-out are very long;
these creatures have the same habit as the other bivalves I have
mentioned of burying themselves, but they plant themselves
deeper than those with short tubes do, and only have a part of
their siphons projecting above the surface. In this way they are
safer from their enemijes. The water passes in through the tube
nearest to the f0bt, and out in a constant stream at the one nearest
to the hinge of the shell. That, as it is shown on the screen, is
the natural position in which the creature lives, with the tubes
upwards. There is one kind of shell with these long siphons that
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you get in plenty at Southport buried ip the sand. You may find
it by its leaving a little groove on the surface. If you dig at one
end of that groove you will be sute to find a living shell-fish. Itis
called tellina solidula. If you take spme of them home and
put them in sea water, although the shells are not more than three-
fourths of an inch in diameter, they will put out siphons as much
as two or three inches long, and they really are worth examina-
tion. The way in which these siphons feel about as it were, to
get the best water for their purposes and to avoid anything inju-
rious, is very curious. I should shy, then, that when you find any
of these beautiful shellfish alive, you should always increase your
pleasure by taking them home and putting them in sea water, then
you can watch them and observe their mode 4f 1if8 before you kill
them for the purpose of keeping.  Talking of this subject, I may
mention that I was once walking on the sea shore, when" I saw
near to me a lady and her little boy, who were picking up shells
by way of amusement, By and by, the boy, who seemed in high
glee, picked up a shell and came running to show it ; but the lady
no sooner saw it than she exclaimed in horror and disgust—*“ O
you disagreeable child, throw it down, don't you see it is alive2”
Now it struck me at the time that this was not the way to instll
a love of nature into the child’s mind, nor was it the way to obtain
all the interest and pleasure which might have been derived from
the opportunities that were then at hand.

I shall show you one other burying bivalve, wlach is called the
“razor-shell.” Youfind these by thousands and thousands on the
shore at Southport, but youalmost always find them dead and eppty.
You have a representation there of both the shell and the animal.
At the lower part of the animal is a foot, which is very large and
strong, apd is used like a spade or digging implement. The upper
part, that which is cross-barred, is the gills. At the top are two
openings through which the water passes in and out. In that way
there is a rggular circulation of water through the upper half of
the animal ; the lower half is otcupied entirély by the foot. This
razor-shell buries itself deep down in the sand; it will go down to
the depth of a foot or more below the surface of the sand. These
razor-shells may be found living at extreme low water mark, and
in consequence of their burying themselves to a considerable
depth, it is only after a storm that they are digturbed and thrown
upon the shore. The reason you find them always empty when
lying about the sand, is that when thrown out by the sea, the
birds come at once and take out the meat, 2nd a tempest is there-
fore a rich harvest for them. There is a shell at Blackpool that is
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of a good deal of interest, and I mention this locality because,
although it is found all along the Lancashire coast, I know no
other place where you can so easily find it alive and in its natural
state. It is called Pholas Candida. A place where it may be
seen is about half way between Blackpool and Southshore. "You
may notice there on the sand, and projecting above it, a mass of
firm black peat. If you look closely at this, you will see that it is
the remains of an ancient forest. There are about a dozen stumps
of trees imbedded in it, and the rest consists of vegetable matter
hard pressed together amongsf the roots of these trees. At the
lowest edge of this mass you will see great numbers of holes in
the upper surface, and these are occupied by the pholas animals,
which bore thewholgs to live in. I mention this spot particularly,
because with your knife or any simple tool you can easily break
away % piece of this material with the living shellfish in it, and
take it home, put it all together in sea water, and see the things in
their natural state. The place at Blackpool, however, where these
shellfisher live in numbers is lower down in a bed of clay, which
you can see extending as far as the tide goes out. There, at low
water, you may wtlk over acres of this clay riddled through by the
pholas, and they present really a very curious sight. The waves
come in there over this flat bed of clay like a great planing
machine, and keep wearing the clay lower and lower, but slowly,
because the clay is very stiff and firm. As it wears away, the
pholas animals~are gradually laid bare in their holes, and when
that happens they die. Young pholases, however, begin life afresh
and go down deeper into the clay, so that you may see at any
time' there a very singular thing, which does not happen with
ourselves, namely, a great cemetery or burial ground of dead
pholas on the surface, while all the living generation age buried
below.

The next bivalve I shall speak of is the Teredo, or ship-worm, a
very formidable plague te wooden ships. It eats into thg wood, feeds
upon the wood, in fact, and bores passages in all directions through
it, so as to make it completely worthless. I will show you the animal
on the screen. There are two shells at the lowest part of the animal,
then ¢he siphons or tubes form the long soft part, and have an
appearance verymuch like a worm, which has given the name of ship-
worm to this creatures; it is, however, a bivalve shell. This teredo,
though it is such a pest to wood-work exposed to the §ea, has done
one trifling pood service, and that is, it is said to have suggested to
Brunel the plan of tunnelling which was used by him in making
;;Td’l‘l}ames Tunnel, and that I believe is all the good that can be

of 1t. "
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Leaving the bivalves, I shall now say one or two words about
the other mollusca. I told you that in order to obviate the
difficulty of putting a hard case upon the bag of viscera which
forms the chief part of the body of all shellfish, the mantle or
outer fleshy covering in the bivalves is split into two halves. Iu
the univalves of which I have now to speak, another kind of
provision is made for continuous growth, which is done by cutting
away one end of the mantle, so that the animal is at liberty to
grow in that direction, and consequently the univalves have alyays
the cone shape which you see anost evidently in the common
Lmpet. The univalves differ from the bivalves in this also, that
the foot does not stand out like a tongue, but is a flat disc upon
which the creature can walk with a sort of gliding motion; and
they have a projecting head with a mouth and organs of sense, as
sight and touch, because they go in search of food ands select
what suits them. There'is a remarkable thing in the univalve
shellfish, and that is that they have in their mouth a very peculiar
kind of tongue, an organ for taking their food, and this is in the
form of a long strap, the upper surface of which is covered over
with little hard teeth, set in transverse rows. ,The front part of
this long strap goes into the mouth, and there curves over a haml
cushion, so that there is.a curved surface able to be pushed out
from the opening of the mouth, and the teeth over that curved
part stand out like the teeth of a saw, or a half round rasp. By this
means these univalve shellfish rasp the food which they take
into their mouth. There are a great many kinds of univalve
mollusca, but I must only mention one or two; there are snails
and slugs for instance, with which you are all very familiar. #Most
people think of snails only as being injurious in gardens; but our
neighbours on the continent find them good.to eat. There is one
kind fothd in our southern counties which. is called the “edible
snail,” and it is called so, as Forbes remdrks, not because it is
better for food than the other kinds, but because there is more of
it. It does'not appear, howeyer, that even these large ones can
tempt us to try such delicacies in this country. The slugs, or
snails without shells, are a great plague to gardeners, but there is
one kind of them that deserves a word of commendation, bgcause
it does not eat vegetable matter, but feeds upon worms. This slug
is called testacella. It is found in some parts of this country, but
appears to have been introduced from abroads it is chiefly found
in nursery gardens. It is a very curious little creature, and has on
the very tip of its tail a little shell placed there like a shield ; the
wisdom of which. provision is at once evident when you remember
that the creature feeds on worms and goes down into the worm-
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holes in order to find them. But for this shield upon its tail, it
would be in danger of being eaten up from behind by another of
these worm-eaters on the same errand as itself, and this little shell
ig therefore of great use to the creature by guarding it in the rear.

The common limpet*deserves a word of notice. It has a
simple cone-shaped shell. It is found on every exposed sea-coast
sticking to the rocks, and its shape is beautifully adapted for
resisting the force of the waves. At low water at Puffin Island,
youdmnay find some very good illustrations of the limpet. Where
the sea is very rough, there you find the cone of the limpet is
flatter; the limpets there wear the limestone rock into pits just
of the same shape and size as the base of their shell, so that no
amount of sidew force can possibly dislodge them. They are
good illustrations of the conical shape which all univalve shells
have. €Generally, however, the ‘cone is not straight, as in this
case, but twisted like a corkscrew, as ‘you see in the common
whelk. If you could open this whelk-shell and make it straight,
you would, see it tien as a long cone; but by being twisted in this
way, the shell is made not only more compact but much stronger.
Thewhelk is an aggmal-feeder. It can put out at its mouth a long
tfank in which is contained one of those peculiar strap-shaped
rasps of which I have spoken, and which it uses for perforating
bivalve shells in order to get at the animal within. It bores a neat
round hole into a shell such as you often see in shells lying on the
shore, then puts_in its long trunk and extracts the meat.

The highest of all the mollusca are the cuttle fishes, of which
we have an example in this painting of the common octopus.
Nonefof our British kinds have any outside shell for protection.
They are very remarkable looking creatures ; the body is shaped
like a bag, and there are two great eyes, which give them an_in-
telligent expression, causing you to pity them when you see them
lying helpless on the shore. Round the mouth are eight or ten
long arms. These arms are covered on their front surface with
suckers by which they are able to lgy fast hold of anything they
wish to take as food. The mouth itself is provided with beaks,
like the beak of a parrot, and if anything is once laid hold of by
these swckers and drawn to the mouth, its escape is impossible.
At Llandudno, 1 have caught as many as half-a-dozen large cuttle
fishes, which_had been thrown upon the beach, and I had many
opportunities-of watthing them. If one is put into aspool on the
shore you will.see it swim' by a sort of rowing motion of its arms;
if, however, you tease it, as I am sorry to say I did with a
walking stick, it adopts a different plan of locomotion ; and this
plan is to make use -of the water which is alternately taken in and
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expelled in breathing. The gills of the cuttle fish are placed on
each side of the body, and are lodged in two pockets. The water
is drawn into these pockets by their expansion, and is expelled,,
when they contract, through a tube on the under side of the body,
and this tube havmg its opening directed forwards causes the
animal, when the water is driven from it very rapidly, to shoot
backwards with great force. I have seen one, when angry, shoot
backwards in this way with such force as to throw itself completely
out of the water. Sometimes in addition to this modes of
swimming they adopt another meaus of escaping danger, and that
is, they throw a quantity of black ink, which is a peculiar secretion
of the cuttle fish, and so leave a dark cloud behind them under
cover of which they can easily escape from an_ enemy in the water.

I have now brought before you, in these four lectures, four
different plans of animal structure*which are observed in th®lower
animals, or those included in the invertebrate division of the
animal kingdom. The first plan showed us that life may exist in
matter independent of*any organization at all. The seqond plan
showed that the stomach, whose duty it is to provide material for
growth, is the most important organ. The third plan showed an
infinite variety of designs for locomotion, all worked out from tHE
same original type of structure, and presenting to the eye of the
mechanic every conceivablle plnn and contrivance for effecting
that object, and all to be scen in perfect working order. And
the fourth plan, the one that I have brought befgre your notice
to-night, where the body consists of a bag of soft organs; the
illustrations of which are perhaps chiefly interesting and valuable
on account of the endless forms presented by the protelting
shells. These shells, being uniformly hard and strong in their
texture, will give to the intelligent engineer the most perfect and
suitable iflustrations of the exact form required in each instance to
gain the greatest strength with the smallest )quantity of material
for various purposes to which cas.-iron can be applied. It is strange
that those whose business it i§ to create—for all machines and
engineering works are creations—appear to have generally neglected
these perfect models, and worked out with infinite mental labour,
and great waste of time and money in blundering, the veryesame
ideas that are clearly and exactly illustrated over and over again in
the natural world. It is not, however, within the province of the
naturalist to do more than try to have it understood by those con-
.cerned, that all animated nature is full of hints for perfecting
existing mechanical contrivances, and of suggestions for inventions
not yet even thought of, which may promote the comfort, con-
venience, and happiness of mankind.






ON COAL.

PROFESSOR RoscoE, who presided, introducad tfe lecturer, and
stated that his subject would be ‘¢ Coal, its economical valye, and
its importance in the arts and sciences.” Professor Roscoe added
that the lecturer had made a special study of the subject of coal,
and had published a hook which had attracted great and deserved
attention from scientific men, manufacturers, and the Government,
and had led to the appointment of a Royal Commission for
inquiring into the subject of coal, the amount &f its consumpticg,
its probable duration, &c.

Professor Jevons explained that his remarks would be a con-
tinuation of what Dr. Roscoe had told them in his lectures about
coal, its numerous uses, and the great power evolved from it by
its conversion into heat and motion. Perhaps, consinued Professor
Jevons, the best way of showing you what coal does Tor us is to
enumerate a few of the principal uses of coal as we apply it.
First of all is its domestic use. We use it for warming our
dwellings and for cooking. I think that during the present severe
weather jnobody will mistake the value of coal in warming our
houses. I see a great number of carts of coal going about the
streets—everybody seems to be trying to get a good supply ; but
Dr. Roscoe tells me that his coal cellar is empty, much to his
inconvenience. I am afraid that a great many others may be in
that unfortunate position, with the thermometer near zero. I will
give you an idea how much coal is used for domestic purposes.
According to the common estimate, the average consumptlon of
coal for each person annually is one ton, which would make
about 30,00e,000 tons per annum, in the Unitgd Kingdom. It is
obvious that we should not know what to do without coal, for
there is not timber enough in the country to supply the fires, It
we burnt wood, we should need to plant nearly the whole of the
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country with trees. In France wood is still used as fuel, and
much valuable land has to be given up to the growth of forest
trees. Even in the United States, which used to be considered
an inexhaustible country, the scarcity of wood is becoming felt in
some parts, and the Washington government has recommended
the planting of trees in some of the states. But the domestic use
of coal constitutes a small part of its utility. The next use I may
mention is in the working of the metals—for instance, in the
Dlacksmith’s forge. From the earliest times coal seems to have
been used for the blacksmith’s«fire. It is peculiarly suitable for
making that sort of “breeze” or small coal which is necessary for
the blacksmith. It is very probable that the abundance of coal in
Staffordshire arM Yerkshire assisted in the formation of the iron
trade, and the production of those numerous hardwares for which
Birmin'éham, Wolverhampton, ahd Sheffield are celebrated. But
in the present day we use coal in a much more extensive way than
formerly, in the coal blast furnace, in making iron. Another use
of coal isin the salt trade, which is confindd to a limited district,
where the salt rock occurs in Cheshire; but that small district
sypplies the great@ part of the world with salt. Salt was originally
derived from sea water, through evaporation, by the sun’s rays;
instead of the heat of the sun we now use heat from coal, which is
employed for boiling the salt pans. Without this cheap fuel, salt
could not be produced at its present low cost, so that we are able
to send salt tqeIndia, Australia, and South America, and almost
every part of the world. We use coal again in the chemical
manyfactures of this neighbourhood. It is almost impossible to
carry on any chemical operation without an abundant supply of
heat, for boiling, melting, evaporating, dissolving, &c. The chief
chemical manufactures are situated between Manchester and
Liverpool and on the Tyne, the banks of which river aré covered
with them, as is evident from the fumes and the great heaps of
refuse. But far more important is the iron manufacture, or the
smelting of iron with coal. This mode has arisen within the last
roo years. It was not until the middle of the last century that
men succeeded in making iron by the use of coal; previously it had
bevn €one by charcoal. To such an extent has this trade grown
that during the last year 28 million tons of coal were used in
smelting and puddling iron, that is making it into wrought iron.
In all these trades coal produces heat, which is used directly.

The next ‘dise is where we turn the heat into force, as in the
steam-engine. , I need not in Manchester remind you how much
the steam-engine does for us. It is used to do the greater part of
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onr work, and such is its force that the people of England are said
to perform as much work by the aid of the steam-engine, as all
the people in the world could effect by hand labour. I will
enumerate a few of the uses of the steamrengine. First of all the
engine pumps for us, that is to say, it gives us the power ot
raising watet. You may not at first appreciate the full importance
of that use, but the engine was invented for the sole purpose of
punping the water from mines, and without the pumping-engine
we could never have had our mings to anything like their present
depth. The iron trade, again, is impossible on a large scale with-
out the engine; of course iron was made before the engine
was invented, but not to the same extent. 'The imost difficulty
was felt a century ago in commanding blast “power sufficient for
iron works, and it was only by the engine that the powew could
be obtained which is necessary for producing large iron plates
in the rolling mill. It would be utterly impossible to obtain this
power by means of wind mills. From zo to 50 wind mills would
be required to produce the power often needed in a”mill, and
during one-half of the year there might be no yind at all, and the
works would come to a stop. Again, the engine is necessary %or
all our machinery in Manchester. Steam-boats depend entirely on
coal, for not only are their hulls and engines made of iron, but they
are propelled by coal. I do not think that sailing vessels will be
used much longer for passenger traffic and the conveyance of the
more valuable class of goods. There will be as livlegravelling by
sailing vessels as there is now by canal boats. If any of you
remember the Liverpool harbour and decks 20 years agey and
know what they are now, you will realize how important a part
coal plays in our steam navigation. Again, I need not femind you
that our‘inland conveyance is carried on by coal. The locomotive
is made by the use of coal, and it burns coa} ; the railroad is also
made by the use of coal for it 1s an iron road ; and although our
railways do a great deal for us, I think they will yet do much more.
I do not think we have reached the limit of railway construction
even in this country, and as to the rest of the world, with the ex-
ception of a few countries, they have yet to make their railways.
Probably you think that I have mentioned enough uses of coal,
but you must nct forget that this room is lighted with coal, and
that all our best means of illumination are now derived from coal.
For nearly 5o years we have had gas illumination, and it has been
gradually extending until now every small town:in the country is
highted with gas. But during the last twenty years we have’
¢ommenced the production of petrolenm or paraffin oil, that
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now fill our lamps. I think you can get a good lamp for sixpence,
and a better light than by any tallow dip for about a farthing per
night. Candles used to be made of wax, spermaceti, and other
expensive materials ; as‘fine looking candles, and much cheaper
ones are made from parafin, which is derived fromcoal. Nor can
we see any end to the uses to which the oil derived from coal may
be applied. The thicker oils are used as lubricants, taking the
plage of palm and other oils. We have used tar for along time as
a kind of paint to preserve woad, but it is only of late years that
it has been found to yield a multitude of valuable things, such as
colours and scents. The beautiful mauve and magenta colours are
derived from cqal-tar, as well as the pine apple and other flavours
that are used in the‘manufacture of sweetmeats. We used to think
that abl the wealth came from‘India ; it comes rather from the
“black diamond,” as coal has been appropriately named. The
coal mines are our Indies. Dr. Roscoe told you the other night
that the diamond was nothing but carbod. A diamond hardly
larger than your finger end would be worth thousands of pounds,
but I think that, aggording to a just estimate of utility, a ton of coal
is¥ far more valuable. Yet you can in some places get a ton of
coal at the pit's mouth for five shillings.

Now, considering all these things that coal is capable of pro-
ducing, we cannot be surprised to find that the coal fields are the
chief seats of our industry. I can give a very simple reason for
that, namely, That if you carry coal far its price is very much
enhanced. Coal at the pit's mouth is perhaps the cheapest thing
we usz, but its transit to any distance doubles its price. Iron costs
48 a ton ; copper, lead, and other metals nearly £100 a ton, yet
coal, which is capable of producing all these things costs but gs.
a ton. Although we have developed ways of carrying things
cheaply, you cannot carry coals to London without about
doubling its price. The best coal, which will be gs. or 1os. at the
pit's mouth, will cost about 2o0s. jn London. In Brighton Dr.
Roscoe informs me that coal is 32s. a ton ; it is obvious, therefore,
that no business can be profitably carried on in Brighton' which
requirgs a great consumption of coal. A large number of iron
ship-builders in London (15,000 it is said) are out of work.
Various reasqns have been assigned for this, but I believe the real
cause is the high prite of coal and iron in London, owing to the
cost of carrisge. . Iron cannot be carried to London without
increasing its price about 15s. per ton. The quotations of iron in
the London market. are always higher than in the Staffordshire
market and in the other iron and coal fields. Coal is also dearer
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in London, consequently shipbuilders cannot compete with builders
on the Mersey and the Clyde. I could never quite understand
why the masters established iron ship-building in London, where the
articles used are so much dearer; and dt is not surprising that
several of them have failed. The unfortunate result of this
misplaced trade is, that when bad times come, and the demand
for iron ships falls off, thousands of workpeople are idle and
suffering. To show you how the trades arise upon our coal fields
and stick to them, I will show you a plan of the English toal
fields. [Professor Jevons exhibited on the illyminated screen a
series of maps showing the coal fields and the grouping around
them of the great trades of England.] There was no part, it
appeared, where population was so coneentrited as about
Manchester.  The South Wales,coal fields were said to bg inex-
haustible. In Staffordshire the coal was 3oft. thick and néar the
surface. The fields in Yorkshire, Shropshire, Durham, Cumberland,
and Scotland, were pointed out. There was a small field of coal in
the Forest of Dean, a tract of country which was formerly very
celebrated. An immense trade had sprung up in South Wales.
The Newcastle field was the oldest. For five Centuries Newcasfje
had supplied London with coal through the coasting trade. From
the Whitehaven field Ireland was supplied. The Scotch fields
were in Ayrshire, Fife, and the Lothians.

The Professor next pointed out the scartity of manufacturing
towns in the agricultural districts, such as Lincclg_and Bucks.
In the agricultural counties there were handicrafts carrid on, such
as straw platting, making boots, gloves, lace, &c. These trades
were unknown in the mining and iron districts, where they had
more profitable trades. He mentioned instances to show how
trades skifted their locality through the discovery of coal. The
woollen trade of England, he said, was for many centuries its
staple trade. The Lord Chancellor sits upon a woolsack, as an
emblem of England’s power. The wool trade was formerly most
prosperous in Norfolk, but it Had almost disappeared- from that
countyy and was transferred to Yorkshire, because the weaving,
&c., was now done by steam power, for which a new and cheap
supplyof coal was necessary. A more surprising instancewas the iron
trade. Formerly the iron used in England was made by means of
charcoal, and the chief seat of the trade, was Sussex. The
charcoal was got from the woods, taken to a small forge, and
power was got from a waterwheel. About 200,000 tons were thus
yearly produced in this country a century ago, not more than is
now turned out of one iron works. The iron trade has now
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removed to Staffordshire, South Wales, Newcastle, and Scotland,
and there is not a ton of iron now made in Sussex, or anywhere
near it.

It is difficult to express what a contrast Lancashire now presents
to its former condition. About the year 1400, four centuries and
a half ago, it was looked upon as a kind of morass or waste, and
the people were supposed to be so uncivilized that travellers did
not like to venture into it. Some ancient documents recently
discovered, show it to have been about the poorest county in
England.* One of the most reliable early English writers was
Camden. In his “Britannia,” a celebrated book, he speaks of
Lancashire as & that country lying beyond the mountains towards
the western ocean.”” He spoke of the people of Lancashire as if
they were but half civilized. He says, “first of all, the people
whom I approach with a kind of dread. However, that I -may
not seem wanting, I will run the risk of the attempt, hoping that
the divine assistance which has favoured mc hithertp will not fail
me now.”™ That is the way in which he regarded our forefathers—
for I have the plegsure of being a Lancashire man.

<An enlarged m#¥p showing the localization of the trades was
then shown. Almost every trade was found around Manchester,
excepting the great iron trade. He did not know why the metal
trades were not more numerous on the Lancashire coal field—but
perhaps it was becausé we had so many other things to do. These
trades werg, owever, springing up, and one of the finest steel
works in-the country, was that lately built at Gorton. He had
hoped to have another map showing the railways, but the snow
had prevented it being photoyraphed. This map would have
displayed the remarkable fact that the railways were most ramified
and numerous close upon the coal fields. In the agricultural
districts the railways were fifteen to twenty-five miles apart. The
lines that paid best were those connected with the eoal fields.
Some of the earliest railways, such as the Great Western and the
Great Eastern, which ran through %gricultural counties, were now
the most unfortunate, although at one time great hopes were
entertained of their success. On the other hand the railways that
ran thfough coal fields, or were connected with them, especially
the London and North-Western, appeared to have the power of
developing an endless amount of traffic. This connection of
railways apd the coal trade, the Professor added, is more intimate
than you think. The fact is we owe the railway to coal. Railways

* See Professor Roger's History of Agriculture and Prices in England, ., -
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were invented two centuries and more ago for the purpose of
carrying coal and for no- other purpose, and for nearly two
centuries they were used only for carrying coal and a few other
minerals. Again, it is by the use of thie locomotive, another
product of coal, that we have been able to spread railways. And
what I want to point out is that the railway system is still
necessary for the coal trade, for we could not carry the weight of
coal we require by any other means. Twelve of the great railway
companies last year carried 50,000,900 tons of coal, the remainder
was carried by the other companies, and by canal and sea. The
enormous amount of coal we raise depends greatly on the railways for
its conveyance to the several towas and villages of the £ountry, and it
is only by cxtending our railways still further that we can develop
the coal trade in a way that the coal owners desire. There #re at
present several schemes aflnat for extending our coal railways:
one line is to run all the way from Newcastle to London, purposeiy
to carry coal; another*is to run right through the Laacashire
district, in order to carry coal to Liverpool and to ship i there, as
well as to supply the steamers. Another line is designed td carry coal
from South Wales to London. Now it is plainly by the use of
railways that we develop the coal trade, and it is the coal trade
that favours the extension of the railway system; they work one
into the other. I will point out another proof of the result of the
use of coal depending upon the density of population.

On an average of the whole kingdom there are 344 P%agps toa
square mile. In Lancashire we have 1,280, that is nearly four
times as many as in the rest of the kingdom. Staffordshire Bas
652, the West Riding 564 persons to theisquare mile. Now
contrast that with some of the agricultural cdunties :—:Bucks 230,
Hereford 17, Dorset 192, Lincoln 148. . e

The most striking proof perhaps of what cbal is doing for us is
shown in the progress of population. All’the coal producing
counties are increasing very rapidly. Lancashire in the ten years
from 1851 to 1861 increased in population 20 per cent, Stafford-
shire 23 per cent., West Riding 14 per cent, Durham 30 per cent.

«Glamorganshire 37 per cent. Now of these counties Durham and
Glamorganshire are the two counties where the coal trade has been
developed most rapidlyy Compare those numbers with the
following for the agricultural counties —Bucks 3 per cent,
Hereford 4, Dorset 2, Lincoln 1, Somerset no increase at all; but

\that is a great deal better than a falling off, which we find in a good

. many counties, . Suffolk diminished 2 per cent in population,
Wiltshire 2, Cambridge 5 per cent, s

H
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I might go on to point out the changes in towns. It is curious
that the larger towns are the more rapidly they increase propor-
tionately to their size. I will read a sentence from the census
report :—* The towns where silk and woollen goods and gloves
are made increased slowly; the towns famous for cottons, "for
stockings, shoes, and straw plait increased more rapidly. The
increase of population was most rapid in the seaport towns, and in
the mining districts, where hardware is made, in that direction the
tide of natural industry has recently flowed.”

I might show you in another way what coal does for our
manufacturers, by accounts of the quantities of goods produced,
by showing in' shost upon what we live. It is obvious that we live
to a.certain ‘extent upon the wheat, barley, oats, potatoes, cattle,
and garden produce of our fi€lds, gardens, and dairies. We also
spin and weave the wool of our own sheep, and the flax grown in
Ireland. But it is obvious that these products are not capable of
much ificrease. On the other hand we use every year a great
quantity ¢f forcign produce, not only wheat but things that do not
vgrow in Englandy, Thus we get sugar from the West Indies, tea
and silk from China, rice and spices from the East, and cotton
from almost all parts of the world. How do we get these things ?
Of course we have to pay for them. For every £100 worth of
material brought in.o the country we must send out £rco worth
in return. -s¥o India we send a great deal of gold that we get
from AfStralia, and we send silver got from South America. But
hew do we get the gold and silver? We must pay for them. We
get them by means of our coal produce. We work all these
materials up into things which other nations desire to buy, and it
is only by constantly shipping more and more goods that we get
more and more additions of material and food. The ¢onsequence
is we must go on using more and more coal in our manufactures.

I will now draw your attention to the quantity of coal we use,
and the value of it. w

Perhaps you might say that it is not our coal alone that is so
valuable, but our copper, iron, and lead mines. But these are
unimportant in comparison with coal. I can tell you exactly
what these things are worth. Mr. Hupt, of the Mining Record
Office, in Londan, states that in 1865, the value of the ores raised
was :—iron, coppet, lead, &c.; £7,821,000; coal £24,537,000; so
that the-value of coal is three times as much as the other minerals.
Yqu may see this in another way. We not only use our own
copper, lead, iron, gnd other ores, but we import largely from other
countries. The fact is that the Cornish copper mines are beginning
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to fail, and we can get metals cheaper elsewhere. Many years ago
there prevailed a notion that we were using a great deal of coal,
but there were only wild guesses as to the quantity, until 1854,
when the first return was made at 64,600000 tons. Since then we
have had accurate accounts of the consumption of coal cvery year.
The following table shows the guantity of caal raised and exported
in Great Britain from 1854 to 1865 :— (See Postscript, p. IIV)"

COAL TRADTE OF GREAT LRITAIN. 4

Coal raised, Coal exported.

64,061,000 tONS v veernnnras 4,300,000 tons
64:453)000 39 st 41976!000 ’”
60,045,000 4,5  ciiieiniains 5,879,000 ,,
65,304,000 ,,  ...o.iiiinaan 2,737,000 ,,
65,008,000 ;5  ce.venenn ®.. 6,529,000 ,,
71,070,000 550 everiiennns . 7,081,000 g,
83,208,000 ,, ...i... veeee 7,412,000 ,,
85,63:,000 ,, 7,222,000 ,,

7:694a000 3
7’5297000 ”
8,063, ’e
8,585,000 ,,
Last year people were rather alarmed to find that the consumptien
had risen to 98 million tons. It is hard to form a notion of what a
million is. At the Crystal Palace they have printed a piece of
calico with a million dots, to enable "people to see how many-a
million is, but you cannot take in the number with the cye at all,
consequently you cannot conceive what a hundred ‘millions would
be. But to give you some notion of what the weight ait® size of
this coal would be, I have drawn here a representation ofs the
Great Pyramid of Egypt, and anothcr picture by the side of it, of
the much greater coal pyramid which we consume every year.
The Great Pyramid, it is said by Herodotus, was twenty years in
building, and it took 100,000 men all that time to raise it. It
contains 3,394,307 cubic yards of stone. The coal raised last year
would make a Pyramid of 00,000,000 cubic yards, since a cubic
yard of coal weighs very nearly®a ton. The quantity of coal we
raised is therefore thirty times as much as the Great Pyramid,
which is considered one of the greatest works ever erected. The
largest stone work in England is said to be the Plymouth Break-
water, but the Great Pyramid contains six times as much stone as
that; yet our coal raised in one year was thirtyetimes as much as
,the stone in the pyramid! -
. 'The question has been suggested by a number of writers as
tc whether sooner or later, we shall not get to the bottom of
our coal mines. A hundred million tons of coal is an enormous

83,638,000 ,,
£8,292,000 ,,
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quantity to consume every year; but it is not this amount that
is so alarming as the rate at which the consumption increases year
by year. In 1865 we used half as much again as in 1854. Now
if we go on in that sort"of way—if in 1876 we use half as much
again as we do now, and still went on in that way, we should get
to amounts that would be alarming to contemplate. Some people
say we shall not do so—that we shall economise our coal, use it
more carefully, and get more power out of it in the steam engine.
The fact is, we are doing that pow. Iron is now made by much
less coal than it used to be, yet we use more coal than ever.
Engines are better now than they were in 1854, but this has not
cut down ourcroal consumption ; then what is the likelihood that
it will do so in thé future? The fact is that coal is a thing of
such *alue to us that we cannot help spending it—there is more
temptation than we can resist. It is such a useful substance that
we find wealth in it more and more every year. The consequence
is there js one trade that always seems beisk. If you read the
trade reports in the newspapers, you will see that the Cardiff steam
coal trade alwaps seems to be brisk. But, I ask myself, is it
rtally favourable for us to be spending our capital at this rate, and
will it always be so?

And again, it is not so much the amount of coal that we use, as
that compared with the coal produce of other countries which is
astonishing. It is obvious that our enormous power of coal
partly exrhdn§ our extraordinary position in the world. You will
appreciiite what I mean when I compare the total produce of coal
in Britain and in the world. We used 98 millions; now the
known coal produce of the whole world is said to be 164 millions,
so that we used 6o per cent of the coal used in the whole world,
although we are only 30 millions of people out ot ahout 1,220
millions. All the Anglo-Saxon nations together use 116 millions,
or 70 per cent—seven parts out of ten are used by one race.
This may explain, in some degree, the advance of this race in
material power and possessions. But then we ought to look at

"the comparative quantity of coal in different parts of the world.
Professor Jevans referred to a map showing the proportion of the
coal in varjous cotintries. Russia was said to have a large
quantity of ¢oal, but scarcely any of it was worked. Australia has
a certain sypply. “New Zealand has a small deposit. The maker
of this map*has indeed inserted a large black tract, or coalfield, in
the inteﬁgr,of Australia. Now, if he is correct, and ‘there are
really those extensive coalfields, Australia will prebably become

the first country’in the world. But I am very much afraid it i5 a
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mistake. But when you come to North America we have the
most solid reality as to the extent of coal. In the interior there
are great expanses of coal of the most perfect quality, and in
circumstances most suitable for working, suth as the Pennsylvanian
and Mississippi fields. The better way will be to compare the
relative extent of coal produced in different countries :—Great
Britain, 98 million tons; Zollverein, zo0; United States, 16}
(rapidly increasing); France, 1o; Belgium, 10 (also rapidly
jacreasing) ; Australia, 4}; Russia, 14; Spain, 300,000; New
South Wales, 250,000 ; Ireland, 123,000. The last quantity is as
much as one respectable colliery in England would turn out. It
is said that there is a largé area of coal in Ireland, 't it certainly
is not worth much. Among all the reasons given for Irish misfor-
tune, this absence of coal goes a considerable way. »

Now let us compare thesc products of coal with the quantities
believed to exist in different countries. 1 have represented the
extent of the English cbal measures by a black square indicating
5,400 square miles; Prussia contains 1,370, much less than
England ; so with France, 984. The United States contain the
lirgest area of coal in any country—viz., 196,000 square mile®.
They have the means of developing the coal trade almost
indefinitely.

The only thing that remains to be said is as to what we ought
to do under the circumstances. The fact is that if other nations
go on increasing their yield of coal—especially if Amé¥sq develops
her resources, as she must do—then we: cannot hold Such a
prominent position as we do now. I do not say that we cafnot
always be pretty well off, but we cannot take the lead in the
markets of the world, and have the largest shipping and coal
trades, anfl the largest manufactories, becagise not only shall we
find it difficult to get coal for ourselves, butithey will be getting a
great deal more, and coal will be much mdre valuable 5o or 100
years hence, because it will be mgore and mdre a source of power.
Some people think that we ought to begin cutting down our
produce of coal, and that we ought to prohibit the exportation to
France and other countries. But that is a very narrow-mipded
view of the question. I do not know that we have a right to keep
things to ourselves in that manner. I think it is the duty of every
country to use its wealth to the best purpose, aftd to communicate
it'in the way of free trade. We do not give them our coal for
nothing—we get something for it ; and it would be in gvery wav
a most short-s?%hted policy to violate those admirable doctrines of -

free trade which Manchester has done so much to establish. But
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if by increasing our trade we are diminishing our wealth for the
future, then we ought to be thinking about that. It strikes me
that the best way to prepare for future time is by taking every
advantage of the present. I do not think that our descendants will
blame us if we take proper precautions to use our coal economi-
cally, and to get the best possible return for it—that is to say, the
most force and the most wealth, and not to burn it needlessly
upon waste heaps, as is sometimes done. And, sccondly, when
we get this wealth from our coal, we must take care to turn it to
the Dest account. We must use our wealth as it ought to be used.
If we use it in mere luxury and mismanagement, such as in our
dockyards, weshall be justly blamed ; but if we use it in improving
the condition of ctery one, so far as it can be improved—if we
use ik, in providing education, jin improving the dwellings ; and if
we could Dy any possibility use it so as to do away with pauperism,
and to provide libraries and institutions, or anythinf that will
increase the power and improve the character of our people, then
T think we shall never be blamed for using our coal too fast. This
is the way in welich we shall best provide for any future difficulties
under which our country may labour.

A vote of thanks to the lecturer, moved by one of the audience,
and carried with applause, concluded the proceedings.

—_—

POS';_‘:'_"A;‘H:T.—SCVCI'Z].] years having elapsed since the delivery of
the above lecture, the following additional figures can be given to
show the subsequent progress of the coal trade of the United
Kingdom.

Year. Coal raised. Coal axported.
1866 .eeeveenenn; 101,630,000 tONS «vveessssnss 9,367,000 tons
1867 iviniiiannn 104,500,000 4,  seeineniinns 10,565,000 ,,
1868 ieeiiiennne 103,141,000 ,,  ceeiinnennns 10,967,000 ,,

1869 ceeeevescees 107,427,900 ¢ sessecneeess 10,744,000 ,,



FOUR LECTURES

ON

ELEMENTARY PHYSIOLOGY.

LECTURE 1.
FOOD AND DIGEST.IO."I.

PHYSIOLOGY concerned with the workings of the animal body. The
body is igea statc of constant renovation and decay. The body com-
pared to a steam cnging at work.—How is the body kept warm? How
is it repaired 7—Food. From what elements derived—Oxygen,
Hydrogen, Nitrogen, and Carbon-—Experiments showmg some of the
properties of these gases. Plants prepare food. Plants absorb
carbbnic acid, water, and ammonia from the air—animals ecat plants.
The principles of the animal body are found in plants—albumen in
cabbage—fibre in wheat™—casine in peas.—Flesh-making food—Heat-
giving food—fat starch—mineral food—diet of the Jgguimaux. In
the process of digestion food is rendered soluble and pulv‘ci\ted. The
mouth—its structure—changes which the food undergoes in the mouth.
Insalivation—swallowing. The stomach--structure and situation of
the stomach—gastric digestion—gastric Juxca—-acxd in the stomach—
endosmosis—exosmosis. The pylorus the commencement of the small
intestines. The bile and pancreatic juice<—fat converted into an
emulsion by the bile.

THE subject, my friends, upon which I am going to speak to you
this evening, and on several other occasions, is a very interesting
and a very important subject—it has to do yith thesworkings of
our own bodies. I dare say there are many men in this room who
are skilful mechanics, who know a good deal about the working of
intricate machines.  Many of you, I doubt not, thoroughly under-
stand the mechanism of a watch others again are acquainted
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with the steam engine; others can explain how the microscope
and telescope are put together ; but I engage to say that very few
of you know anything about what goes on in your own bodies.
Surely these machines are as important to us as any of those I
have mentioned. Now, it is with the workings of these machines
that physiology has to do. Physiology is a long word, and in the
course of my lecture I will try, as far as I possibly can, to avoid all
long words.

You know that our bodies are made up of a number of different
organs and tissues. In the first'place there is the heart, the central
pump in the middle of the body, which distributes the blood
through its vegsels. Then, again, there are the lungs which purify
that blood. en, again, there are the stomach and bowels, which
preparg the food, and gradually,turn it into blood. Then, again,
there are the brain and the nervous system, which regulate the
whole working of the frame. Now, it is with all #kese that
physiology has to do ; it is concerned with their functions. The
word furfction means the same thing as duty. The different
organs and tissags have all distinct and separate duties or
fugctions; and tMe science which deals with them is called
physiology.

Our bodies have been compared with the steam engme, and
there is a certain sxmllanty in the manner in which the one and
the other fulfil the work assigned them. Look closely at the steam
engine. What takes place there? You put fuel into the furnace,
the wates in the boiler is heated, and expands into steam ; then
the pjston works up and down, this moves the wheels, ]omts, and
levers, and so the whole engine is set going by the fuel or coal
which is put into the furnace. Now, just the same thing happens
in our bodies. We take food, that food passes into the stomach ;
by reason of that food we are kept warm, muscular force is
developed, and the levers and joints within us are set working, as
we see in the steam engine. There is, however, an important
difference between the two. You know that the burning of the
coal in the furnace has a tendency to wear out the sides of the
boilers; and the passage of food through :the stomach also
has a %endency to weur out its coats. How is this wear and
tear renewed ?. It i3"renewed by the food, for we not only
take food to' warmeus, but we also take food for the building
up and repaislng of the bodp It is not so with the steam
.engine. When the iron boiler is worn out, we cannot throw
in masses of ircn to be converted into a new boder, or to repair
the old one ; but we are forced to stop the working of the engine
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and to put in new plates. You see, therefore, that our bodies
far surpass the steam engine, 1n the perfection of their me¢hanism,
inasmuch as they are self-repairing. .

Having told you that our bodies are,both repaired and kept
warm by food, let me say a few words now in regard to that food;
of what it is composed. If we separate food by chemistry into its
constituent atoms, we come to certain elements beyond which it
cannot be divided. What are those elements? They are princi-
pally four, oxygen, nitrogen, hydrogen, and carbon. These four*
elements enter largely into the cofhposition of food. Now of these
elements three (hydrogen, nitrogen, and oxygen) are gases. Does
it not appear to you a mayvellous thing that elements, which when
separate are mere gases diffused through air’and water, should,
when combined together chemically, form solid articles of food?
In addition to the three gas=s, there is also carbon. Now what is
carbon? §ou have all seen it in charcoal; another form of carbon
is the diamond. I will,now try to show you a few of the properties
of these elecments. And first as regards oxygen. Oxygn is the
gas of which there is about one-fifth always present in the air.
There is about that proportion in this room at the present timg,
and the other four-fifths are composed of nitrogen. In the air these
two gases are not chemically combined; they are merely mixed
together, diffused one through the other. Now it is a curious fact
that when they are not actuglly combined, the nitrogen appears al-
together inert! it seems merely to render the.oxygen less active; in .
fact it has a diluting effect, such as when water is mixeg wiu.&randy.
Dr. Morgan then burnt a piete of phosphorys in a jar of oxygen,
which emitted an intensely brilliant light. This illustration showed
the power of oxygen to support combustion. He next explained
that hydrpgen was itself inflammable, for the moment a lighted
paper was inserted into the jar it became ignited, betause of the
oxygen of the air combining witn it. The result of the combination
being the production of a small quantity of water—a combination
in fact of oxygen and hydrogen. Another experiment showed
still more stnikingly the close affinity of these two gases. It was
the explosion of a bladder filled with oxygen, the report being as
loud as a cannon. °

I am not showing you these experiments, continued Dr,
Morgan, merely to make a blaze or cause agy explosion, but to
impress upon your minds some of the properties of these elements,
and that we are concerned with them because they are the
principal elements of food. Another element of food is nitrogen,
with which this jar is filled, and you perceive that it has the power
of extinguishing flame : the moment I introduce this candle it goes
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out. The last of the elements I shall bring before you is carbon;
look atghis piece of charcoal ; that does not look a very tempting
ingredient of food ; nevertheless this carbon, when it is in combina-
tion with these gases, assists in forming some of the most savoury
and delicious articles of food. You must allow that this is
strange—that these mere gases and this black charcoal, with
perhaps a little sulphur, can by any process be elaborated
into food. Now let us consider how this takes place. By
what agency is it done? It is done by plants. Qur stomachs
could not get food dircctlyc out of these gases and this
chaicoal ; plants can ; and let me here remark, therc is one obvious
advantage in these gases being diffused throughout the world, for
so they are evirywhere present, and brodght into contact with the
plants.  Plants cannot go about and seek their food like animals.
therefbre it is necessary that the food should come to them, and it
comes to them after this manner. ‘The elements have a natural
tendency to combine, so oxygen combines with carbon and forms
carbonicevacid, nitrogen combines with “hydrogen and forms
ammonia, and qgygen and hydrogen together forin water. How
this is effected wecknow ; not but we may suppose that one little
it of carbon is taken hold of by two little atoms of oxygen, each
impressing on the other some change whercfrom results carbonic
acid—the same sort of process leads to the formation of water and
ammonia. Ammonia is the pungent gas which, when you smell it,
stings your ngstrils and brings tears info your eyes—you can easily
make qrr‘a,erﬁﬁéa by putting some horns, hoofs, or nails into an iron
tube, and then heating the tube, when ammonia will be given off.
Ammonia is present in the air, sometimes to a considerable extent,
especially after thunder storms. Ammonia is also present in large
quantities in the soil, in fact the richness and value of 1uanure
depends 1n no little degree on its ammonia. o

Carbonic acid is also present in the air. There is a considerable
quantity in this room, and so there is of water in the form of vapour.
Now upon water, carbonic acid,,amd ammonia plants are able to
support themselves. What do they do? Why the moment the
carbonic acid comes into contact with their leaves they take hold of
the earbon, the solid part, and store it up, sctting the oxygen free.
In the sume way they make use of the ammonia and the water,
which, after euntering upon new combinations, are stored up
within them, In this way plants prepare food out of the soil and
the air.

What do animals do? You know that animals feed on plants,
Naw it seems natural that when we eat the flesh of animals it
should be turned into human flesh; but it seems extraordinary
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that wheat, and flour, and oatmeal, and things of that kind, should
be turned into muscle, and that we should be able to get#food out
of those substances. If that surprises you, you will cease to be
surprised when I tell you that there arg the same principles of
food in plants that exist in animals. In animals we find, for
example, a constituent of food called “albumen.” You know
what white of egg is; it is that sticky substance which surrounds
the yolk of the egg, which bDecomes white and hard when the egg
is boiled. Albumen is also present in meat to a considerable
extent, and it is present in thc blood. In every thousand parts
of blood there are seventy parts of albumen, and this albumen is
actually converted' into the flesh of which our bodjes are made;
now this albumen is also prescnt in vegetables, as wheat and oats.
Then again in meat you have apother principle, called fibrine.
You can produce this fibrine for yourselves. If you take blood
and Dbeat 1t with a switch, you will find a number of gluey particles
sticking to the switgh; these gluey particles are made up of
fibrine.  You may have noticed that when blood is atlowed to
stand it gets sohd after a time, or clotty. Its coagulating is
due to the presence of this fibrine, Fibrine’is also presentgin
vegetables.

Another principle of food is gluten, which is very like the
fibrine contained in flesh. If you take a little flour and wash it
in a bag you will have a sticky mass remaiaing—that sticky mass
is composed of gluten. Gluten exists abundantly in vegetables—
casine 1s another of these nitrogenous substances. JYou igve seen
it in curd, the coagulable part of milk—it is an important ingrgdient
of cheese—this casine also is found in peas, Leans, and nuts.
Now you can readily understand that if sach principles as these
exist In wegetables as well as in animals, it i3 not surprising that our
bodies should be able to convert them into flesh.

Food may be divided into three great classes. In the first class
you have that food which goes chiefly at all events to warm the
body. In the second class yout have the food that goes to build
up the tissues of the body. And, thirdly, you have what may be
called mineral food. Now the food that warms us is principally
made up of three of these elements, hydrogen, carbo®, and
oxygen. For example, in oils, starch, sugar, and all that kind of
food, those three elements are present; food,of this kin'd is the
most heating. Let me now say a word of the manner in which
food warms our bodies. We are warmed very much in the same
way as a lighted candle or fire warms a room.

Professor Rocoe in one of his lectures explained the chemistry
of a candlz. What takes place when a candle is lighted? Simply
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this. In the tallowof the candle you have the two elements, carbon
and hyd®gen. When the candle is lighted the oxygen of the air
unites with those two elements, just as I showed you in my
experiment, but not with so much noise, and water is formned,
and carbonic acid—in fact the whole candle is completely cha.nged
into the liquid water, and the gas carbonic acid. When many
candles are burnt in a room you would perhaps expect that an
immense quantity of grease would be spread over the walls. No
such thingy, because the grease is completely changed; after
burning it is no longer grease, but is turned into the vapour of
water, and the gas carbonic acid both diffused through the air.
Exactly the sasge thing takes place inside cour bodies. All through
the animal frame, in‘the blood, and the different tissues, there is a
great @uantity of this carbon present, and there is also a great
quantity of hydrogen present, much of which has entered the
system as fatty food. Oxygen is brought into contact with- that
carbonand that hydrogen through the lungs, being diffused through
the blood, and whencver oxygen comes into contact with hydrogen
and carbon, carbobic acid is formed and also water, and wherever
that union takes place, a certain amount of heat is given off. The
heat is gradually given off through all hours of the day and
night, in consequence of these changes taking place in this
manner. In this way every day in the bodies of each one of us,
from 7 to 12 ounces or carbon are burnt. If we take but little
exercise, thep,/ aly 7 ounces will be burnt, but if we work hard
perhaps-zs'much as 12.  Now the food whxch is most rich in this
carbor and hydrogen is fatty food, such as oil, tallow, suet ; after
fatty food the next most heating food is starchy food, such as flour,
tapioca, sago, and sugar; they all contain much carbon and
hydrogen—they all take an active part in keeping us warm. Now -
although this fatty and starchy food contains much hydrogen and
carbon, together with a certain quantity of oxygen, the element of
nitrogen is altogether absent; but there is another class of food
in which nitrogen is present, and the properties of that food seem
entirely changed by the presence of the nitrogen. I told you that
in the air where nitregen is merely mixed with oxygen, not
chemiclilly combined, the nitrogen seems well nigh inert, like
water when %ised’to dilute brandy ; when, however, it is present in
food it entkely altéss the eharacter of that food; it is then not
so much used for heating purposes as for the buildirg up and .
repair of the body. Now remember that you have these two
great classes of food, the “ flesh formers” and the “ body warmers.”
Do not, however, be led away by divisions of this kind, but bea
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in mind that fatty and starchy food, though cZigfly employed in
warming us has some share in the forming of our structur#s, while
at the same time the food containing nitrogen materially assists in
keeping us warm. These remarks on food.will enable you to under-
stand how it is that in very cold climates people are able to take
very large quantities of fatty food. Sir John Ross states that an
Esquimaux will eat daily 20lbs of flesh and oil, while a Yakut
thinks little of a couple of quarts of train oil, and a dozen tallow
candles. In addition to these two classes of food there is a third
class which may De called mineral’food. It may appear strange to
many of you, but it is nevertheless true, that minerals such as
iron, lime, soda, potash, sulphur, and many others gctually enter
into the formation of our bodies. Chemistry enables us to
separate these minerals from the tissues with which they are
united. I have been told that on one occasion a Frenchman,
deeply affected by the loss of a relative, ordered the remains to be
burnt, and after separating the iron from the rest of the ashes,
had it moulded into a mourning ring; the ingenious foreifner, not
content with wearing mourning for his friend, actually made
mourning out of him. So much with regard td food. e
Let me now say a few words to you in regard to the digestion
of food. What is digestion? In the process of digestion those
particles which go to nourish the body, and which are really
useful to the building up and warming of the tissucs, are separated
from those parts which are useless, and which are thrown out of
the body. For example, different kinds of food, such -3 starch
and tapioca, are surrounded by a little envelope or covering, which
prevents them from being dissolved.  Muscular fibre is also thus
covered. The great object of digestion is to separate those parts
that can be dissolved from the outer covefing which cannot be
dissolved, and which cannot go to the repair of tissue. , I will now
explain what takes place when food is taken into the mouth.
Here we have a mouth. [There were numerous drawings of parts
of the human body on the wdll, as well as full length figures.]
What is the structure of the mouth? The mouth is a hollow box
with a moveable floor formed by the tongue and lower jaw. In
the mouth are thirty-two teeth, sixteen in each row; the tw8 rows
are divided in the middle of the mouth into two equal sets of
teeth, two incisors or cutting teeth in front ; then the eye tooth,
next those with two points called bicuspids, and farther back three
large teeth, the grinders. The moment food enters the mouth it
is moved about by the tongue, while the teeth are employed in
crushing and grinding it into very smzll pieces. This process is
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called chewing or mastication. While this chewing is going on,
the food is moistcned by the saliva, which is chiefly poured out by
three little glands. One of these glands is situated under the ear,
the other two under the tongue. These glands look something
like the inside of a walnut when the shell is removed, and if you
minutely cxamine their structure you will find it bears a certain
resemblance to a bunch of grapes; but instead of the stalk which
supperts the grape-like protuberances being solid, as in the vine,
it 15 a hollow tube. The little vesicles of the gland are also
hollow. 1t is from the interior of these glands that the watery
sccrction called the saliva is poured out. VYou know that some-
times these gtnds are busily at work even before you actually
taste food. This otcurs when the mouth ““waters.,” You have
all fels this sensation, when, perhaps, a savoury dish has passed you
in the street, or you have looked with longing eyes through the
windows of a pastry-cook’s shop.

Now the saliva is not simply poured outg but is actually formed
and prepared bﬁthesc glands. How is this done? Why the extre-
mities of the glinds are fitted with a countless number of “little
ceVls,” like very “minute bladders.” These cells derive their
nourishment from the blood, and are formed rapidly, as soap suds
are formed when you blow into soap and watcr—as each little
cell reaches its full size it bursts and pours out its contents—and
the fluid which is poured out is the saliva. This goes on con-
tinually, thgserglands pouring out in the course of a single day as
much «3three or four pints of saliva. This saliva is mixed with
the food. It does not mix with it merely for the sake of softening
down the food, but it induces in it a particular change, especially
in the starch of the food. Bread contains, as I have said, a large
quantity of starch. ~After you have turned the bread over in the
mouth a few times, it scems to acquire a different taste, and
becomes sweeter ; the reason being that part of the starch in the
bread is changed into sugar by the action of the saliva, and in
consequence of that change the starch is rendered soluble. Sugar
is soluble ; starch is not. Starch is contained in little envelopes,
sugar is not. Consequently by the bread being turned over in the
mouth’ it is rendered.soluble, and can be taken up into the tissues
of the body. - This should impress upon you the importance of
thoroughly ochewing eyour food. If people bolt their food, this
chemical change cannot take place, and consequently the starchy
portions of the food do not nourish to the same extent.

Let me next explain to you the manner in which food is
swallowgd. -1 told you that the first process which the food
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undergoes in tbe mouth is that of chewing; then co es the
chemical change which converts the starch into sugar; it is then
swallowed. What takes place in swallowing? Every one knows
or can readily discover for himself, that 4n swallowing the tongue
is carried up to the roof of the mouth. A sort of hollow curve is
then formed in the tongue, the food is placed there, and pressed
against the hard palate, at the end of which there is a sort of
curtain of flesh, called the soft palate. 1f you look into your
mouth, you will see the prolonggtion or projecting point of this
soft palate which is called the uvula. The moment the food gets
to the back of the mouth, the soft palate is pushed upwards, so as
to shut off the cavity into*the nose.  1f the soft pal-. is destroyed,
as it is in some cascs, then a part of the food’comes back through
the nose. The tongue then closes the aperture which passeg down
to the lungs—Dy covering ic with a trap-door called the epiglottis—
while the food 1s grasped by the muscles which surround the gullet
or swallow, and is caitied down into the stomach. The first part
of swallowing is voluntary ; that is, you have up to a certain point
command over it; but you cannot stop it after the food reaches a
certain point, as you may have noticed when you have uninaen
tionally swallowed a plum stonc. When the food leaves the
mouth the muscles of the gullet press upon it from above down-
wards, something in the same way as you would run a ring along
a tube. [Dr. Morgan then showed drawifigs of the stomach and
glands of the mouth.] After passing down the gullet the jfood
reaches the stomach. Now what is the structure of the;wmach ?
It is a muscular bag surrounded by a sort of strong fibrous issue,
like a covering of brown holland pasted round an india-rubber
bag. Inside you have a number of ribbons of flesh or muscle. I
must retind you that orte of the properties of muscle is its power
of contracting ; when muscles contract their fibres grow shorter,
and the parts they surround narrower. Now the moment the food
enters the stomach the muscles of the stomach begin to contract,
and the whole organ takes on a sort of churning motion, first from
left to right, and then from right to left. Were you to view
casually the stomach of a man, or a pig’s stomach, which is singu-
larly like a man’s (not a very flattering fact), you could f8rm but
a faint idea of its wonderful mechanism. If, however, you are
skilful in the use of the microscope, and examine the inner coat
with a high magnifying glass, you will find it covered by a number
of little depressions—portions of the lining of the stomach which
sink lower than the remaining parts—opening into each of these
depressions you will find numerous little tubes. The moment
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food enters the stomach these little tubes give out, after preparing
it from the blood, a very peculiar juice, called the gastric juice or
juice of the stomach. Now this gastric juice exercises a particular
influence upon certain ingredients of the food, and the part on
which it chiefly acts is the flesh-forming portion—that in which I
have told you the element nitrogen is present. The gastric juice
contains a ferment, called pepsine, something of the nature of
yeast—an acid is also presentin the juice, probably muriatic acid,
or spirit of salt. When meat and sundry other articles of food are
taken, the gastric juice dissolves out the flesh which is packed
away in little sheathes or envelopes, and it is then softened down
into a solublexpulp. A great part of this soluble pulp enters the
vessels of the stomach and is directly conveyed to the blood.
Let me now try to explain the way in which this takes place. If
you look at the syllabus of the lecture you will see two long words,
“endosmosis” and ‘“exosmosis.” To your minds those words
may not convey any very clear or definite idea. I will endeavou
to make them plaip to you. Suppose you put some water into a
bladder, and thél dip that bladder into another fluid, say salt
wager, you will fina that the water in the bladder passes out to
the salt water outside. The reason is, that the water outside is of
greater density or weight than the water inside. The same thing
takes place in the nourishing of the body. You have fluids of one
density outside the tubes and fluids of another density inside the
tubes ; and, as-a consequence of that difference, in density there is
a consta=t interchange of the fluids, which are merely separated
by thg coats of the vessel. If you will bear this in mind it will
assist you very much to understand the manner in which parts of
the body are nourished. Endosmosis is the passing of a lighter
fluid to the heavier, and exosmosis is thepassipg of a heavier fluid
to the lighter. ‘

There are, as I have said, certain parts of food that do not
nourish the body, and therefore they are cast out as waste. There
are parts also on which the gastric ‘juice exercises no power, and
therefore they also are passed on, in order that they may be actea
upon by other organs which are sitiated lower down ir the
alimentary canal. Vou will remember that I told you that a
portion of the starchy food is acted upon by the saliva of the
mouth, whilg the ni¢rogenous food, is changed in the stomach.
After remaining in the stomach some three or four hours those
portions of it which are not absorbed are passed into the bowels
through the opening called the pylorus. The bowels, or.con-
tikuation of the stomach, consists of a long tube, averaging about
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four times the length of a man, or some twenty to twenty-five feet
in length. This tube is coiled away in the cavity called the
abdomen. You have all seen sausages ; well, the covering of the
sausage is made of the gut or bowel of the pig. So in man there
is one continuous tube passing through the whole of the alimentary
canal, and the first part of this tube 1s called the duodenum. Let
me tell you what gocs on in this duodenum. Into this part two
tubes enter, one comes from the liver and brings the bile,
and another comes from the pancreas. I will show you those
organs. The pancreas is probabiy better known to you by the
name sweetbread. Under the liver is the gall bladder. The two
tubes from the pancreas and liver join together ayd enter this
part of the gut. When the food comes cut of the stomach it is
acid, but in passing along the duodenum it is made alkaline by the
mixture of bile, which connins sotla, and also by the mixthre of
the pancreatic juice. [Dr. Morgan performed another experiment
to show the difference petween an alkali and an acid. When an
acid was added to a blue liquid it made it red, and when #n alkali,
such as soda, was added, it turned the liquid to its original colour.]
At this portion of the alimentary canal another«change is effectel.

When the food comes out of the stomach the fat is still but
little changed. Change in the fat commences in the duodenum.
The fat is there acted upon by the alkaline bile and pancreatic
juice. You know that in soap alkali is mixed with fat and is thus
rendered soluble. By an alkali being mingled with the fatty food,
the fat is changed into emulsion and rendered soluble, .and so
made fit to be taken up in the bowels. Thus, in the moyth a
portion of the starchy food is changed into sngar. In the stomach
the nitrogenous food is acted upon by the gastric juice, and in the
bowels the fat itself is so changed as to be rendered soiuble. But
besides cdnverting the fat into an emulsion, the bile and pan-
creatic juice assist in rendering soluble those portions of the
starchy food which were not changed by the saliva. After the
different ingredients of the focd are in this manner rendered
soluble, what has not been already taken up is passed along the
intestinal canal. This is effected in the following manner :—The
boweis are surrounded by ribbons of muscles. These muscles
contract as the food reaches them almost like a ring; then the
next part below this ring contracts after recciving the intestinal
contents, which have been pressed down from above, and in this
manner a sort of constricted ring traverses the whole course of thé
tube. As the food is thus passed along, everything that is fit to
be taken up is absorbed, and the husks and those parts which are
ipsoluble are carried on and cast out of the body.

I
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Dr. Morgan described, by the aid of diagrams, highly illuminated,
other parts of the human body, as well as the internal structure of
the dog. In conclusion, he expressed the difficulty he felt in
making his language sufficiently clear without the use of scientific
terms ; but he hoped he had been plain enough to be understood.
Thcre was hearty applause at the close of the lecture, and at

salient points of its progress.
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the blood. ’

AT the conclusion of my last lecture, my friends, a wish was
expressed by some of my hearers that I should say sumeshing
more respecting the teeth, with a view of showing that the tceth
of different animals are especially adapted for their food; and, at
the same time, I was informed that some furthet remarks on the
relative amount of nutriment contained in vegetable and animal
food, would be aceeptable to you. As these subjects are both
impottant and interesting, I propose to- touch upon them briefly,
before I procecd to speak of the chyle and the blood, which you
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will see by the syllabus are to occupy our attention this evening.
I have here the teeth of certain flesh-eating (carnivorous) animals
as the lion and the hyena; if you examine these teeth you will
see that the grinders are' depressed on one side so as to have sharp
edges, and hence, when the teeth in the lower jaw are brought
against the upper teeth, the food is cut to pieces and broken up,
something in the way that a pair of scissors act upon the material
they are intended to cut. This $tructure of the tecth is best
adapted for separating the fibres of the meat, and thus fitting it
for being acted upon by the juice of the stomach. I now show
you the togth of an animal which feeds on vegetables (a herbivo-
rous animal)?, you, will admit that 1t is large, aud you can fancy
that it would require a pretty hard wrench on the part of a dentist
to efwract it; probably a crowbar would be a more suitable
instrument than a forceps. 1t is the tooth of an elephant; you
will observe that it is covered by sort of ridges and furrows, the
same kind of arrangement that you se€ ona millstone. The corn
or grass is brought between the teeth, and then the lower jaw is
rubbed against. the upper ; you can understand that teeth of this
construction arc peculiarly well adapted for breaking up the food
and reducing it into a pulp.  In animals of another specics, the
insect eaters (insectivorous), the crowns of the grinders are
sharpened into points something like the tecth of a file, as you see
them in these teeth of the ant-eater. The ant-eater feeds upon
ants. He quietly spreads out his tongue in the middle of an ant-
hill, The ants walk about on its surface quite at their case; at
length, when the animal thinks the tongue is sufficiently covered
with the insects, he draws it in, and crushes them between the file-
like processes of his teeth. Such, then, are sume of the different
forms of tecth found in different species of animals, and as the
teeth vary, so likewise do the hinges by which the lower jaws are
attached to the bones of the skull. In flesh-eating animals there
is a simple transverse hinge, and the jaws merely move up and
down in their sockets. That is the way in which this jaw of the
hyena which I hold in my hand does its work. Itis, in fact, a
sort of snapping moveiment of the jaw. On the other hand, in
many of the animals which feed on vegetables, the socket and
the portion of the lower jaw which joins it are bpth nearly flat, and
so admit of the sftle 10 side movement necessary for chewing the
‘kind of food on which theylive. We find some such arrangement
in the jaw$ of animals which chew the cud; here much lateral
movement is needed. Then, again, in the class of animals which
we know as the gnawers (the rodents), the upper portion of the
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lcwer jaw moves along a groove running from betors backwards,
like a plane. You will have noticed that squirrels, rats, rabbits,
hares, and other animals which belong to this class, in nibbling at
their food sometimes advance and there again draw back their
lower cutting teeth. Now, the jaw of man differs from that of
almost all other animals ; but, though it differs from that of cach
class taken separately, it still partakes more or less of the
peculiarities of the scveral varieties I have spoken of.  The hinge
here, instead of forming a mere tranverse ridge, 4s fitted on to 1ts
socket obliquely, slanting from before backwards, enabling us to
advance one side of our lower jaw while we draw bW
side.  In this manner sthe rotatory movements .##€Cssary in
chewing our food are much facilitated. But’ not only does the
jouint of the jaw in man partake of, the varietics observed ingnany
other species of animals, but the teeth likewise arc, as it were,
mtermediate in structure.  Owing to this arrangement of the jaw
and this formation ofthe teeth, we can, with the most perfect
readiness, either move our jaws from side to side as the vegetalle
feeders, or with a snapping movement as the flesh-eaters. We
can either eat meat or biscuits ; and if we do hot possess in an
teeth those peculiar little processes which are met with in the tecth
of the insect-feeders, 1 have still little doubt that should it ever
become fashionable to eat insects, we could readily adapt our
selves to the mastication of this kind of todd.

Thus, then, physiology teaches us that man is intended to eat
different kinds of food, and what physiology teaches ex, arience
endorses. We can live much better upon a variety of vagious
kinds of food than on any one kind. In Ireland, before the
potato famine, the poor in many parts of the country subsisted
almost eatirely on potatoes and buttermilk. Now, if a man is to
live on potatoes he will requ:re from 10lbs. to 12lbs. every day ;
the reason being that potatoes contain so small a proportion of
the material which goes to build up the tissues of the body, the
flesh-forming ingredients of food. You will see from this table of
the composttion of food, that whilst in 100 ozs. of potatoes you
get twenty-three ozs. of heat-giving food, you get less than two
ozs. of flesh-making food. Consequently, when a man is réduced
to such a diet, he is compelled to take far more heat-giving food
than is absolutely required to keep up the warmth ot his body, and
he is forced to do this in order to obtain from his food the
requisite amount of the flesh forming principles. On the
ﬂéer hand, suppose a man were to live on meat alone, such as
beef or mutton, then, in every hundred ounces of meat, he would
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get upwards of twenty ounces of flesh-making food and only
fourteen of heat-giving food. To support life, therefore, on meat
alone he would require to take about six pounds of meat every
day, because he couldr not obtain from a smaller quantity the
requisitc amount of heat-giving ingredients.  This, therefore,
would be both a wasteful and expensive diet.

But there are other reasons opposed to such a diet; I told you
in my last lecture that the labour of digestion is distributed over
several portions of the alimentary canal.  The digestion of the
starchy food being conducted in the mouth and bowels, and that
«the meat in the stomach. Now, if you live on any single article
of diet; yudaare apt to overtask the digestive powers of particular
crgans.  Hence, DY living on potatoes you derange the digestive
powegs of the mouth and bowe]s; by living on meat those of the
stomach. Morcover, you can readily understand that the par-
taking of a large quantity of some one kind of food, when it woulil
be possible for you to support life as welleor better *on a much
smaller uantity of different articles of food, has a great tendency
to clog and hamﬁér the general activity and energy of the system.
T'kus you could not expect a man to be in good order for running
a race who had just been eating some ten or twelve pounds ot
potatoes. By so doing he would be unnecessarily handicapping
himself. Now, while as we have secen, a large quantity of potatoes
and a very considerabie quantity of meat are required, when taken
separately to support life, yet if we have recourse to a mixed diet
we capdive, and live, too, in thoroughly robust health on about zlbs.
of bygad and about §lb. of meat; and this mixed diet is in every
respect the best adapted for us. I have enjoyed considerable
opportunities of seeing both Irishmen and Highlanders who lived:
very much upon avegetable diet, the former on thzir potatoes, the
latter on their oatmeal ; and although these men while living on
such a diet often look the very picture of health, they are still not
in condition for any very hard exertion. They are like horses out
at grass, which look sleek and fat! but are ill adapted for running
in an omnibus or cab. Men fed on this sort of food will work
very fairly in a leisurely sort of ‘way, and they will walk for
a condidcrable time at the rate of about three miles an hour; if]
however, you press them, and require them to go at the rate of
five miles an hour, you will find that they have great difficulties in
accomplishing the task.

Lct me, again, say onc word on that table of food which is hanging
up before you. ' You see there that dried peas are said to contayga,
larger proportion of flesh-making ingredients than beef or mutton.
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I'have been asked by one of my hearers whether they are really more
nourishing !  Now I think this is a question which experience will
answer far better than chemistry—and what does experience say ?
It very decidedly gives the preference to heef or mution—not that
chemistry is wrong in its figures. The flesh-making food is no doubt
present in the peas, but our stomachs have less power over it when
stored away in the peas than they have over the fibrine and albumen
contained in the meat. 1In the language of physiology the flesh-
forming food of meat is to us mgre assimilable than that of dry
peas. What I have told you is entirely borne out by the experience
of railway contractors and others, who require harg%w'?‘”
aone in the shortest time. They will teli you that A €apacity of
their men for labour is absolutely proportiofied to the food they
cat, more especially the ineat. Dr. Lyop Playfair speakg of a
contractor who ordered his workmen to be watched during meal
time. Thosc who shirked their food were marked and sent alout
their business. If they could not eat, ncither could they work.
This contractor was a shrewd physiologist, but a cruel master.
Before leaving the subject of food, let me tell you that head work
takes even more out of a man than hand*work. Many of gou
who work with your hands look upon professional men and others
who live by their brains as little removed from idlers—* doing
nothing but sitting and writing.” If you think so let me tell you
you are mistaken-—cvery thought which issfies from the brain uses
up a portion of the brain's tissue ; this brain tissue has to be
re-made by blood, and the blood can only be re-made by good
nourishing food. .

Let me now bricfly remind you of what I told you in my last
Mecture. I told you that certain elements are everywhere diffused
throughout the world. The chief of these clements are oxygen,
hydrogen, nitrogen, and carbon. Each one of them has a certain
affinity or attraction for some one of the other three; it has a
desire in fact to be anited or married to it. When thus united
they are changed, and are then' no longer two but one. In this
manner oxygen becomes linked to hydrogen, and the two are
then water. Nitrogen joins hydrogen, and those two become
ammonia, and carbon attaches itself to oxygen, and théy then
constitute carbonic acid. On these three compounds plants live.
In entering the plants, however, they are ehanged, the plants
having the power, as it were, ‘of divorcing them from their former
alliances and re‘uniting them in new ones. From being mono-
gdnous (married to one) they become polygamous (married to
several). Carbon, in fact, is then wedded both to oxygen and to
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hydrogen, and the three may be seen in fat on the one hand,
and in starch and sugar on the other. Or, carbon may be united
to both oxygen, hydrogen, and nitrogen, and then they appear
in the form of albumefi, and fibrine, and casine, and gluten—
in fact, in the class of food called flesh-forming food. In this
manner plants prepare our food. After preparing it they store
it away in little packages, in waterproof coverings, in order that it
may not be washed away. These coverings or envelopes are well
seen in those magnified drawings of the little starch cells which I
. here show you. Plants intend many of these little packages to

sor2n2s food for their buds and seeds—their future young. We,
however, 1itike use of it as our food, and thus rob the little ones.
In the process of digestion this food is broken down and dissolved,
so that it is enabled to pass through the coats of the little vessels
which distribute it to all parts of our bodies. Some portions of it
are so changed in the mouth, others in the stomach, and others
again algng the course of the rest of the digstive canal.  All these
changes, you wﬂ‘l remember, I fully explained to you in my last
lecture.

4With a view of *impressing upon his hearers the chemical
changes the food undergoes in the process of digestion, Dr.
Morgan performed the following experiments :—He placed some
crumbs of bread and a little water into a flask, and then tested for
starch by adding iodifie. The well-known purple colour showing
the presence of starch was very apparent. Some more bread
crumbsswere then tested for sugar, by the addition of sulphate ot
copper and a solution of liquor potasse. The flask was boiled
for some time, but there was no trace of sugar. The same tests
for sugar were then applied after the bread had been subjected to
the action of the saliva, and on again testing, the orange. tint indi-
cative of the presence of sugar was plainly visible. Dr. Morgan
next showed two more flasks. Into one of these flasks minced
meat and water had been placed. The meat was shown to be
unchanged, althoigh the water had been added to it several hours
before. In another flask water acidified by muriatic acid had
been Poured upon some small pieces of meat. The gastric juice
of the’pig, in the form of pepsine, was afterwards added, and the
mixture kept at a temperature of about 100 deg., and occasionally
shaken. Atter starding for three or four hours, the meat was
dissolved into a soluble looking pulp. Another flask contained
some cod liver oil, which had all the appearance of an emulsion,
atrer it was shaken up with some bile and pancreatic juice. By
these simple experiments the action of the saliva on starch, of the
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pancreatic juice on meat, and of the bile and pancreatic juice on
fat were familiarly illustrated.]

In my last lecture I followed the food in its passage from the
mouth to the bowels; let us now see what are the changes it
undergoes in this latter part of the digesting canal. [At this part
of the lecture numerous diagrams suspended on the walls were
referred to.] The bowels commence at the pylorus or gate of the
stomach. The first ten or twelve inches of the tube which com-
poses them is called the duodenurp.  T'wo ducts coming from the
liver and pancreas, after uniting, enter the duodenum, and dis-
charge into it the bile and ')ancreatic juice. YOUW
that the tube of  the duodenum is in several paftS partially
obstructed by little flaps of its lining membrane, which project
across it ; they constitute the transvgrse processes of the duodanum.
They scrve a useful purpose in preventing the food from bLeing
carried too rapidly through the bowels: while it is passed slowly
along, time is allowed for its nutritive particles to be absqrbed or
sucked up, and then conveyed into the current of the blood.
When food reaches the bowels it is called chyle, or digested food.
let me now explain to you how this chyle®is taken up amd
converted into blood. Look at this diagram—it is a magnified
d-awing of a small portion of the lining membrane of the intestine.
‘I'hus viewed by the naked eye, it has a velvety appearance ; it is
covered with little hair-like projections, liRe the pile of velvet.
l‘,xamine one of them separatcly—thecy are not more than about
the % of an inch in length ; under the microscope they lsave a
sort of sugar-loaf or conical form. Each of these pile-like dittle
structures is called a villus. They are coated externally by a layer
of very minute cells (little bladders). Inside this coating of cells
comes a singularly-fine network of bloodvessels—a sort of lining
of French cambric (if you suLstitute hollow bloodvessels for solid
threads) ; within this lining you have the central rootlet of the
villus. The digested food is sucked up by that canal, and carried
into a tube which communicates with it. This tube is called a
lacteal, or milk-like vessel. Such, then, is the structure of these
villi. You will be able to form some idea of their size when I
tell you that a fourpenny bit would cover about goo of them.
Let me direct you once more to my diagrams. You have seen
a number of lacteal vessels running from theevilli, and carrying
the food they have absorbed. In the diagram they look like
white worsted threads, but remember they are not threads, but
tubes. As they pass along you will observe in their course certain
knotty appearances,—what are these knots? These knots or
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kernellike projections are known as the mesenteric glands. The
lacteals discharge the food they convey into these glands, and
while detained in them a portion of it is changed. In undergoing
this change it is passed (hrough a great number of little passages—
these passages are lined with small cells or bags, almost like
little white raspberries—but so small that were a raspberry hollow
it would contain more of these cells than there are people in the
world. As the chyle or digested food is passed through the glands
it is brought into contact with_ these little cells. A considerable
portion of it is then changed into minute bodies like them, and is

~eaiuparmitted to proceed on its journey to the blood. Hence,
when thé™eayle is examined as it comes out of one of these
mesenteric glands, it is found to be loaded with these little rasp-
berrglike bodies. They are, called the white corpuscles (cor-
puscles means a little body). Now the change the chyle undergoes
in the mesenteric glands may be compared to a process for making
ship bigcuits which is to be seen at Portsmyouth. Flour and water
enter the machige on one side, and stamped biscuits come out at
the other side. LRSO chyle, which is in fact a liquid holding food in
solution, flows into the mesenteric glands, and stamped corpuscles
come out at their arther side.

Remember, however, that the whole of the flour and water are
converted into biscuits, whereas only a portion of the chyle is
changed into corpuscles. On leaving the mesenteric glands, the
chyle and its corpuscles continue their journey towards the blood,
andwiter travelling a certain distance enter a little bag, a sort of
stozehouse of the chyle, into which all the lacteals discharge their
contents. It is called the receptacle of the chyle. It is situated
near the lower portion of the back bone. It has a tube attached
to its upper part, into which it discharges the supplias of chyle
which it receives from the lacteals. This tube passes up along the
side of the back bone, and terminates at the left side of the root
of the neck. There, at a spot where two large veins nicet, the
neck vein and the under-the-collar-bone vein of the left side, the
chyle joins the blood. At the spot at which it joins, a little trap
door or valve may be scen, which permits the chyle to flow iu‘o
the Blood vesscl; but should it attempt to retrace its steps this
little door would forcibly prevent it. You will now understand the
vast importance ofs pariaking of good nourishing food, for here we
have the food directly éntering the blood, and blood you know has -
been well called “ the river of life.”

So much, then, in regard to the chyle. I will now speak to you
about the blood. I have in this jar some ox’s blood. Yeu will
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observe that it is made up of two parts, a solid jelly-like mass, and
a watery looking fluid. Let me explain this. If you allow blood
to flow from the veins of an animal, or from one of your own veins,
into a basin, and leave it to stand for a‘hort time in a room of
moderate temperature, you will find that it will separate into two
parts—one part, a sticky jelly-like mass, settles to the bottom, and
the other part, a straw-coloured fluid called the serum, occupies
the rest of the vessel. Let me first speak of the jelly-like mass,
which in books of physiology yop will find termed the “clot.”
This clot, you will observe, is a bright scarlet colour—what gives
it this colour? The microscope will teach us. Pla%gwmxy
smallest trace of blood on a glass slide under the micToscope, and
you will find that the liquid which appeared to the naked eye
perfectly red, as though some dye were diffused through -every
portion of it, is in reality dot red at all—the liquid part of the
blood being nearly as white as water. To what then is the colour
due, becausc it certaifly looks red. It is duc to a cguntless
number of little red bodies, wonderfully minute like sacs or
bladders, which float about in the blood and make the whole
appear an evenly coloured fluid.  If you pour’ water into a lage
glass jar and then fill it with red currants, you will find that ata
little distance the jar scems to contain some red liquid. The
blood in the same manncr acquires its colour from the little red
bodies which it contains. They differ, however, in no small
degree from red currants. They differ in size, and they differ
likewise in shape. In size they are so very minute, that s you
had fingers delicate enough to handle them, you would be able to
pack away some g5o,000 of them, about as many as we have
people in Chorlton, on the head of a pin. In such a drop as
. would adhere to the point of a needle, if you dipped it into
blood, you would be able to count (it would be a tcdious job)
about 3,000,000, the population ot London ; and in as much blood
as would fill a walnut shell there would be packed away about
eighty times as many of these littfe bodies as there are men, women,
and children, in the whole world. Now these little bodics, the red
corpuscles, as they are called, give blood the appearance of being
a red liquid, . ’

I hoped this evening to have been able to show you the circula-
tion of the blood in the web of a frog’s foot. Is is a most striking
and beautiful sight to see blood corpuscles hurrying along like so
many little ants, fulfilling the work which may be assigned to them
in the body. This sight I had hoped to show you on the screen.
We have not, however, as yet, succeeded in rendering it visible, but
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I trust that in one of my future lectures we may be able to accom-
plishit. But, though I have not been able to show you the circulation
in a living animal, T still have here on this slide of the lantern a
small drop of blood. In it you will observe a gieat muititude of
these little red corpuscles highly magnified. In shape they have
something of the appearance of quoits, or rather what quoits would
look like were their central apertures filled up. Many of you must
have seen India-rubber air cushions, which, when inflated with air,
very much resemble the little bodies you see on the screen—

-~gushions depressed in the centre, but bulging out around their
ouwiTdaedgr. It is somewhat curious that these flat sides of
the corpuscles have a natural tendency 'to adhere to one another.
Ience it happens that if a drop of blood be placed on a glass
slideFand examined after a shoit time, many of the little corpuscles
will be found to be lying in rows piled together like so many
sovereigns, The width of the corpuscles is about four times
greater <han their thickness. Hence, whife about 3,500 corpuscles
lying flat on the® sides in one continuous line would measure an

" inch, it would regnire no less than 14,000 if they were set up on
their edges. Let me now say a few words respecting the manner
in which these red corpuscles are believed to be formed. You
remember that I told you that the white corpuscles are formed
in the mesenteric glapds, and are then gradually passed on into the
blood. If one of these corpuscles be carefully examined, it will
appear to contain within itself another still smaller body—a sort of
little kernel. In some of the corpuscles this little kernel will seem
to us of a reddish tinge. From this cause the chyle, even before
1t reaches the blood, has at times a pinkish colour. On reaching
the blood the white corpuscles throw off their outer covering,
which scems to melt away in that liquid, and the little red central |
body is turned adrift by itself. Thus, then, the white corpuscle
is, as it were, the parcnt of the red. It encloses and protects it
for a time; and having once conyeyed it to the great river of life
it launches it out on the world.

These red corpuscles vary much in shape and size in different
animgls. In fish and reptiles they are oval or egg-shaped. In
most of the animals which suckle their young they are rather
smaller than in man--in the musk deer very much smaller. As .
viewed by the microscope there is no appreciable difference in
the blood of white men, black men, and monkeys.

An acquaintance with the form of the blood corpuscles in
different classes- of animals may prove of great importance in
criminal casés. Suppose a murder has been committed. Stains
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resembling blood are observed on a knife belonging to the sus-
pected murderer. He accounts for these stains by asserting that
he has lately killed a hen or duck. The truth of his statement
is readily tested. The suspected blood i$ moistened with a little
white of egg, or other liquid of the same density as the blood.
To this liquid the corpuscles, if present in the stain, will in all
probability adhere, and the microscope would readlly determine
whether or not they belonged to the blood of such an animal as a
hen. For, remember, in human blood the corpuscles are round,
in hens they are oval.

A woman once came to an hospital, and stated that she ha!
lately burst a blood-vessd, and was bleeding to desf ith a
view of corroborating her statement she exhibited a handkerchief
saturated with blood. The doctor, before admitting her, exargined
the blood under the microstope, and found it not human but hen’s
blood. When charged with imposture, she admitted that, being
anxious to be received into the wards of the-hospital, she had killed
a hen and soaked her handkerchief in the blood.

In every 100 parts of blood about 12 parts are composed of
these corpuscles. They convey to different parts of the systam
the materials required for the repair of the tissucs, more especially
the higher organized tissues, as the nervous and muscular. They
may be compared to a countless fleet of little Loats, which are
constantly floating along the great river of*blood in our bodies.
As boats convey their cargo to the place where it is needed, so
these little blood corpuscles convey their contents to the Ligsues
and organs which require them. They differ, however, from Yoats
in that vessels after discharging their freight take in a fresh cargo,
and thus ply from place to place ; whereas these little blood cor-
puscle beats themselves perish so soon as their work is accom-
plished. Like man they fulfil their appointed mission, and then
passaway. It has been calculated that every second full 20,000,000
of these little workmen pensh—every thought which issues from
our brain, every movement of odr fingers alike assists in destroying
them. So much then in regard to the red corpuscles which are
present in the clot. So long as the blood is contained in its living
vessels they are equally distributed throughout its whole ma%s, but
s0 soon as it is allowed to escape from these vesscls they are then
found to be mixed up with the clot—the solidpart into which the
blood separates after standing, and they join the clot because they
are somewhat heavier than the serum or liquid part. Now the
clot is not composed of corpuscles alone, but consists likewise of
another constituent of the blood. This constituent is called
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the fibrine. 1t is owing to the presence of fibrine that the blood
coagulates. The quantity of fibrine contained in the blood is
comparatively small, not more than about two parts in every
thousand, but it serves ain important purpose. It may be looked
upon as nature’s glue,—whenever we fracture a bone or mect with
any injury, c¢ven so comparatively trifling an accident as a cut
finger, fibrine is poured out to unite and bring together the parts.
It also cnters into the composition of various tissues of the body
as gristle and tendons, the cord- like bands which unite the flesh
to the bones. Now there is oné fact connected with fibrine which

‘R;tou\]dwdﬁes’i;e to impress upon your minds—alcoholic stimulants
act upo ost mjunously They seem to lessen its power of
coagulating—they, as it were, dilute the glue. I have frequently
noticgd that men in the employ‘ment of brewers and distillers, who
have often free access to stimulants, ar¢ bad subjects for accidents,
even though in themselves trifling. Many of these men, though
apparently in robust health, sink under an<njury, which, had they
been tehmperate, ﬂ)ey might readxly have recovered from, a mere
scratch in some instances setting up erysipclas, and proving fatal,
This is chiefly owifig to the deterioration of their fibrine.

You will observe, that besides the clot we have in this vessel a
watery straw-coloured looking liquid. This liquid is, as I said,
called the serum—a number of different substances are dissolved
init. I will boil a little of the serum in this flask—you observe
that it seems to turn white and thick. This change is owing to the
presence of albumen, the same substance that you are all 1amiliar
with in white of egg. Before you boil an egg the white is clear
and stlcky ; after it is boiled it becomes opaque and solid. The
reason it becomes white is because it is composed of albumen, and
it is a property of albumen to turn white and hard when heated to
a temperature of 170° Now, as the serum also contains albumen,
it is natural that it should undergo the same change here that it
does in the egg.

But what purpose does albumen $erve when present in the blood.
It must serve some useful purpose or it would not be there; and it
is found there in very cousiderable quantities, 70 out of every 1,000
parts f blood consisting of albumen. There is some unccrtamty
respecting the exact Jpurpose to which it is applied? But it seems
most probable that jt is a sort of liquid store of nutritive material
out of which the red corpuscles are able to draw their supplies—and
remember thdt they not only absorb this material through their
coats, but, in absonbmg it, absolutely change it, and thus adapt it
for the hl,g,her purposes of nutrition. Before le‘avmg the subject of
albumen, I will give you a practical hint on the cooking of your
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meat. If you wish to boil your meat, immeise it at once in boiling
water, and afterwards allow it to simmer on a gentle fire ; but if you
propose to roast it, do not at first suspend it at a distance from the
fire and afterwards bring it nearer, but plage it at once near a very
hot fire, and then you may after a time remove it further off. You
will understand the reason for this advice when I tell you that the
meat contains much albumen, and that the hot fire and the
boiling water alike act upon it, coagulating it and making it hard.
In this manner it forms a sort of coating round the meat, which
assists in retaining the juices, on which 1ts flavour depends. On
the other hand, if you wish to make soup out of meat, then
during the early part of the process you should nevepra's-wv- aie
water to reach a higher temperature than abous r5o degrees.

In addition to the albumen the serum contains a considerable
proportion of fat, this fat hging theroughly incorporated witd the
liquid very much as though®it were soap. When the blood con-
tains more fat than is required for keeping up the warmth of the
body it is stored away in packages in sundry parts of the body,
especially about the loins. The hybernating animals, which sleep
during the winter months, lay up considerable quantitics of fat
during the summer, and burn it away in maintaining the heat”of
their bodies during the winter.

There is one practical remark which I would like to make
before I close my lecture. There may be sqme among my hearers
who are accustomed to spend a good dcal of money in patent
medicines, which you are assured in the advertisements will purify
your blood and increase your chances of long life. Ay the
promises held out to you are very tempting, you purchase life
pills, and elixirs of life, and sundry other panaceas, and you con-
fidently believe that they will go directly to the blood, and
after purilying it produce in it some salutory and life-extending
change. It is fortunate for you, my friends, that your digestive
organs are much wiser (han yourselves in the things tBey select for
the nourishing of your bodies. » Hence the greater portion of the
nostrums you purchase do comparatively little harm, except in so
far as they rob you of your money. Do notimagine for a moment
that the persons who sell you these purifiers of the blood,place
dny great confidence in the virtues of their drugs. They do not
partake largely of them themselves, but they convert the money
they receive from you into beefsteaks and ‘mutton chops, and
purify their own blood on them. You cannot do better than
follow thecir example. Simple, wholesome food, and temperate
habits, conduce more effectually to good health and long life than
all the quack medicines which were ever invented.
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ELEMENTARY PHYSIOLOGY.

LECTURE IIL
THE BLOOD (CONCLUDED) AND THE CIRCULATION.
< .

BRIEF recapitulation of Last Lecture. Mineral substances contained
in the blood—Gases in the blood—Quantit} of blood in the human
body—bifﬁculty’hf estimating the quantity of blood. Transfusion.—
How is the blood distributed to the tissucs? The blood vessels—the
arteries.—Structure of the arterics—the capillaries.—The veins—The
veins terminate at the heart.—The heart divided into four chambers—
The valves of the heart—Course of the circulation through the heart—
Sounds of the heart--leart’s beat.—Arterial blood changed into
venous in the capillaries.—Restless activity displayed by the blood.—
Noisciess manner in which the heart works.

BeForE I proceed with the present lecture, aliow me to remind
you in a few words of what I told you in my last. You will
remember that I spoke to you of the chyle, and likewise of the
blood. I told you that the chyle was food which has passed through
certain changes in the mouth, in the stomach, and in the duodenum,
whereby it is rendered soluble, reduced in fact into a liquid pulp—
and so in a fit state to be absorbed by certain little rootlets
distribated along th= course of the bowels. .These little rootlets
are known as the “villi” 1 told you that if you examined closely
the lining of the intestine, you will observe that it presents a
velvety appearance—th_at 1t seems in r:act covered with a sort of
pile—the little hairs which resemble a pllq, when viewed under the
microscope, are found to consist of conical or sugar-loaf shaped
projections. You will find that they contain within them a very
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minute root. It is into this little root that the chyle passes, being
sucked in by the action of endosmosis. I told you that the roots
of the villi communicate with a set of vessels called the lacteals, se
called because when distended with chyle they look as though they
contained milk. Along the course of these lacteals are numerous
knotty kernels, termed ‘the mesenteric glands. On entering these
glands the chyle is merely food in a liquid form, but on leaving
them it is found to have undergone an important change. It then
contains a vast number of very minute bodies, which I told you
look under the microscope noy unlike little white raspberries.

These are the white corpuscles of the chyle. On leaving the
mesenteiic glands the chyle and its corpuscles are conveyer 5 a
little bag (the receptacle.of the chyle) and dlsclnrgeu fWto it. At
this receptacle the different lacteals terminate—a tube passes from
its upper border in a direct line to, the root of the neck, and.there
joins the great vein whicl} runs under the collar bone on the left
side. At this spot the chyle is emptied into the current of the
blood. After making some remarks on the chyle, I proceeded to
speak of the blood. °I told you that if you allowed Dblood to flow
into a vessel and left it to settle, it would divide into two parts,
one a jelly-like mass, known as the “clot,” the other a watery fluid,

called the “serum.” I first spoke of the clot and told you that
it thus coagulates because the blood contains within itself a certain
constituent termed fibrine—a substance, which in living blood
vessels is perfectly liquid, but when scparated from them gradually
thickens and becomes a clot. The fibrine I spoke of as nature's
“glue” is always ready to unite the two surfaces of a wound,

whether that wound be a fracture or a simple cut. I told you that
the clot was red, because in coagulating it entangles within its
meshes certain very minute red bodies—so small that no fewer than
50,000 of them could be packed on the head of a pin. I told you
that these little red bodies are the corpusclgs of the blood. Taken
singly they are altogether invisible to the naked eye—but when
viewed in the mass they gwe to the clot a uniformly red
appearance. You will remember that I next drew your attention
to the fact, that many of these little red corpuscles are formed out
of the whlte corpuscles whose origin we traced to the mesenteric
glands. Theyare thegnost important constituent of the blood” Thus
we followed the several processes by which food is converted
into blood, certain parts of it being changed into white corpuscles,
which contain within themselves the germs of the future red
corpuscles I then proceeded to speak of the “serum,” the fluid
in which the clot was seen to float. On boiling a small quantity
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of this serum I showed you that it became white, the reason being
that it contained a certain proportion of albumen—the substance
you are all familiar with in white of egg. I told you that there is
in the blood a large quantity of this albumen, which may be looked
upon as a sort of reserve store of nutriment for the supply of the
red’ corpuscles ; and, finally, I spoke of the fatty materials which,
in the form of a soluble soap, enter largely into the composition
of the blood.

Before proceeding to the circulation of the blood, I will now
make a few observations on the minerals and gases which, in
addition to the constituents I have already enumerated, are, as it
WETE, away in the blood. Of these minerals our tissues
contain a very coxrsiderable proportion! This I might prove to
you by the following experiment :—Suppose we choose a man of
the dverage size—one willing to sacrifice himself in the cause of
science—we proceed- to pound him'up in a mortar, and then
analyse the constitucnts of which he is composed. What should
we fin&? Why we should discover that at least ten per cent of
these constituen® would consist of mineral substances : we should
ggt lime, and iron, and sulphur, and flint, and phosphorus, and
many others. Now if these substances are present in the tissues,
they must also be present in the blood, because the tissues all
feed on the blood, and draw their supplies from it. But you may
ask how do they get, into the blood? How, for example, does
such a substance as lime, with which we are all familiar as a hard .
white substance, find its way into the blood, and how does it
aftefwards recappear in the form of bones and of teeth? Let me
endeavour to make this clear to you. Though lime gets into the
blood, still it does not enter it as a solid, nor does it there exist in
the form most generally known as lime, but it is dissolved through
the blood. Look at this tumbler which I hold in my Kand : you
see nothing in it but a white fluid like water, and yet an eggshell
is dissolved in it. Having added a few drops of muriatic acid to
this water before beginning my lecture, I placed an eggshell in it
which has totally disappeared—it is, in fact, dissolved in the
liquid. The lime is still there, but it is not there in the visible,
tangible form in which we are accustomed to see it. Ina similarly
liqud form lime is diffused throughout the bbod ; and wherever it
is required in its solid form it is given out by the blood to the
part in need of it. * When, for example, it is required in the form
of a bone or,a tooth, the blood lays it down at the exact spot at
which it is.wanted, in the shape of minute little solid particles
«called bone earth,” Layers of this bone earth are spread out within
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and around the bone. This will enable you to understand the
manner in which bones grow. Let me give you a familiar illustra-
tion of a similar kind of process. You must often have noticed in
walking under an arch, long pointed- 10oking white needles,
suspended over your head with the points turned downwards, in
shape like icicles. What are these necdles? They are called
stalactites, and are thus formed. The arch contains lime in its
mortar ; water trickles through this lime, dissolves a.portion of it,
and hangs downwards as a drop ; the water is given off to the air
in the form of invisible vapour, and the solid lime is left attached
to the arch. Thus you have a solid bore-like substancg, fewaced
from lime dissolved in water—just as in vur own,bodies bones are
formed from the lime dissolved in the blood. You are doubtless
aware that various articles £ food cpntain considerable quant®ies
of lime. If the food of youfg children is deficient in lime their
bones will not grow hard and compact, but will give way and
become distorted. This%s what happens in the discase kncwn as
rickets, instances of which we see far too often in our large towns.
‘Why do we see them ? Because you parents, in your folly, do not
feed your children on the food which nature intended them t&
have. Nature intended all infants to be fed on milk ; but you
consider yourselves wiser than nature, and give them a great
va.riety of messe! loca and potatoes.
From this food they cannot get the lime which milk would have
supplied to them in abundance, and the consequence is that when
they begin to walk you have the painful mortification of secimg
them grow up as cripples—of sceing crooked legs and arms, or
stooping shoulders and wry necks, where, had nature been allowed
full sway, she would have given straight and stalwart forms. I
here show you some bones which have been placed for some time
in a jug of water acidified by muriatic acid, You will observe
that they are so soft that I can tie them in knots, as though they
were pieces of hempen cord. The reason they are soft is because
they have been deprived of their lime. Now remember what I
have told you respecting lime is equally applicable to all the other
minerals in the body—they are all dissolved through the blood.
You may ask me what becomes of these substances when they
are dissolved. How and where are they packed away? This is
a question which, with the knowledge we possess, it is not easy to
‘answer., Let us observe, however, what takes place when a
substance like salt is added to water. We find that we can add
to a given quantity of water a certain proportion of salt, without
increasing the actual bulk of the water. We make the wata




148

heavier, but up to a certain point we may add salt without
augmenting its volume. Perhaps we may explain this disappear-
ance of the salt by supposing that the ultimate atoms of water
consist of very minute particles which are hollow inside, and
permit the substances which are dissolved in the water to pass into
them by a sort of endosmotic action. Before leaving the minerals
of the blood I would make one practical remark. You are aware
that many of* these substances are given as medicines. There is
reason, perhaps, for believing-that the blood is deficient in some
one or other of them, either in its iron, or its lime, or its potash,
or 50d~ It is the province of those who devote themselves to the
healing art to ciscover wherein this-deficiency consists, and to
endeavour to remedy it. Thus, when the checks look pale and
blfodless iron is given. In such a case it is presumed that the
blood is deficient in red corpusclesi Iron is known to enter into
the composition of the red corpuscles. It is therefore administered
as a medicine in order that these litile bodies may have an
additional so®¥sce from which to draw their supply. In the same
manner sulphur, phosphorus, magnesia, soda, and potash are all
given as medicine. Many of the most famous mineral springs
owe their celebrity to the fact that their waters contain these very
minerals. Several of the German wells, which are at present
frequented by the sick of all nations, were famous even in the
time of the Romans. Some of these wells contain iron, others
sulphur, and others magnesia, and potash, and soda, dissolved in
théir waters.  Many persons, when medicines such as those which
I'have enumerat2d are given to them, think that they are taking
something altogether foreign to the tissues and organs of which
" their bodies are formed. From what I have said, however, you
will understand that minerals, and more especially thgse minerals
which are found in the blood, may with as much truth be spoken
of as food, as bread and butter, and meat and potataes. For if
you exclude from your dietary all mineral food you will as certainly
die as if you exclude all flesh-forming food. But not only does
the blood hold mineral substances in solution, but gases likewise
ar¢ contained within it. How, you may ask, 1s this possible? I
will endeavour (b make it clear to you. If you fill a quart
measure full of blood, so full, in fact, that it can contain not one
drop mére, thed you know that if you were to add any more
liquid to that vessel it would run over.  If, however, you introduce
into the lower part of the vessel a tube attached 'to a bladder
containing orie pint of gas, say a mixture of carbonic acid,
and oxygen, and nitrogen in certain proportions, you will find if
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you perform the experiment with care, that the gas will disappear
in the blood, it will in fact be dissolved through the blood, just as
I told you that salt and sugar are dissolved in water. In soda.
water you have a familiar illustration of thespresence of a gas in a
liquid. In the making of sodawater more gas (carbonic acid) is
forced into the water than it can contain in the open air (it does
contain it, however, so long as it is in the bottle, by reason of the
pressure of the cork), but the moment the cork is allowed to
escape the gas and the water come gushing out, and then the
sodawater is said to effervesce of “fizz.” If you now allow
it to stand you will find that in a short time the cffervescence will
entirely cease, though therg is still gas in the water. In the same
manner that gas is dissolved through the watet you have gases
dissolved in the blood, and a very important purpose they serve.
Now, what are the gases whikth are resent in the blood? They
are the same that I spoke 8f as present in the air, but in very
different proportions. Im the air we have about £ of nitrogen, %
of oxygen, and a comparatively small quantity of carboniceacid.
In the blood, on the other hand, we find about £ of carbonic acid,
% of oxygen, and 4% of nitrogen. Thus, in eveyy quart of blood
there is dissolved about one pint of these three gases in the pré-
portions I have stated ; carbonic acid, the gas you are familiar
with in sodawater, is the most abundant of the three; oxygen,
the active gas of the atmosphcre, is the next ymost abundant ; and
nitrogen, the inert gas of the air, is only present in very small
quantities.

Allow me now to say a few words in regard to the quaiRity
of blood contained in the body of an ordinary sized nfan.
Various attempts have been made to decide this question, but
it has been found beset with difficulties and is not readily
settled. ou are probably aware that in some parts of the
continent murderers are not exccuted in the same way as in
this country. Here we hang the worst of our felons—there they
decapitate them—cut off their hoads. Now it occurred to some
of the scientific men of these countries that by weighing a criminal
before execution and by afterwards weighing the head and trunk,
theywould, in the loss of weight, ascertain approximately thequantity
of blood. Although these investigations were conducted with'great
care it was still found that there were wide variations in the
qlantity of blood lost by different persons—sdine losing upwards
of twenty pounds, and others not more than six or seven pounds.
The reason these different persous lost each varying quantities of
blood may be partially explained by the fact that all animals are
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able to sustain the loss of far more blood when they are digesting
their food than when they are fasting. Thus, if the veins of two
sheep (one of which is fasting, while the other has lately been
fed) are opened at the same time, and if they are allowed to
bleed to death, it will be found that the fasting sheep will die
after parting with little more than half the quantity of blood which
will prove fatal to the lately-fed sheep. This might be a useful
physiological fact for a general to remember on the morning of
battle—a good meal before fighting would save the lives of many
men who would perish from tue loss of blood were they wounded
when fasting. But although it is impossible to estimate with any
degree of accuracy the exact quantity of blood contained in the
body of a full-grown man, we shall not be very wide of the mark
if we say that on the average it will probably amount to about
12fbs. There is one more remark : would make respecting the
blood. It is this—if good healthy ‘blood is so all-important to
each one of us, would it not be possible, when we suffer from
sickntess, to pgpcure a small portion of the blood of some robust
person, and to have it injected into our veins. This was a
favourite idea of the ancients :—» seemed so simple and natural !

t was revived so lately as last year as an infallible cure for the
cattle plague. I need not tell you that like every other so-called
“cure” it miserably failed, and the reason it always has failed, and
in cases of sickness always will fail, is because even though blood
be healthy unhealthy tissues are unable to avail themselves of it.
It is by reason of this change in the tissues that young blood
exéfcises no beneficial influence when it is transfused into old
veihs. For not only have people at various periods of the world’s
history thought that it would be a desirable practice to cure
diseases by means of healthy blood, but they have also thought
that in the same manner old people might be made young, and
this surely would be an agreeable achievement for a doctor to
accomplish—to make some poor old shrivelled lady of eighty
look and feel once more as she did at twenty. Well, the attempt
has often been made, but it has failed signally—and it has failed
because while there is no appreciable difference between the dlood
of thg old and the young there is the widest positive difference
in their ‘tissues.

But, although I have not spoken to you very encouragingly on
this subject of - % trinsfusion,” as the passing of one person’s bloed
into another person’s veins has been called, I am still bound to
admit that there are cases where the practice is likely to be
attended by the happiest results, and they are -these—when it is
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had recourse to, not with a view of curing sickness, but because
death is-approaching with rapid strides from actual loss of blood.
suppose one of you were to lay open a large artery, and to ex-
perience a great loss of blood, by the time the doctor arrived and
tied the vessel you might have parted with so much of your blood
that there would not be enough for the heart to contract upon.
Under these circumstances, if left to your fate, you would infallibly
die; but should a friend, out of affection for you, spare you a small
portion of his blood, then the probability of your recovering would
be very great. In this manner wé can imagine that a considerable
number of lives might be saved in a battle, if an army of volun-
teers were willing to shase their blood with the brave defenders of
their country who were bl(.eding to death fron? their wounds.
Having said thus muc wrespectlng the blood itself, let us next
consider how the blood is dlstnbuted to the different parts of the
body. If the different tlssues and organs stand in such constant
need of the blood thei® must be some special apparatus whereby it
is distributed to them. Let me explain this apparatus. * In the
upper portion of the trunk there is a powerful forcing pump called
the heart, from which pipes are distributed to all parts of the bo
one set of pipes carrying blood from the heart, and another set
of pipes bringing it back to the heart. In fact, you have in the
body the same sort of apparatus that you have in a wellfitted
house. In a well-furnished house you gemerally find a boiler in
the kitchen, and from the upper part of this boiler a pipe conveys
the hot water to the upper stories of the house, while a return
pipe, communicating with the lower part of the boiler, condbletes
the circulation of the warm water through the building. Let us
now see what are the pipes by which the circulation of the warm
blood shrough the human house is effected. You see here
(pointing to a large coloured diagram of the body) the pipes
which carry away the blood jfrom the heart. These pipes are
called the “arteries;” the word artery signifies “air container.”
The ancients, when they examined these vessels after death, found
them empty, and hence supposed that they contained nothing but
air. Here you see the great artery of the body passing directly
from the upper part of the heart, and bending backwards till 1t
comes in contact with the spine, travelling on for some distance
along the backbone, and then dividing into tywo great trunks which
pass down into the legs. Let me now say a word respecting the
materials which are found in the coats of these arteries. These
coats are not made throughout of some one substance, as, for
example, gas pipes are made of lead; but they are made of
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different materials woven together, so that you have in fact several
coats, one of which is elastic, while another is contractile. Do
you know the difference between elastic and contractile? When
4 substance is elastic it rebounds—it returns with a sort of spring
to its original size whenever it is stretched or drawn out. ~ Elasticity
is, you know, a property of India-rubber ; on the other hand, a
tissue is spoken of as contractile when it presses upon its contents,
or draws together it$ sides without having first been made larger
Thus the one has to be pressed upon or pulled out, and then
contracts ; the other contracts without having been pressed upon.
Both these substances—the elastic and the contractile—are found
in the coats of the arteries. Besides having these two coats, the
interior of the arteries is smoothly paved with little cells, which
allow the blood to flow as easily.over tjiem as though they were
encaustic paving tiles. ,1
Let us next consider how these arteries epd—that is a question
which mst oftgn have occurred to you. It puzzled the old
physiologists not'a little, who did not possess the microscope (an
instrument which has done so much for us) to assist them in their
inqitiries.  They followed these vessels as far as they were
_able to see them with the unassisted eye, and then, when they
could no longer see them, they concluded that they must have
terminated in small open mouths. By these little mouths they
thought that the blood was emptied into the tissues, which then
helped themselves to what they might require. Nature however,
does wot finish her work in this slovenly sort of way. Let us
therefere see how these little vessels finally terminate. After be-
coming invisible to the naked eye they still pass on for a
considerable distance as arteries ; they still have the three coats of
which I have told you; and then they empty themselveg into a
very minute network of the finest muslin, only you must remember
that the threads of this muslin, instead of being solid threads,
consist of the minutest little tubes. , These tubes (the capillaries)
are spread out in different directions. Sometimes you would think
that the meshes on whizh they are, as it were, formed were long
and thin; at other times they seem to be round. In some
narts of tht body these capillaries actually occupy more space
than the tigsues they mourish, These little tubes are called
capillaries or halr-like*vessels, though they are in point of fact as
much smaller than hairs as hairs are smaller than cables. You
may imagine !;ow numerous they are when I remind you that it is
impossible tg prick yourself in any part of the. body without
rupturing some of these vessels. Many of these capillaries are so
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small that 5,000 of them placed side by side would not m their
united width measure more than one inch. ~Others, again, are con-
51dcrably hrger, but on the average they are not more than about
the vs7 of an inch in diameter. In what'is called the white of
the eye you can occasionally see them—not when the tissues of
the eye are in a healthy state, but when they are inflamed and the
little capillaries are crammed full of red blood. Remember then
that at the tenination of the arteries—the vessels which carry the
Llood from the heart—there is a petwork of these very minute
capillaries. Now how, you may ask, is it possible, even with a -
croscope, to tell where the arteries end and where the capillaries
begin? You distinguish between the two sets, of vessels, even
independently of the difference in size by their coats ‘Fhe arteries
have, as I have told you, se#ral cogts; the capillaries have oply
one, and this coat is formey of much the same material as the
coats of the little blood corpuscles. I will now show you some
of these capillaries on tife screen. [Dr. Morgan illustrated, this
portion of his lecture with several highly magnified diagrams,
which were exhibited on the slides of a magic lantern fitted with
the oxyhydrogen light, exhibiting these minute structures by
their aid more clearly than is possible with unaided type.]
You will now wish to know what becomes of these little capillary
vessels? How and where do they end? They end in another set
of vessels calted the veins. If you follow the capillaries for a
certain distance you will find that they end in another *set of
vessels—the veins—and just as the arteries, before they jgin
the capillaries, grow gradually smaller and smaller, so dges
this other set of vessels, commencing in the capillaries, grow
continually larger and larger. These vessels q,re, as I have told you,
the veins. #What are the veins? They are the rcturn pipes that
bring the blood back to the heart. Like the arteries they differ
from the capillaries in having several coats; but in these coats
there is comparatively little of that elastic tnssue which enters so
largely into the coats of the artéries. As the red lines in the
diagram represent the arteries, so the blue lines stand for the veins.
The two sets of vessels are pamted a different colour, because the
blood they contain also differs in colour, In the arteries it®is a
bright scarlet, while in the veins it is almost black. Many persons
'when they see black blood imagine that it indicates some peculiarly
lnsatisfactory state of the system. They are not aware that
‘venous blood or the blood of the veins is always black. Let me
now follow the veins in their course and see where they terminate.
You -will observe that the veins of the lower extremities travel
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upwards, constantly becoming larger by the junction of additional
branches, until at last all the united branches terminate in one
trunk at the heart. ‘The branches proceeding from the arms and
head in like manner términate in a single trunk, which also joins
the heart. Thus all the blood which the heart receives from the
different organs and tissues of the body, with the exception of that
which comes from the lungs, enters it by two great venous trunks,
the one descending from the head and upper extremities, the other
passing up from the legs and lower portions of the trunk. Having
said thus much respecting the pipes which carry the blood from
and to the.heart, lct me now speak about the heart itself; and
let me remind you that though people are always talking "about
their hearts, and attributing all sorts of diseases to this mysterious
orgen, it is wondcrful how few are @ble to point out the exact
region in which it is situated. My hospital paticnts frequently
come to me and tell me that they have a pain in their heart, but
when.J ask them to point to the spot théy place their hands over a
very different region; and even well informed people have an idea
that the heartis situated more decidedly to the left than it really is.
Kook at that ®iagram, the heart there occupies its natual position,
and you will observe that it is as it were hung almost in the centre
of the breast, certainly a very considerable portion of the organ is
actually covered by the breast bone. The lower portion, however,
does incline towards the left side, where it may be felt to beat
betwedn the fifth and the sixthribs. Having pointed out to you the
sitpation of the heart, let me next speak of its size. You may form
a pretty correct idea of the size of your heart by doubling your
fist. It may be stated generally, with considerable approximation
to the truth, that a man’s heart corresponds pretty closely in size
with his closed fist ; and, as people’s fists are usually proportionate
to their size, so are their hearts. In shape the heart is probably
as like the cocoa nut as anything else to which I can compare it.
If you have been accustomed to get your ideas of its form from the
gorgeous represcntations which figure on the valentines, I fear your
notions on the subject will not be very correct. But even these
representations may serve a useful purpose if they remind you of
one “important fact in connection with the heart, and that is, that
it is to all intents and purposes a double organ; down the centre
of it, from top to.bottom, runs a partition wall, which altogether
separatey the right side from the left. In fact the heart may not
inaptly be compared to a semi-detached house—to two houses with-
one common wall passing round both, but separated by a partition,
wlnch precludes all direct intercommunication. Let us examine
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separately each semi-detached heart, first the right side, and
then the left. Now, not only are these two sides of our heart
separated by a wall, but each side is further divided by a partition
stretched across it. Owing to this partitidn we find in each side of
the heart two chambers, an upper chamber and a lower chamber ;
in the partition on the right side of the heart there is a door—a
very perfect and beautiful contrivance—which works on much the
same principle as the gates of a canal lock. You know that canal
gates are constructed in such a manner that the water is only:
permitted to flow in one direction’ It is the same with the heart ;
the blood can flow through from the upper chamber jnto the lower,
but it cannot pass in an gpposite direction from the lower into the
upper. When it attempts to do so the threeleafed folding
doors which surround the gperture close and prevent it. bhese
doors are not formed of o nard substance like the gates of a lock,
but of a fibrous material life canvass. You might object to such
a material being used,?and think that stiff-sided doors wopldabe
better because they could not be turned inside out. Nature, how-
ever, has met this objection by attaching very fine cords all over
these canvass flaps. These cords are fasterfed to little fleshy
pillars that rise out of the walls of the heart—and as soon as the
doors are closed a tension is thrown on these cords, and hence
they cannot be carried beyond a certain point. I have here an
ox’s heart, which will give you a very good itlea of these structures
as they are seen in man. Now, although the blood is not per-
mitted to flow from the lower chamber into the upper, yet it §nds
egress through another door situated in the roof of the lgwer
chamber ; this door, however, differs from the one i have described,
in not opening inwards but outwards. This door, on the right
side of the heart, communicates directly with a tube which sends
off branches to both the lungs. Round the opening of this tube
there are three little niches, actual depressions in the coat of the
tube, and attached to these depressions hang three little bags.
When the blood flows out at the*door these little bags hang empty
within their niches, but the moment the blood tries to return they
bulge out and fill the aperture, looking like three egg cups placed
side by side. I here show you three of these little bags. Tlfty are
taken from the large artery which passes from the right side of the
heart into the lungs of an ox. [Dr. Morgay further illustrated
this part of his subject by some magic lantern slides, exhibiting
the position of the valves.] Such, then, is the structure of the right
side of the heart... The left is in every respect like it, except that the
aperture leading from its upper to its lower chamber is closed by a
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two-leafed instead of a threeleafed folding door. Having now
described the system of pipes by which the blood is distributed,
and likewise the structure of the forcing pump by which these
pipes are supplied, let me say a few words respecting the blood in
motion—actually circulating through the vessels. I will commence
at the heart; and we will suppose that the great veins of the body
have just emptied their black blood into its right upper chamber—
its receiving cistern. The walls of this chamber instantly contract,
and the Llack blood is then passed on into the right lower
chamber—the forcing pump of this side of the heart. As this
chamber presses foreibly on its contents, its folding doors, which
admitted the blood from the upper chamber, arc closed, and their
cords stretched, while the door in the roof throws back its hags
and gives free egress to the swiftly mgving current. The black
blood is now carried into the lungs, passed along narrower and
narrower tubes, till it at last enters the ‘capillaries of the lungs. In
thess vessels (the length of which f united-would extend for miles
upon miles) it is, as it were, sprcad out to be purified. Being
exposed in them to the action of the air for a few minutes it loses
its«dark shade Zhd 1eturns to the heart of a brilliant scarlet colour;
but it does not return to the side from which it came. It passes
now to the left side, the side wlich receives and distributes the
pure blood, as the right side receives and distributes the sewage
blood. Here it enters the upper left chamber, passes from thence
to the lower, and is then forced out by the left upper door to the
greag; artery which forms the main trunk of the river of life, and
supplies the different organs and tissues with their sustenance.
Thus, every time the heart contracts, we have, as it were, two
distinct circulations. The one from the lower right chamber to the
upper left (the object of this circulation is the purification of the
blood), and the other from the lower left chamber to the upper
right. In the course of this circulation the blood nourishes the
body, but becomes itself laden with impurities. [Dr. Morgan
then exhibited on the screen a.diggram of the circulation, showing
both the systematic and pulmonary circulation. The circulation
in a fish’s tail was also shown upon the screen.]  As the blood is
forced“irom the left side of the heart it first enters the arteries,
and passes from them into the capillaries, and it is here that
nutrition *goés on. , lh the capillaries you have a fluid of one
density, gpd in.the tissues without them you have a fluid of
"another density, and wherever two fluids of a different density are
separated by a thin animal membrane there an interchange is set
up, the’thinher liquid passing readily to the thicker, while at
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the same time the thicker passes somewhat tardily to the thinner.
But as nutrition goes on at the.capillaries, sc it is here that the
colour of the blood is changed from scarlet to black. When the
blood enters the capillaries it is scarlet!when it leaves them it
is black. This change in colour is due to the fact that the
red corpuscles of the blood, the oxygen carriers as they have
been called, give out a portion of their oxygen, and take in its
place a certain quantity of carbonic acid. Coincidently with
this change in their contents the corpuscles undergo a change in
their shape likewise. In the arteries, where in the mass they have
a scarlet colour, they incline to a flat shape, while in the veins their
shape is rather round than flat. Oxygen gives them their flat shape,
ahd carbonic acid their round shape. When the corpuscles are flat
they reflect the light that flls upon them, and so look red ; when
they are round they allow, the light to pass through them, and so
in the mass appear black. )

As the heart is perfdtming its work it gives out certain soupds.
If any of you have listened to the beating of the heart, you will
have heard these sounds. They differ from the ticking of a watch,
in that one of the sounds is longer than thesother. The firg of
the heart’s sounds has been compared to the word ‘“ lubb,” that is;
a prolonged sound ; while the second, which is much more sharp
and rapid, has been likened to the sound in the word “dup.”
These two sounds are succeeded by a pausc. Thus you have a
long sound and a short sound, and a pause, succeeding one
another with perfect regularity from the first moment of our lives

%even unto their final close. When the walls of the heart cojitract
and force out its contents, then arises thhe first sound, and when
the doors close, then is heard the short, sharp, second sound.

As regards the forces by which the blaod is propelled through
its vessels it is proper that I should say a few words. * First and
most important is the impwse communicated by the contraction
of the heart itself ; then when the blood is forced into the vessels
the elasticity of the arteries colnes into play., The blood forcibly
propelled into its vessels by the heart distends their coats. When
the heart ceases to contract and pauses, the elastic tension
possessed by the coats of the vessels re-acts on the bloed ; and
inasmuch as the blood is prevented from returning into the heart,
it is necessarily forced on along its vessely. When the elastic
tension has spent itself, then the contractility of the arteries is
called forth, and so an additional impulse is given to the blood on
its passage to the capillaries.

Such, then, is the 'structure of the heart, and after this manner
is the circulation of the blood accomplished. From what I have
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said, I think you will agree with me in thinking that the heart is
a very wonderful piece of mechanism. Here we have these two
lower chambers of the heart contracting and propelling the blood
along the arteries with a force which has been calculated as equal
to a pressure of nearly 7lbs., and they continue to exercise this
force day and night without cessation. With no other set of
muscles. could you get through the labour which the heart
achieves ; for remember, that if you are to make the comparison
between the heart’s labour and the labour you accomplish with
your hands—a just one, it would be necessary that you should
work during .the night as well as during the day; and not during
the night alone, buf, also during the houre that you rest your hands
at meal times, and during the hours you devote to recreation atid
rest y for, bear in mind, that sq long gs life lasts the heart never
gets one moment’s repose. "

Another thing which must impress you is the noiseless manner
in which the work is done. And this remirk applies not alone to
the heart but likewise to several of the other organs. In our
bodies vwe havg, pumps and churns and chemical laboratories all at
.wovuk at one and the same time; and yet so quietly do they get
througl: their work, that, so long as our health continues, we
actually are unconscious that any work is being done.

Table showing the average proportions of the constituents of
the blood in 1,000 parts:—

Water . . . . . . . . « . . . 78

- Red corpuscles . . . . . . . . . 131 .
“ Albumen. -. . . . . . . . . . . 7y0
Fatty and extractive matters . . . . . 679
Salinematters . . . . . . .+ o . . 603
Fibrine . o o o e o 9 e e e * . %"&

1000
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ELEMENTARY PHYSIOLOGY.

LECTURE V.

BREATHING, AND Td& ORGANS WITH WHICH WE

' BREATHE. .

SITUATION of the lungs—Structure of the luhgs—The larynx-—The
wind-pipe.—The lung tubes—the air sacs—the air «ells.—The arteyy
of the lungs. The Chest.—Its shape—its movements.—Floor of
chest. The air we breathc.—Breathing the function of the lungs, by
which blood takes in oxygen and parts with carbonic acid.—Loss of
oxygen is respired air.—Oxygen goes to red corpuscles.—Oxygen given
out at capillaries. Animal heat. Quantity of carbonic acid in respired
air. Quantity of water in respired air. Suﬁocation.—lnstances:in
which numerous deaths have arisen from suffocation.—Ventilation.

I aMm going to speak to you to night, my friends, about breathing,
and the organs with which we breathe—thelungs,—but before I turn
to my subject, allow me to remindsyou of what I told you in my last
lecture. With regard to the circulation of the blood I told you that
the blood is distributed to the different organs and tissues of the
body by a complete system of pipes; that one set of &hese
pipes carried the blood from the heart, and that another set
of pipes carried the blood to the heart ; that those which carry
the blood from the heart are called arteries, while those which
carry the blood to the heart are called veins ; and that between the
extremities of the arteries and the commencement of the veing
we find another very minute set of vessels called the capillaries.
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These capillaries therefore connect the arteries with the veins. I
then went on to speak to you about the heart ; pointed out to you on
the dxagrams the sithation of the heart, behind ‘the breast bone,
nearly in the centre cf the chest, and told you that it was divided
into four chambers ; that the blood was brought to the heart by two
large veins, one passing up from the lower extremities, the other
coming down from the head and the upper extremities. These
veins empty themselves into the right upper chamber. From the
right upper chamber the blood is passed into the right lower
chamber, and is thence driven by the contraction of the walls of
the heart into an artery which terminates in the capillaries of the
lungs. ‘T'He capillaries of the lungs communicate with veins, which
finally discharge' their contents by four separate trunks into the
lef‘t upper chamber of the heart. From the left upper chamber it
finds its way into the left lower ch:m"xbcr, and is then pumped out
into the great artery which distributcs its branches to the different
organs and tissues of the body.

"t me now speak to you of the lungs and the chest; and in
dealing with this subject I will proceed in the same way ‘as 1 did
Jin my lectuf® on digestion. I first described the structure of the
stomach, and then spoke of its functions, or the manner in which
it does its work. What, then, are the lungs, and where are they
situated? you see them well painted in that diagram. You will
observe that it mar there are two lungs—one on each side. The,
right lung is divided into three parts called lobes, and the left into-

.two. They are situated one on each side of the heart,‘,\and are

“sarrounded by the 'ribs. The lungs communicate with tye outer
air by the nostrils, and by the mouth : the nostrils are the - rture
of the lungs, as the mouth is the aperture of the stomacy, You
know that a cold in the head when the inner lining of the nostrils
is thickened, often passes down into the chest, thus showing that
the two are closely connected with one another. The pass
however from the nostrils to the lungs is not altogether a pe{fe:ﬁe
djrect passage, It is pretty continuous till it reaches the back @
the tongue, but then enters a narrow aperture lmmedlately under-
the roof of that organ. This aperture is guarded bg.a self-opening
spring door: when food is swallowed this little door is tightly .
closed until the contents of the mouth have passed its threshold,
and then it swings back its leaf and remains open till the act of
swallaying is repeated. If in swallowing you burst out laughing
this door is forced open at a time when it ought to be closed, atd;
then foed is apt “to go the wrong way,” Within this door yon
will find n 4perture, a narrow chink formed by two cords. They
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are the voice chords. They are stretched across a little box (the
larynx) popularly known as Adam’s apple. They are called the
voice-cords, because when the air from the lungs is forced through
them their edges begin to tremble, until vibrations of sound are
given forth. Voice originates in these c¢brds; when they are
" destroyed by disease it is only possible to speak in a whisper.
Below the voice cords, immediately utder the so-called Adam’s
apple, we come to the windpipe. In front and at the sides it is
surrounded by rings, formed of gristle, ‘which do not,.however, meet
at the back. Although this tube is called the windpipe a great
many people have an idea that the*food they swallow is carried to
the stomach along this passage. That is not the case; the food
passes along a distinct tubg situated at the back of the windpipe.
If the windpipe was not protected by rings, thé passage into the
lungs might be closed when we stoop, and the air would be
prevented from entering them. Sdon after the windpipe enters
the che-t it divides into twg?large branches, called the bronchial
tubes. One of these brahches passes into the right lung, and the
othér into the left. In the lungs they subdivide into a “great
number of smaller branches. For a considerable part of their
course these tubes, which are composed of a taugh and partialy
‘elastic material, are strengthened and kept open by little rings of
“gristle. These rings, however, differ from the rings found in the
windpipe, in completely encircling their tubes. As the tubes pass
on they get continually smaller and smaller,»and as they diminish
in size, they lose their rings, until at length they are almost entirely
composed of a fine elastic material. These tubes terminate in
very minute sacs or bags, the end of each tube being attacheg' to
onew ny ‘these little bags, as though they:were so many hollow
berries.  Let us examine the interior of one of these bags;
they are cplled lobules or air sacs, and afe traversed by sundry
little passages. Both these passages and the walls of the air sacs
are surrounded by a vast numuer of little partitions, which project
from their sides, giving them, under the microscope, a sort of
honeycombed appearance. It has been calculated that in each
air sac there are no fewer than 18,000 of these little partitions, and
that the lunds of a grown-up person contains about 6oo millions
of them. These partitions are known as the air cells of the Mengs.
The air sacs and their cells are the parts of the lungs which
especially suffer from that terrible disease whigh kills such great
numbers of our race, which you are a]l familiar with under its well-
known name—consumption. Although the air cells are so small
that they are alt8gether invisible to the naked eye, we should still
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find that, were it possible to spread them all out in one continuous
piece, like a roll of calico, they would measure 3oo yards, the
material being about one yard in width through its entire length.

Let me now say a word regarding the manner in which the
bronchial or air tubes arc lined. Nature has a particular material
of its own, which it applies to lining, covering, and sundry otner
purposes. In books of physiology you will find it spoken of as
epithelium. * Let us examine this cpithelium under its simplest
form. In its simplest form it looks like a little bladder or sac, but
as it is required for different parposes, so it takes different forms.
It is out of this epithelium that the skin is formed. You know
that our muscles do not come into direct contact with the outer
air, and it is fortunate for us that they do not. In this diagram
you see the different muscles of the body denuded of their skin
and’ the tissue below it. Yowmust 4dmit that the appearance of
such a figure is singularly unsightly in comparison with what we
are accustomed to admire in “the human form divine.” The
difdience is mainly due to the absence of the skin. This skin is
formed of epithelium. If you examine the under skin you will find
that it is m&e np of layers upon layers of little cells or sacs,
which look under the microscope almost like so many soap
bubbles. As these little sacs approach the surface they become
flatter, until finally, when they terminate at the skin, they are
merely dry scales. They then constitute one continuous waterproof
covering, the scales lying side by side all over the body like so
many little slates. So long as they are round and contain a liquid
sétretion, they are tender to the touch, but when they become
scdly they can endure pretty hard knocks without our experiencing
any pain. This same epithelium lines also the arteries and veins,
and is laid down all around their coats like so many little tiles. In
this manner it makes their inner surfaces perfectly smodth, so that
the blood can easily travel along their tubes as though they were
glazed. This same epithelium covers also the villi of the
intestines, whose structure I have so fully explained to you; but
here, instead’ of being flat, it takes the form of little pears set up
on end all over the villi. When applied to another purpose the
cellsof epithelium are drawn out into fibres which are, as it were,
woven into hair, and then we admire it in the wavy and glossy
covering of the head. But, interesting as are these different forms
of epithelium, perhaps the most curious form of all is that which
it assume$ when it is used as a lining for the air tubes. Here rows
Ypon rows of little round cells are laid down within the tubes,

“ at length the innermost cells lengthen themselves out,
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and seem to stand on end. These upright cells lie, as it were,
wedged in by their neighbours on every side, except where they
face the air tube. Several very minute little projections, not unlike
fine hairs, arise from these surfaces. As the cells stand side by side,
these littlehairs form one continuous brush, which constantly sweeps
the sides of the tubes. Day and night these busy little workmen
ply their brooms. Whenever minute particles of dust enter the
lungs, or mucus is formed within them, it is brushed out in the
direction of the windpipe and forced out with a sudden Dlast of
air, which we call a cough. TheSe, then, are the brushes which
nature uses for the dusting of the lungs. Not contgnt with ful-
filling the duty required of dhem through life, they may even, for a
short time after death, continue their m>vements.

Let us next proceed to speak of the great artery which dischasges
its blood into the lungs. 7This artery is called the lung artery, and
proceedsfromthe rightlower#hamber of the heart.  You willremem-
ber that in speaking of tife heart I told you that a large vescel
proceeded from the roof of the right lower chamber ; well, this is
the vessel to which I then referred. Soon after leaving the heart
it divides into two branches, one of which passes into the riglet
lung, and the other into the left. For a time thesc vessels run by
the side of the air tubes, like them becoming smaller and smaller
until they recach the air cclls. Here they send very fine branches
round each little air cell, while these branchbs, fine as they are,
send out still finer branches (the capillaries of the lungs) into the
very partition walls of the air cells. These capillaries here arego
close to one another that they actually occupy more room tlan
the interspaces between them. I have calculated that could the
capillaries of the lungs be all united together so as to form one
continuous, tube, this tube would measure about 5,000 miles: it
would be more than long enough to reach to America and back.
If you examine these little vessels in the lungs you
will find that their sides project beyond the walls of the
air cells, looking not unlike the®veins of a fine leaf when it is
held up to the light. After covering the walls of the air cells
with thin delicate branches, the capillaries, here, as in the
rest of the body, end in veins, and these veins, like all “Bther
veins, as they travel onwards towards the heart, get gradually
larger and larger, until at length they end in four trunks, all of
which discharge their contents into the upper left chamber of the
heart. Thus you will observe that there are in the lungs a number
of tubes formed of a very tough material, and kept open for a
certain distance by hoops inserted in their walls. These hoops
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gradually cease, but the tubes still pass on, getting smaller and
smaller, until they finally end in the air sacs. One tube, and one
only, enters each air sac. Within the air sacs are situated those
countless little compartments all covered with capillaries which I
spoke of as the air cells.

So much, then, regarding the structure of the lungs and the
vessels which are distributed within them. Let us next turn to the
chest, the hollow box in which the lungs and heart are deposited.
The chest is supported behind by the back bone, which passes
down from the neck like the keel of a ship. Twelve bones, known
as the ribs, are hinged on to each side of the back bone. These
bones enclose apd protect the cavity,of the chest. In front the
ten upper ribs are more or less closely attached to a plate of bone,
called the breast bone. In passing from the spine to the breast
bone the ribs take 2 slanting direction, inclining somewhat down-
wards. When we open our chests,.as we do in breathing, they
2lter their position, and instead of “inclining downwards and
forwards Lecome nearly horizontal, pushing the breast bone
forwards a little upwards. By ’this movement the chest is
anade deeper. The distance from the spine to the breast bone
being increased it becomes also wider, the two sides being
separated by a greater distance. This is owing to the shape of
the ribs. If you examine them they look like tightly strung bows.
When the chest is at rest the curved face of these bows hangs as
it were downwards; but when it expands this face is directed
nearly straight outwards, and by reason of this rotation or turn ot
the ribs the interior of its cavity becomes wider. But not only
does the chest gain in depth and in width but it gains also in
length, and it gains in length because it has a moveable floor.
This floor is known as the diaphragm. It is composed of bands
of flesh knit together so as to form a thin partition curtain be-
tween the chest and the digestive organs. It is firmly attached..
to the ribs, the spine, and the breast bone. In breathing this
partition is drawn downwards, and then the cavity of the chest is
increased in length also. Thus you will observe that in breathing

arge our chests in every direction, from before backwaszds,
fron?i -above downwards, and from side to side. ‘
[Br. Mor an.illustrated the enlargement of the chest in width
and i depgx by means of a wooden contrivance, several cross
‘bars being attached to an upright post. These bars inclined
downwards, but as they were raised and became horizontal, it was
readily %een that the distance between their free extremities and
the part to which they were hiriged was increased. As these bars
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were curved and turned on their axes, they illustrated at the same
time the increase of the chest in width.]

I will now ask you to look at this glass jag which I hold in my
hand. It contains the lungs of a sheep. The windpipe which
passes from the lungs is closely fitted into the neck of the jar:
across its floor is spread a piece of India-rubber sheeting. You
will observe that when I draw down the elastic floor of the jar
the lungs which before hung empty are increased to three or four
times their size. They are larger bgcause they are now full of air
which has rushed down the windpipe. Exactly the same thing
takes place when we expand or open out our chgsts. They
become larger, and as rapidly as they grow largen so rapidly does
the air pass down the windpipe and fill them out. And why does
the air do so? Because, as we are tpld, nature abhors a vacuyn :
that is, nature will not allow gny place to be altogether empty, and
if it cannot fill it with arwthing else it fills it with air.  If when
we open out opr chests air did not enter them there would be.a
vacuum within us. This, then, is what takes place when we
breathe : air enters whether we will or not—we cannot shut it out.

- Try to hold your breath, and you will find that You cannot do s
sufficiently long to do yourself any real harm. It is recorded that
a man once tried to commit suicide by holding his breath, but he
could not do it : he was able to hold his head under water till he
drowned himsclf, but he could not by the force of his will shut
out the air from his lungs. From what I have said you will
perceive that when we speak of drawing in a long breath we do
not express ourselves correctly—we speak as if we swallowed gair
as we swallow water; we do no such thing. By means of the
muscles which are attached to the chest we open out its cavity,
and then the air finds its own way in whether we will or no.

Let me now say one or two words inf regard to the air or
atmosphere which surrounds us. The air éovers all this earth on
which we live to a height of sope fifty miles—hence it extends
about that distance above our heads. In small' quantities it is
altogether invisible. In fact, you see objects through it as though
it did not exist at all. In large volumes however, it has a blue
colour—hence in looking up into the sky on a clear day i®™looks
blue. It looks blue because there is a great quantity of air above
us—so, too, the distant hills in fine weather look blue because a
great mass of air lies between the hills and our eyes. Look at this
jar of blue dye on the table. It is a rich deep blue; but when I
fill this narrow glass tube with some of the coloured water in the
jar you observe that it looks white like water. Just in the same
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manner large quantities of air look blue, and small quantities have
no colour at all. Let us next consider what the air is ccmposed
of. Itis a mixture of two gases, oxygen and nitrogen, gases of
which I have frequently spoken to you. If we separate these two
gases we shall find that we have about 2T parts of oxygen and 79
parts of nitrogen. Oxygen is the active gas—the feeding and
warminy gas of which we make use when the two together enter
our lungs, and nitrogen is the gas which is mixed with the oxygen
lest it should be too strong for us and burn us away too fast. As
experience has taught us to ‘dilute our brandy, so has nature
diluted for us the air. We can neither drink neat brandy with
impunity nor bregthe neat oxygen. Let us next follow the air
into the lungs, and discover what takes place when it gets there.
If we examine some air just as it is eatering the chest, and again
after it has been in contact with the lungs, we shall find that it has
undergone a change. The air that cdes out at the nostrils is not
thg same air as that which went in: and"what is the change it has
undefgone? It has left behind it a considerable portion of the
oxygen, and,jt has taken in exchange for the oxygen nearly the
sagne quantlg of earbonic acid gas. You will think, perhaps, that
an exchange of two mere invisible gases cannot be a matter of any
very great moment to us. It is, however, a matter of such moment
that, should anything interpose to prevent it, within five minutes
we would certainly die.

We will now follow the oxygen into the lungs and see what
becomes of it. Every time we breathe or open out our chests
ne:irly one pint of air passes down into the lungs. This pint
contains about 40 tablespoonsful of air, 30 of nitrogen, and 10 of
oxygen. The nitrogen we return to the air almost exactly as it
entered, retaining but a fractional portion of it; of the oxygen,
however, we keep about two tablespoonsful; and what be-
comes of this oxygen? It enters the capillary blood vessels.
How does it enter them? It passes through their coats; oxygen
passes #z through their coats, and‘carbonic acid passes oz# through
their coats, and takcs the place of the oxygen, which is then with-
drawn from the air. Thus there is exchange, but no robbery.
But ha:r, you may ask, can a gas pass through a tube—how can
the oxygen get into the capillaries? What did I tell you about
fluids in speaking of digestion? I told you that if fluids of a
different weight are separated by a thin animal membrane, such as
the coat of a capillary tube, the lighter fluid will pass out with great
readiness,#vhile at the same time the heavier fluid will pass in ; in
other words. an. interchange will be set up between the contents of
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the vessels and the tissues which surround them. The same thing
takes place in the case of gases, When two gases are separated by
a thin animal membrane, such as the coats of the capillaries of the
lungs, they intermingle as though there wa$ no intervening tube at
all. Hence, while the carbonic acid in the tubes passes out the
oxygen outside the tubes passes in; and what becomes of the
oxygen when it does enter the capillaries? It is then stowed away
in the red corpuscles of the blood. The red corpuscles which
come to the lungs like so mapy little bottles of sodawater
charged with carbonic acid, empty out their gas—a gas which
proves depressing to the system, and in exchange fog that lowering
gas they take in another which endues thgm with renewed
life and energy; they, as it were, discharge their sodawater
and become filled with thampagne. At the same timegfrom
being black and travelstained they become red and bright.
and cheerily travel on the left side of the heart. Here
they enter the left upper chamber by the four veins of the
lungs; from the left upper they pass to the left lower, and
are then pumped out into the great central artery of the body.
By this artery they are distributed to everyetissue and organ
The brain is then stimulated by the invigorating stream which
goes to supply it, and readily grapples with its work; the
muscles feel springy and elastic, braced up for their labours.
Thus we see that the oxygen enters the red corpuscles, stimulates
them to action, and is then distributed by the arteries to the
capillaries. So long as it remains in the arteries it is still, as it
were, bottled up in the corpuscles, but on entering these,little
vessels it is subjected to a change. In the arteries the blood
moves 1apidly, travelling a distance of a foot in little more than in
a second, but in the capillaries it slowly trails along at the rate of
about an inch in a minute. Here, then, as the corpuscles tarry in
their course, sluggishly dawdling along, the hungry tissues outside
the capilaries rob them of their oxygen, the oxygen passing
through the coats of the cdrpuscles and the tubing of the
capillaries till it comes in contact with the carbon of the used up
tissues. Immediately on coming in contact with this carbon
chemical combination takes place ; in other words, the twssbecome
united together ; but in uniting both are changed, and then they are
no longer called carbon and oxygen, but carfonic acid. Thus, in
fact, at the capillaiies oxygen takes carbon into partnership (a
used up partner certainly), and then the firm under the name of
“ carbonic acid” returns to the corpuscles, takes up its abode within
them, changes their colour from red to black, is fioated by them
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down the current of the veins, is emptied into the right upper
chamber of the heart, is passed from the upper into the lower, is
then forced out into the lungs, and is there once more exchanged
for oxygen. Thus we have followed the oxygen from the lungs to
the various tissues of the body, seen how it becomes united with
carbon, how its influence for good on the system is destroyed
through this union, and how, after being no longer of any use,
it is cast out with the air at the lungs. If we examine the air
which passes from the lungs we shall find that after having been
breathed it receives from the blood about the same quantity of
carbonic acid‘as the oxygen, which it appropriated to itself ; about
two tablespoonsful'of oxygen are taken 1n, about two tablespoons-
ful of carbonic acid are given out. Let me now try to prove to
you that air which has been breathed really contains a considerable
quantity of carbonic acid. I have in t}is flask some lime water—
lime dissolved in water.  You will observe that it is at present
quit® Clear. I now breathe into the lime water through this glass
tube, and the gater looks white and milky. Why does it do-so ?
Because the carbonjc acid of my breath has united with the lime
dissolved through the water, forming what is called carbonate of
lime, a substance which will not dissolve in water but remains
suspended in itas a white precipitate. Had there been no
carbonic acid in my breath this carbonate of lime would not have
been formed. [Dr. Morgan then ignited a piece of charcoal and
placed it under a jar of oxygen gas: the brilliant sparks caused
this 4llustration to be much applauded.] You seem pleased with
this €xperiment. Why have I shown it to you? I have shown it
to you in order that you may see how eagerly oxygen and carbon
unite together. The two rush, as it were, into each other’s arms
and become changed into carbonic acid. Look now atthe jar:
you will observe that no more sparks are given off: the charcoal
has disappeared, while the invisible gas which has taken its place
is formed out of it and the oxygen which surrounded itx Now
this same union of oxygen and carbon takes place just outside the
capillary vessels, the two combine, and, in combining, give out
heat. ‘The giving off of this heat is not accompanied by spatks,
but is rather a sort .of smouldering fire which is continually going
on withidys; and every time the corpuscles bring a fresh cargo
of oxygemithis fire is, as it were, fanned. If it is difficult for you
to understand that two substances can unite together and give out
warmtlt while yet there is no visible flame, look at this glass
flask ; it contains some oil of vitriol, I add water, and you see that
steam is gemerated and rises out of the glass. Here, then, you
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have heat disengaged by the union of two substances, and yet
there is no flame, The same thing takes place in the warming of
the body. ’

I told you just now that we do not express ourselves cor-
rectly when we speak of drawingin our breath. We are incorrect
also when we make use of such an expression as * emptying the
chest.” We are incorrect because, do what we will, we cannot
empty out all the air which our lungs contain. A man’s lungs
will hold between three and foursquarts of air, but so far is he
from changing the whole of this air cvery time he breathes,
that he barely admits and gives out a single pint.e Thus there
is always present in the®lungs a larpe reserve store of air, of
which a comparatively small quantity is constantly being
changed. When we take a long lrcath, or open our chest® as
wide as ever we can, then we admit about three pints of air ; but
even then there isat least «fff equal quantity left in the lungs which
we have no power to force out. If you watch a person breailiing
you will find that he expands his chest about fifteen times in a
minute. Every now and then, however, especially if the air be
bad, such as we find it in theatres and concert Yooms, we sigh ®r
yawn—in other words, we take a deep breath. In such places
the lungs seem to tel]l us, when they force us to yawn, that although
they would be quite satisfied with a pint of pure country air, they
must have occasionally at least an extra quart of the sort of stuff
we there supply them with. Besides containing a large quantity
of carbonic acid, air which has been breathed is also saturased
with moisture, If you breathe into a glass jar for 24 hours%ou
will find at the end of that time that the jar will contain about a
pint of water. This water will first settle round the sides of the
jar, as yod see it on the glass windows of a cab or an omnibus,
and will then flow in drops 1o the bottom of the vessel. This
water all comes out of the lungs, being diffused through the air
which has.‘been breathed in the form of invisible vapour. If you
allow the water which' you have collected to stand for a few days,
you will find that it will not keep, but will putrify and become
offensive. Thus you will perceive that when a largé nugber ot
persons are collected together in a small and close room they are
continually admitting into their lungs air which has been not only
deprived of a considerable portion of its oxygen but is vitiated by
the admixture of carbonic acid gas and impure water. Air which
has been once breathed contai..s about five per cent of carbonic
acid. Such air would very soon prove fatal to even the strongest
man ; indeed, one per cent of this gas is a larger proportion than
any of us could endure for a length of time, [Dr. Morgan, with
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a view of showing the effects of vitiated air, placed a live pigeon
in a jar, into which he admitted carbonic acid. In a short time
the pigeon, which had before been well and lively, began to hang
its head, gasp, and lobk very uncomfortable : as soon as fresh air
was admitted, the pigeon immediately revived.] Dr. Morgan
continued, I have been giving this pigeon a dose of what you are
contmually giving yourselves when you close up your windows and
doors, and stuff a sack into the chimney. It is very fortunate for
you that in spite of all your eﬁ'orts to keep out fresh air you cannot
altogether succeed in doing so.” The air will rush in, and will not
permit you to destroy yourselves. If, however, one of you were
placed under a large glass jar, into whl.r.h it would be impossible
for the outer air ‘o enter, and where you would be forced to re-
admjit into your lungs an unchanged:atmosphere, you would be
effectually suffocated in the tourse of a few hours. There are
numerous instances on record of larggnumbers of human beings
perishing for want of fresh air. In the™ year 1759, 146 persons
were locked up for the night in a room in Calcutta, which was
only 18 feet square. The next morning only 23 of the number
were left aliv®  The rest perished after enduring intense sufferings.
You have all heard of this room, which, from the terrible tragedy
enacted within its walls, obtained the name of the Black Hole of
Calcutta. A similar accident occurred more lately, on the 2nd of
December, 1848, when the steamer Londonderry sailed from Sligo
to Liverpool, with 200 emigrants on board. A gale of wind came
on, and the captain ordered the passengers below. They were
p'u‘l‘\ed together in a small cabin. Not content with fastening
down the hatches he covered them with tarpaulin. The agony
endured by these unfortunate people in this dungeon was frightful,
and so tightly were they imprisoned that 73 of the 20p perished
before their pitiable condition was discovered. These persons
died from suffocation; the air which surrounded them was so
charged with carbonic acid that the black venous blood which
entered their lungs could not obtain its supply of oxygen, and
consequently could not be purified. It was therefore passed on to
the left side of the heart comparatively unchanged. But these
chambwes knew that it was an intruder ; they knew that as the
right side of the heart receives and distributes the sewage blood
so does the lefi receive and dispense the pure blood. When
these chambers therefore are entered by the black blood an in-
tense sehse of oppression seems to weigh upon the chest. This
is a feeling which, in its milder forms, we have all experienced in
holding o q‘gheads under water. The oppression of the chest is
succeeded’ y dizziness of the head. This dizziness arises when
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the black blood is forced from the heart into the delicate tissues of
the brain. At the same time strange sensations invade the limbs,
attended Dy those agonizing sufferings which are experienced in
the early stages of drowning; for remembér that the death which
attends on drowning is a death from suffocation. The interchange
between carbonic acid and oxygen cannot go on at the lungs,
black blood is distributed through the system, and then all is
confusion till the flickering flame of life finally expires.

Having spoken to you at some length on the great danger of
bad air let me advise you alway#”to try as much as possible to
attend to what is called the ventflation of your rooms—that is, to
keeping the air within your dwellings tolerablyafresfl. I believe
nothing contributes in a greater degree io deteriorate the inhabi-
tants of our large towns than the bad air by which they are
surrounded. I am well avare that®it is difficult in winter to open
the windows in a small rogm—you cannot avoid getting between
the window and the fire, and are then exposed to a draught. It is
possible, however, to admit air without exposing oursclves to cold
draught. I here show you a model of a ventilator which I have had
introduced at the Saltord hospital. A little box apout an inch and a
half in depth is fixed into the upper part of each window, and ex-
tends for some six inches down the sash. The outer facing of this
box is made of perforated zinc. Into this box is fitted another box
which can be removed from the sash and taken down. The side
of this box which looks into the room is covered with fine gauze
wire ; it is filled with finely carded cotton wool and is then figed
into the sash. The outer air then gains admission into the rp’om
by passing through the zinc, the wool, and the gauze wire. In this
manner, while the wool is perfectly pervious to the air, blacks are
filtered oyt, moisture is absorbed, and the force of currents of air
is as it were broken. At the same time the air is to some extent
warmed by the mechanical ‘Tiction to which it is exposed in
passing through the ventilator. The cotton wool requires to be
changed every five or six months. It is then found loaded with
blacks, which would otherwise have made their way into the room.
This contrivance has been in use at the Salford hospital for about
two years, and has kept the air of the wards perfectly frest whilst
even during the late severe weather the patients have not com-
plained of draughts. Some such contrivance you might arrange for
yourselves.

This, my friends, is the last lecture which I have atranged to give
you at present. .From what I have told you, you will, I hope, have
learned something which may prove useful to you: enough
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perhaps to induce you to study some simple little books of
physiology for yourselves. The diagrams and the experiments
which I have shown yo1 would assist you in understanding much
which would otherwise have been unintelligible to you. I have
endedvoured to the utmost of my power to express myself in the
simplest language. I fear some of you who know something of
physiology will have thought me childishly simple. These lectures,
howgver, were not intended for those who already knew something
of the sciences about which they have treated, but for those who
knew nothing at all about them. It is to this latter class of my
audience thatd have addressed myself, and if I have succeeded in
interesting them I\am quite satisfied. For one thing, however, I
must thank you all, and that is for the marked attention with
whick you have listened to me. In looking at your faces I have
not observed a single yawn. Everywhere my eyes have lighted
upon thoughtful and intelligent countertszces. For this atiention,
whick- has so much assisted me in speaking to you, I beg most
heartily to thank you.
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THE subject upon which I wish to address you to-night is the
structure and origin of Coral and Coral Reefs.? Under the heasl of
‘“coral” theré are included two very different things ; one of them
is that substance which T imagine a great number of us have
champed when we were very much younger than we are now,—
the common red coral, which is used so much, as you know, for
the edification and the delectation of children of tender years, and
is also employed for the purposes of ornament for those whg are
much older, and as some think might know better. Thesother
kind of coral is a very different substance; it may for distinction
sake be called the white coral ; it is a matgrial which most assuredly
not thd hardest-hearted of baby farters would give to a
baby to chew, and it is a substance which is to be seen only
in the cabinets of curious persons, or in museums, or, may be,
over the mantel-pieces of sgafaring mien. But although the
red coral, as I have mentioned to you, has access to the very
best society ; and although the white coral is comparatively a
despised product, yet in this, as in many other cases, the humbler
thing is in reality the greater; the amount of worK™which is
done in the world by the white coral being absolutely infinite
compared with that effected by its delicate and pampered name-
sake. Each of these substances, the white coral and the
red, however, has a relationship to the other. They are, in a
zoological sense,-cousins, each of them being formed by the same
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kind of animals in what is substantially the same way. Each of
these bodies is, in fact, the hard skeleton of a very curious and a
very simple animal, mqre comparable to the bones of such animals
as ourselves than to the shells of oysters or creatures of that kind;
for it is the hardening of the internal tissue of the creature, of its
internal substance, by the deposit in the body of a material which
is exceedingly common, not only in fresh but in sea water, and
which is especially abundant in those waters which we know as
*hard,” those waters, for example, which leave a “fur” upon the
bottom of a tea-kettle. This “fur” is carbonate of lime, the same
sort of substance as limestone and chalk. That material is con-
tained in solutiom in sea water, and it%s out of the sea water in
which these coral creatures live that they get the lime which is
needzd for the forming of their,hard skeleton.

But now what manner of creatures are these which form these
hard skelctons? I dare say that in théwa days of keeping aquaria,
of locomotion to the sea-side, most of those whom I am addressing
may have scen one of those crcatures which used to be known as
the “sea anggone,” receiving that name on account of its general
res:mblance% a Yough sort of way, to the flower which is known
as the “anemone ;” but being a thing which lives in the sea, it was
qualified as the “sea anemone.” Itis very much such a creature as
you may see in those diagrams; but, perhaps, I may make it more
plain to you by sketching it upon this black board. Well, then, you
must suppose a body shaped like a short cylinder, the top cut off,
and,in the top a hole rather oval than round. All round this aper-
ture,iwhich is the mouth, imagine that there are placed a number of
feelers forming a circle. The cavity of the mouth leads into a sort
of stomach, which is very unlike those of the higher animals, in the
circumstance that it opens at the lower end into a cavity of the
body, and all the digested matter, converted into nourishment, is
thus distributed through the rest of the body. That is the general
structure of one of these sea anemones. If you touch it it contracts
immediately into a heap. It looks at first quite like a flower in
the sea, but if you touch it you find that it exhibits all the pecu-
liarities of a living animal ; and if anything which can serve as its
prey coffies near its tentacles, it closes them round it and sucks
the material into its stomach and there digests it and turns it to the
account’of its own-bedy. .

These creatures are very voracious, and not at all particular
what they seize; and sometimes it may be that they lay
hold of a ghellfish which is far too big to be packed into that
interior cavity, and, of course, in any ordinary animal a proceeding
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of this kind would give rise to a very severe fit of indigestion. But
this is by no means the case in the sea anemone, because when
digestive difficulties of this kind arise he,gets out of them by
splitting himself in two ; and then each half builds itself up into a
fresh creature, and you have two polypes where there was previously
one, and the bone which stuck in the way lying between them !
Not only can these creatures multiply in this fashion, but they can
multiply by buds. A bud will grow out of the side of the body (1
am not speaking of the common sea anemone, but of allied
crcatures) just like the bud of a plant, and that will fashion itself
into a creature like the parent. There are some of them in which
these buds remain connecied together, and you will soon see what
would be the result of that, I#I make a bud grow out here, and
another on the opposite sid¥, and each’fashions itself into a.new
polype, the practical effect will be‘that before long you will see a
single polype converted into a sort of tree or bush of polypes. And
these will all remain associated together, like a kind of co-operative
store, which is a thing I believe you understand very well here,—
each mouth will help to fced the body and each part of the body
help to support the multifirious mouths. I think that is as gapd
an example of a zoological co-operative store as you can well have.
Such are these wonderful creatures. But they are capable not only
of multiplying in this way, but in other ways, by having a more
ordinary and regular kind of offspring. Little eggs are produced
in the bodies of these creatures, and those eggs are hatched and
the young are passed out by the way of the mouth, and they go
swimming about as’little oval bodies covered with a very cugous
kind of hairlike processes. Each of these processes is capable of
striking the water like an oar; and the consequence is that the young
creature i propelled through the water. So that you have the young
polype floating about in this fashion, covered by its vibratile cilia,
as these long filaments, wiich are capable of vibration, &re
termed. And thus although the polype itself may be a fixed
creature unable to move about,*it is able to spread its offspring
over great areas. For these creatures not only propel themselves,
but while swimming about in the sea for many hours, or perhaps
days, it will be obvious that they must be carried hither ame thither
by the currents of the sea, which not unfrequently move at the rate
of oné or two miles an hour. Thus, in the gpurse of a few days,
the offspring of this stationary creature may be carried to a very
great distance from its parent; and having been so carried it loses
these organs by which it is propelied, and settles down upon #the
sottom of the sea and grows up again into the form anc condition
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,of its parent. So that if you suppose a single polype of this kind
settled upon the bottomof the sea, it may by these various methods—
that is to say, by cutting itself in two, which we call “fission ;" or
by budding; or by serfding out these swimming embryos,—multiply
itself to an enormous extent, and give rise to thousands, or millions,
of progeny in a comparatlvely short time ; and these thousands,.or
millions, of progeny may cover a very ]arge surface of the sea bot-
tom; in fact, you will readily perceive that, give them time, and
there is no limit to the surface which they may cover.

Having understood thus far the general nature of these
polypes, which are the fabricators both of the red and white coral,
let us consider a little more particularly how the skeletons of the
red coral and of the white coral ~re formed. In that right hand
diagram, the one brillhantly coloured, you have a picture of the
livihg animal which forms the red coral. Perhaps I may make it
more intelligible by a sketch upon the black board. The red
coral polype perches upon the sea botfum, it then grows up into a
sort of stem, and out of that stem there grow branches, each of
which has its own. polypes; and thus you have a kind of tree
formed, evegy branch of the tree terminated by its polype. It is
a‘tree, but?the‘”end of the branches there are open mouths of
polypes instead of flowers. Thus there is a common soft body
connecting the whole, and as it grows up the soft body deposits in
its interior a quantity of carbonate of lime, which acquires a beau-
tiful red or flesh colour, and forms a kind of stem running through
the whole, and it is that stem which is the red coral. The red coral
grows principally at the bottom of the Mediterranean Sea, at very
great depths, and the coral fishers, who are very adventurous sea-
men, take their-drag nets, of a peculiar kind, roughly made, but
efficient for their purpose, and drag them a]ong the bottom of the
sea to catch the branches of the red coral, which become entangled,
and are thus brought up to the surface. They are then allowed to
putrify, in order to get rid of the animal matter, and the red .coral
1s the skeleton that 1s left. .

In the case of the white coral, the skeleton is more cothplete.
In the red coral, the skeleton belongs to the whole : in the white
coral there.is a specml skeleton for every one of these polypes in
addition to that for the whole body. I will'make a sketch to illus-
trate 1t. There is a skeleton formed ir. the body of each of them,
like a‘cup. divided by a number of radiating partitions towards
the outside; ‘and that cup is formed of carbonate of lime,
only not stained red, as in the case of the red coral
And ali.thése cups are joined together into a common
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-pranch, the result of which is the formation of such a beau-
ftiful coral tree as you see here, which I am enabled to
show by the kindness of the curator of jthe museum of the
Natural History Society. This is a‘great mass of madrepore,
and in the living state every one of the ends of these branches
was terminated by a beautiful little polype, like a sca anemone,
just as you see at the end of those branches in the diagram ;
and all the skeleton was covered by a soft body which united
the polypes together.  You must understand that all .this
skeleton has been formed in the interior of the body, to suit the
branched body of the polype mass, and that it is gs much its
skeleton as our own bones are our skeleton. In tfs next coral the
creature which has formed t#x"skeleton has divided itself as it
grew, and consequently has formed a great expansion; but ssat-
tered all over this surface there wete polype bodies like those I
previously described. Again, when this great cup was alive, the
whole surface was covered with a Deautiful body upon which
were set innumerable small polype flowers, if we may so call
them, often brilliantly coloured ; and the whole cup was built up
in the same fashion by the deposit of carbonate of lime in the
interior of the combined polype body, formed by budding and by
fission in the way I described. You will perceive that there is no
necessary limit to this process. There is no reason why we should
not have coral three or four times as big; and there are certain
creatures of this kind that do fabriate very large masses, twice as
big as this table, or half spheres several feet in diameter. Thys
the activity of these animals in separating carbonate of lyme
from the sea and building it up into definite shapes is very
considerable indeed.

Now I think I haye said sufficient—as much as I can without
taking you into technical details, of the general nature of these
creatures which form coral. The animals which form coral are
scattered over the seas of all countries in the world. The red
coral is comparatively limited, blut the polypes which form the
white coral are widely scattered. There are some of them which
remain single, or which give rise to only small accumulations
and the skeletons of these, as they die, accumulate™yP®n the
bottom of the sea, but they do not come to much; they are
washed about and no not adhere together, but,become mixed up
with the mud of the sea. But there are certain parts of the
world in which the coral polypes which live and grow are of
a kind which remain, adhere together, and form great masses.
« They diﬂ'ex;vl from the ordinary polypes justin the same way as those
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plants which form a peat-bog or meadow-turf diﬁ'qr from orc_linary
plants. They have a habit of growing together in masses in the
same place ; they arg what we call * gregarious” things ; and the
consequence of this is, that as they die and leave their skeletons,
those skeletons form a considerable solid aggregation at the
bottom of the sea, and other polypes perch upon them, and begin
building upon them, and so by degrees a great mass is formed,
And just as we know there are some ancient cities in which you
have a British city, and over_that the foundations of a Roman
ctty; and over that a Saxon city, and over that again a modern
city, so, in these localities of which I am speaking, you have the
accumulations ‘of the foundations of the houses, if I may use the
term, of nation after nation of ¥ncse coral polypes; and these
aceumulations may cover a very considerable space, and may rise
m the course of time from the bottom to the surface of the sea.

Mariners have a name which they annly to all sorts of obstacles
consisting of hard and rocky matter which comes in their way in
the course of their navigation ; they call such obstacles “reefs,”
and they haq% long been in the habit of calling the particular kind
of rcef, which is-formed by the accumulation of the skeletons of
dead corals, by the name of “coral reefs ;” therefore, those parts
of the world in which these accumulations occur have been termed
by them “coral reef areas,” or regions in which coral reefs are
found. There is a ‘very notable example of a simple coral reef
about the island of Mauritius, which I dare say you all know., lies
in the middle of the Indian Ocean. It is a very considerable and
beautiful island, and is surrounded on all sides by a mass of coral,
which has been formed in the way I have described ; so that if
you could get upon the top of one of the peaks of the island, and
look down upon the Indian Ocean, you would see that the beach
round the Island was continued outward Ly a kind of shallow
terrace, which is covered by the sea, and where the sea is quite
shallow ; and at a distance, varying from three-quarters of a mile
10 a mile and 2 half from the prober beach, you would see a line of
foam, or surf, which looks most beautiful in contrast with the bright
green water in the inside, and the deep blue of the sea beyond.
That Mafof surf indicates the point at which the waters of the
ocear are breaking upon the coral reef which surrounds the island.
You nev it sweep rqund the island upon all sides, except where a
river ny chance to come down, and that always makes a gap in
the shore.

There ape two or three points which I wish to bring clearly before
your notice xhout such a reef as this. In the first place, you
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perceive it foffns a kind of fringe round the island, and is therefore
called a “fringing reef.” In the next place, if you go out ina
boat, and take soundings at the edge of the Yeef, you find that the
depth of the water is not more than from 20 to 25 fathoms—that is
about 120 to 150 feet. OQutside that point you come to the natural
sea bottom; but all inside that depth is coral, built up from the
bottom by the accumulation of the skeletons of innumerable genera-
tions of coral polypes. So that you see the coral forms a very
considerable rampart round the island. What the exact circum-
ference may be I do not remember, but it cannot be less than 1oo
miles, and the outward height, of this wall of corg.l r8ck nowhere
amounts to less than about 10g.ér 150 fect.

When the outward face offthe reef is examined, you find that
the upper edge, which is e:zposed t® the wash of the sea, and all
the seaward face, is covered with those living plant-like flowers
which I have described to you. They are the coral polypes which
grow, flourish, and add to the mass of calcareous matter which
already forms the reef. But towards the lower part of the reef] at
a depth of about 120 feet, these creatures are less active, and fewer
of them at work; and at greater depths than that you find ne
living coral polype at all; and it may be laid down as a rule,
derived from very extensive observation, that these reef-building
corals cannot live in a greater depth of water than about 120 to 150
feet. I beg you torecollect that fact, because it is one I shall have
to come back to by and by, and td show to what very curious
consequences that rule leads. Well then, coming back to tHe
margin of the reef, you find that part of it which lies just within
the surf to be coated by a very curious plant, a sort of sea weed,
which contains in its substance a very great deal of carbonate of
lime, and I180ks almost like rock ; this is what is called the nulli-
pore. More towards the land, we come to the shallow water upon
the inside of the reef, which has a particular name, derived from
the Spanish or Portuguese—it is aalled a “lagoon” or lake. In
this lagoon there is comparatively little living coral; the bottom
of it is formed of coral mud. If we pounded this coral in water,
it would e converted into calcareous mud, and the wavessduring
storms do for the coral skcletons exactly what we might do
for this coral in a mortar; the waves tear off great fragments
and crush them with prodigious force, until’they are ground
into the merest powder, and that powder is washed into the
interior of the lagoon, and forms a muddy coating at the bottom.
Beside that, there are a great many animals that prey upon the
coral—fishes, worms, and creatures of that kird, and all these, by
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their digestive processes, reduce the coral-to the same state, and
contribute a very important element to this fine mad. The living
coral found in the lagoon, is not the reef building coral ; it does
not give rise to the same massive skeletons. As you go in a boat
over these shallow pools, you see these beautiful things, coloured
red, blue, green, and all colours, building their houses ; but these
are mere tenements, and not to be compared in magnitude and
importance to the masses which are built by the reef-builders them-
selves. Now, such a structure as this is what is termed a
“fringing reef” You meet with fringing reefs of this kind not
only in the Mezritius, but in a numbeg of other parts of the world.
If these were the only reefs to We seen anywhere, the problem of
the formation of coral reefs would néver have been a difficult one.
Nothing can be easicr than t& understand how there must have
been a time when the coral polypes came and settled on the shores
of this island, everywhere within the 20 to 25 fathom line, and
how, having perched there, they gradually grew until they built up
the reef.

« But thes@arc liy no means the, only sort of coral reefs in the world ;
ou the contrary, there are very large areas, not only of the Indiap
Ocean, but of the Pacific, in which many many thousands of square
miles are covered either with a peculiar kind of reef, which is called
the “encircling reeff’ or by a still more curious reef which goes by
the name of the “atoll.” There is here a very good picture,
which Professor Roscoe has been kind enough to prepare for me,
ot _one of these atolls, which will enable you to form a notion of
it as a landscape. That is an exceedingly faithful illustration
of the structure of an atoll. Vou have in the foreground of the
picture the waters of the Pacific. You must fancy yourself ip the
middle of the great Ocean, and you perceive that there is an
almost circular island, with a low beach, which is formed entirely
of coral sand; growing upon that beach you have vegetation,
which takes, of course, the shape of the circular land ; and then,
in the interior of the circle, there is a pool of water, which is not
very decp—probably in this case not more than eight or nine
fathors#®and which forms a strange and beautiful contrast to the
deep dblue water outside. This circular island, or atoll, with a
lagoc.. in the midgle, is not a complete circle ; upon one side of
it there isa break, exactly like the entrance into a dock ; and, as
a anatter of course, these circular islets, or atolls, form most
effiient breakwaters, for if you can only get inside your ship is in
perfect sufety, with ddmirable anchorage ig the interior. If the
ship werz lyiug within a mile of that beacllx\the water would be
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one or two thousand feet deep ; therefore, a section of that atoll,
with' the soundings as deep as this all round, would give you the
notion of a great cone, cut off at the top, and with a shallow cup
in the middle of it. Now, what a very sinfular fact this is, that
we should have rising from the bottom of the deep ocean a great
pyramid, beside which all human pyramids sink into the most
utter insignificance! These singular coral limestone structures
are very beautiful, especially when crowned with cocoa-nut trees.
The beauty is better shown in the coloured diagram, which. we
will now throw upon the screen. ®There you see the long line of
land, covered with vegetation—cocoa-nut trecs—and you have the
sea upon the inner and ouger sides, with a vesscl yeuf comfortably
riding at anchor; though I mv<¢ say, as 2n old Sea-furing person,
that the Lreakers are ratherfnearer the ship than I should like to
see them if I were on board. Bhat is one of the remark®ble
forms of reef in the Pacific. Another is a sort of half-way house,
between the atoll and the fringing reef; it is what is called an
“encircling reef.” In this case you see an island rising out
of the sea, and at two or threc miles distance, or more, and
.separated by a deep channel, which may be eight to twelve
fathoms deep, there is a reef, which encircl®s it like a grlat
girdle ; and outside that again the water is one or two thousand
feet deep. I spent three or four years of my life in cruising about
a modification of one of these encircling rgefs, called a “barrier
reef,” upon the east coast of Australla—one of the most wonder-
ful accumulations of coral rock ifi the world. It is about 1,100
miles long, and varies in width from one or two to many miles. X is
separated from the coast of Australia by a channel of about twénty-
five fathoms depth ; while outside, looking toward America, the
water is two or three thousand feet deep at a mile from the edge
of the reef. This is an accumulation of limestone rock, built up by
corals, to which we have no parallel anywhere else. Imagine to
yourself a heap of this material more than one thousand miles
long, and several miles wide. That is a barrier reef; but a barrier
reef is merely as it were a fragment of an encircling reef running
parallel with the coast of a great continent.

I told you that the polypes which built these regfg were not
able to live at a greater dépth than 20 to 25 fathoms of water;
and that is the reason why the fringing reef goes no farther from the
land than it does. And for the same reason/ if the Pacific could
be laid bare we should have a most singular spectacle. There would
be a number of mountains with truncated tops scattered over it,
and those mountains would have an appearance just the very
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reverse of that presented by the mountains we sze on shore. You
know that the mountains on shore are covered with vegetation at
their bases, while their tops are barrgn or covered with snow ; but
these mountains woukl be perfectly bare at their bases, and all
round their tops they would be covered with a beautiful vegetation
of coral polypes. And not only would this be the case, but we
should find that for a considerable distance down, all the material
of these atoll and encircling reefs was built up of precisely the
same coral rock as the fringing reef. That is to say, you have an
enormous mass of coral rock 2t a depth below the surface of the
water where we know perfectly well that the coral animals could
not have liveqd to form it. When those two facts were first put
together, naturatists were quite as, uch puzzled as I dare say you
are, at present, to understand how th®.e two seeming contradictions
coitid be reconciled; and zll sorts of odd hypotheses were
resorted to. It was supposed that the coral did not extend so far
down, but that there was a grcat chaih of submarine mountains
stretching through the Pacific, and that the coral had grown upon
them. But only fancy what a supposition that was, for you would
have to imagipe that there was a chain of mountains a thousand
nfles or more lohg, and that the top of every mountain came
within 20 fathoms of the surface of the sea, and neither rose
above nor sunk beneath that level. That is highly improbable :
such a chain of mountains was never known. Then how can you
possibly account for the curious circular form of the atolls by
any supposition of this kind ? +I believe there was some one who
mmagined that all these mountains. were volcanoes, and that the
reefs had grown round the tops of the craters! So we all stuck
fast. I may say ¢ we,” though it was rather before my time. And
when we all stick fast, it is just the use of a man of genius
that he comes and shows us the meaning of the thing. He
enerally gives an explanation which is so ridiculously simple that
everybody is ashamed he did not find it out before; and the
way such a discoverer is often rgwarded is by finding out that
some one had made the discovery before him ! I do not mean to
say that it was so in this particular instance, because the great
man who played the part of Columbus and the egg on this
occasion has, I believe, always had the full tredit which he so
well deserves. The discoverer of the key to these problems
was a wan whose® name you know very well in connection
with oth - matters, and I should not wonder if some of you
have heard it said that he was a superficial kind of person who
did not know much about the subject on which he writes. He
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was Mr. Darwin, and this brilliant discovery of his was made public
thirty years ago, long before he became the celebrated man he now
is ; and it was one of the most singular instapces of that astonishing
sagacity which he possesses of drawing consequences by way of
deduction from simple principles of natural science—a power
which has served him in good stead on other occasions. Well,
Mr. Darwin, looking at these curious difficulties, and having that
sort of knowledge of natural phenomena in general, without
which he could not have made a step towards the solution of the
problem, said to himself—*1It i§ perfectly clear that the coral
which forms the base of the atolls and fringing reefs could not
possibly have Dbeen forimed there if the levelsef” the sea has
always been exactly where it -5 'now, for we know for certain that
these polypes cannot build at a greater depth than 20 tg 25
fathoms, and here we find \hem at’o or 100 fathoms.”

That was the first point to make clear. The second point to
deal with was—if the polypes cannot have built there while the level
of the sea has remained stationary, then one of two things must
have happened—either the sea has gone up, or the land has gone
down. . .

. There is no escape from one of those two alternatives. Now
the objections to the notion of the sea having gone up are very
considerable indeed; for you will readily perceive that the sea
could not possibly have risen a thousamd feet in the Pacific
~ithout rising pretty much the spme distance everywherc else;
and if it had risen that height everywhere else since the reefs
began to be formed, the geography of the world in general ‘n'ust
have been very different indeed, at that time, irom what 1t is
now. And we have very good means of knowing that any such
rise as this certainly has not taken place in the level of the
sea since the time that the corals have been building their houses.
And so the only other alternative was to suppose that the land
had gone down, and at so slow a rate that the corals were able to
grow upward as fast as it went ownward. You will see at once
that this is the solution of the mystery, and noth'ng can be
simpler or more obvious when you come to think about it
Suppose we start with a coral sea and put in the midddesof it an
island such as the Mauritius. Now let the coral polypes come and
perch on the shore and build a fringing geef, which will stop
when they come to 20 or 25 fathoms, and you will have a friuging
reef like that round the island in the illustration. So long as the
land remains stationary, so long as it does not descend so long
will that reef be unable to get any further out, because the moment
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the polype embryos try to get below they die. But now suppose
that the land sinks very gradually indeed. Let it subside by
slow degrees, until the mountain peak, which we have in the
middle of it, alone projects beyond the sea level. The fringing
reef would be carried down also ; but we suppose that the sinking
1s so slow that the coral polypes are able to grow up as fast as
the land is carried down ; consequently they will add layer upon
layer until they form a deep cup, because the inner part of the
reef grows much more slowly than the outer part. Thus you have
the reef forming a bed thicker*upon the flanks of the island ; but
the edge of the reef will be very much further out from the land,
and the logodtwayill be many times deeper-—in short, your fringing
reef will be converted into an ‘t@.%i‘rc]ing reef.  And if, instead
of ¢this being an island, it were a great continent like Austraiia,
then you will have the phefiomenon of a barrier reef which I
have described. The bariier reef of Australia was originally a
fringing reef. The land has gone slowly down ; the consequence is
the lagoon has deepened until its depth is now 25 fathoms, and the
corals have grown up at the outer edge until you have that prodi-
gigus accumu?:ttio‘n which forms the barrier reef at present. Now
let this process go on further still ; let us take the land a further
step down, so as to submerge even the peak. ‘The coral, still
growing up, will cover the surface of the land, and you will have
an atoll reef ; that is ¢o say, a more or less circular or oval ring
of coral rock with a lagoon jn the middle, ‘Thus you see that
every peculiarity and phenomena of these different forms of coral
re@f‘was explained at once by the simplest of all possible sup-
posttions, namely, by supposing that the land has gone down at a
rate not greater than that at which the coral polypes have grown
up. You explain a Fringinz Reef as a reef which is formed round
land comparatively stationary ; an Encircling Reef as one which
i formed round land going down ; and an Atoll as a reef formed
upon land gone down ; and the thing is so simple that a child may
understand it when it is once explained.

But this would by no means satisfy the conditions of a scientific
hypothesis. No man who is cautious would dream of trusting to
an cxplameeion of this kind simply because it explained one parti-
cular se! of facts. DBefore you can possibly be safe in dealing with
Nature- who is very properly made of the feminine gender, on
account of.the astcnishing tricks which she plays upon her
admirers !'—1I say before you can be safe in dealing with Nature—
you must get two or threc kinds of cross proofs, so as to make
sure not only that your hypothesis fits that particular set of facts,
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but that it is not contradicted by some other set of facts whichis
just as clear and certain. And it so happens, that in this case Mr.
Darwin supplied the cross proofs as wgll as the immediate
evidence. You have all heard of volcanoes, those wonderful vents
in the surface of the earth out of which pour masses of lava,
cinders and ashcs, and the like. Now, it is a matter of observation
and experience that all volcanoes are placed in areas in which the
surface of the carth is undergoing elevation, or at any rate is
stationary ; thcy arc not placed in parts of the world in which the
level of the land is becoming lowered. They are all indications
of a great subterranean activity, of a something being pushed up,
and therefore naturally the land either gives waviefl lets it come
through, or else is raised up !.; its violence. And so Mr. Darwin.
being desirous not to merely put out a flashy hypothesis, bat to
get at the truth of the matier, said to himself, “If my notion of
this matter is right, then atolls and encircling’ reefs, inasmuch as
they are dependent upon subsidence, ought not to be found in
company with volcanoes; and, vice versa, volcanoes ought not to
be found in company with atolls, but they ought to Le found in
company with fringing reefs. And if you tury to Mr. Darwgn’s
great work upon the ceral reefs, you will see a very beautiful
chart of the world, which he prepared with great pains and labour,
showing the distribution on the onc hand of the reefs, and on the
other of the volcanoes; and you will find that in no case does the
atoll accompany the volcano, or the volcano burst up among the
atolls. It is most instructive to look at the great area of the Pacific
on the map; and see the great masses of atolls forming in, one
region of it a most enormous belt, running from north-west to
south-east ; while the volcanoes, which are very numerous in
that regipn, go round the margin, so that we can picture the
Pacific to ourselves a section of a kind of very shallow basin—
shallow in proportion to its width, with the atolls rising from the
bottom of it, and at the margins the volcanoes, 1t is exactly as if
you had taken a flat mass an® lifted up the edges of it; the
subterranean force which lifted up the edges shows itself in vo}
canoes, and as the edges have been raised, the middle part of the
mass has gone down. In other words, the facts™ef= physical
geography precisely and exactly correspond with the hypothesis
which accounts for the infinite varieties of cgral reefs.

One other point, before I conclude, about this matter, for T
find that time is running on very fast. These reefs, as you have
just perceived, are in a most singular and unexpected manner
indications of physical changes, of elevations and depressions
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going on upon the surface of the globe. I dare say it may have
surprised you to hear me talk in this familiar sort of way of land
going up and down;pbut it is one of the universal lessons of
geology that the land 1s going down and going up, and has been
going up and down, in all sorts of places and to all sorts of dis-
tances, through all recorded time. Geologists would be quite
right in maintaining the seeming paradox that the stable thing in the
world is the fluid sea and the shifting thing is the solid land. That
may sound a very hard saying at first, but the more you look into
geology, the more you will see ground for believing that it is not a
mere paradox.

In an unexPe2:ed manner, again, these reefs afford us not only an
indication of change of place, but‘dw:v afford an indication of lapse
of time. The reef is a timekeeper of & very curious character ; and
you can easily understand why: The coral polype, like everythmg
else, takes a certain'time to grow to its full size; it does not do it in
a minute ; just as a child takes a certain time to grow into a man,
so does the embryo polype take time to grow into a perfect polype
and form its gkeleton. Consequently every particle of coral lime-
stgne is an expression of time. It must have taken a certain time
to separate the lime from the sea water. It is not possible to
arrive at an accurate computation of the time it must have taken
to form these coral islands, because we lack the nccessary data;
but we can form a rough calculation, which leads to very curious
and striking results. ‘The computations of the rate at which corals
grow are so exceedingly variable, that we must allow the widest
possible margin for error ; and it is better in this case to make the
allowance upon the side of excess. 1 think that anybody who
knows anything about the matter will tell you that I am making a
computation far in excess of what is probable, if I say that an inch
of coral limestone may be added to one of these reefs in
the course of a year. I think most naturalists would be inclined
to laugh at me for making such am assumption, and would put
the growth at certainly not mowe thin half that amount. But
supposing it to be so, what a very curious notion of the antiquity
of some of these great living pyramids comes out by a very simple
calculatms*> There is no doubt whatever that the sea faces of some
of them are fully 2 thousand feet high, and if you take the reckoning
ofan inch a year, that will give you 12,000 years for the age of that
particular pyramid or cone of coral llmestone : 12,000 long years
have these creatures been labouring in conditions which must have
been substantially the same as they are now, otherwise the
polypes could mot have continued their work. But I believe I
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very much understate both the height of some of these masses, and
overstate the amount which these animals can form in the course of
a year; so that you might very safely doublqthis period as the timne
during which the Pacific Ocean, the general staite of the climate,
and the sea, and the temperature has been substantially what it is
now ; and yet that state of things which n.ow obtains in the Pacific
Ocean is the yesterday of the history of the life of the globe.
Those pyramids of coral 10ck are built upon a foundation, which
is itself formed by the deposits which the geologist has to
deal with. If we go back in time and search through the series
of the rocks, we find at every age of the world’s history which
has yet been examined, saccumulations of limzwehe, many of
which have certainly been bu't tip in just the same way as those
coral reefs which are now' forming the bottom of the Pagific
Ocean. And even if ve turm to the oldest periods of
geologic history, although the nature of the materials is changed ;
although we cannot apply to them the same reasonings that we
can to the existing corals, yet still there are vast masses of
limestone formed of nothing else than the accumulations of
the skeletons of similar animals, and testifying that even in thgse
remote periods of the werld’s histery, as now, the order of things
implies that the earth had already endured for a period of which
our ordinary standards of chronology give us not the slighest
conception. In other words, the history of these coal reefs, traced
out honestly and carefully, and with the same sort of reasoning
that you would use in the ordinary affairs of life, testifies, hke
every fact that I know of, to the prodigious antiquity of the fth
siuce it existed in a condition in the main similar 10 that in which
it now is.
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Whirst we all look with admiration at the countless stars which
on a clear night, are seen to be brightly shining, or delight in the
blaze of the midswmmer sun, there are, perhaps, few amongst us
who know that the light of the twinkling stars and that of the
bright sun carries along with it some secrets of its nature which it
has been the privilege of modern science to unfold. No less
strange than true is it that by means of this light we arc able to
tell something about the compnsition of these heavenly bodies—
wa,can learn what they are made of. Yet this seems almost incre-
diblc—that we should be able to tell what exists in the sun at a
distance of ninety-one millions of miles ; or still more, that we can
say that substances which we know well on this earth, such as iron,
sodium, magnesium, calcium, and hydrogen, are present ¢n stars at
distances from us so great, that the mind utterly fails to conceive
of them, for though light travels at the rate of 192,000 miles per
second, it may take 1,000 years for the light of some of these
stars to reach earth.

I wish to explain to you, as clearly as I can, and using as plain
lanBuage as may be, how these discoveries have been made, and
(o show Y6u' that this strange discovery is the result of plain and
straightforward redsoning upon simple and exact observation and
experiment. In.endeavouring to do this I shall be very much
aided by the fact which 1 am able to announce, that the conti-
nuation of this subject will be taken up next week by a gentleman
-who has rendered his name illustrious in connection with spectruny
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analysis — Dr. Huggins — who will tell you, next Tuesday, how
he has been able to discover the composition of the stars, though
they are at such an inconceivable distance.

I shall confine myself to-night to the simpler and introductory
portion of the subject, and endeavour to show you the principles
upon which this language of the stars has been translated for us,
by applying the discoveries in spectrum analysis in the first
instance to the carth, and at the close of the lecture to the sun.

In the first place, I must reming you that it is the aim of the
study of chenustry to detcrmine of what the earth is made up;
and I shall have to show you that spectrum analysis, has taught us
a great deal concerning the composition of oui” éarth with which
we were not formerly acqua:nted. Chemists have to ascertain the
composition of everything that comes within their reach, wh®her
that thing be fetched from the deepest mine, or from the highest
point to which man has ‘ascended, even in a balloon, or whether it
comes from the north or south pole, or from the tropics. Chemists
have discovered that substances can be divided into two great
classes—those which have been divided into something different,
and those which have not been so divided. Tae last of thesesare
termed elementary bodies. We are acquainted with sixty-three of
these clementary substances, and it is these that make up the sub-
stance of our earth, and therefore constitute the fabric of which
the science of chemistry is composed. I need hardly remind you
that because a body is invisible there is no reason to suppose that
it does not exist. Tor instance, you know that coal gaj is
invisible, for if you open a gas tap you do nnt see anuhing
come out; but if you put your nose to.it you will perceive the
smell of the gas. So that invisibility is- no proof of the same-
ness of themical bodies. We have a host of invisible bodies
besides air and coal gas. Chumists, by their investigation of nature
and her products, have discovered that all'bodies can exist in three
distinct states, namely, as solids, liquids, and gases. For instances
as solid ice, liquid water, an(f gaseous steam. All substance,
may be converted into gases, liquids, or solids, by adding or
removing heat. We add heat to solid ice to convert it into witer;
we add heat to liquid water to make it into gaseous Stefiln; and if
we add heat enough to iron we can turn it into vapour. There is
no substance which cannot, if we heat it sufficiently, be converted
into vapour; and we have reason to believe that' there is no sub-
stance which, if we could cool it sufficiently, would not both be
liquified and solidified, though this has not yet been in all cases
effected. ‘There are many gases which we have not yet been abie
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to condense into a liquid or a solid ; but if we were able to apply
a sufficient degree of cold, or rather to abstract enough heat, from
these bodies, we have |:very reason to believe that they would be
convertible into solids and liquids. These three conditions of
matter are what we may term functions of the temperature ; that
is to say, they depend entirely upon the temperature. For in
stance, I can show you that we can burn a piece of iron when
we have the means, such as I have here, of producing a high
tamperature, hotter than anything we know, excepting the electric
spark. [Professor Roscoe consumed a piece of watch-spring in
the heat of the electric lamnp. as though it were a piece of tinder,
the corruscatiof<of the sparks mgking this a very pretty experi-
ment.] I can actually turn metal*ioto vapour by means of the
electzic lamp, which gives not only a very Dright light but an
exceedingly high temperature. = [The image of a piece of carbon
was thrown upon the screen, and a small Dit of silver having been
placed between the poles of the lamp, the bright green streak of
the silvervapour produced by its volatilization was distinctly visible.]
I might go ofMshowing you a great number of illustrations of this
sory to demonstrase that all bodies can be converted by tempera-
ture into vapour.

I stated at the beginning that we have by mcans of this spectrum
analysis the means of detecting the compositjon of the sun and
stars ; but we have, also, the means thereby of ascertaining the
composition, or chemical nature, of the earth, with a degree of
accyracy beyond anything that chemists prc.vxously possessed.
Allow. me to illustrate this to you in another and familiar way,
and the commonest illustrations are often the best. Suppose we
were to visit the Manchester waterworks at Woodhead, which are
so creditable to the corporation of this city, and so benefieial to its
inhabitants, and were to throw a cartload of salt into the clear
water, when that water reached us, after passing through all the
ramifications of the supply pipes, I do not think that any one who
drank the water would be consciolis by its taste that a cartload of
salt had been tumbled into the rescrvoir. 1In other words, our
palages are not delicate enough to detect the presence of this small
quantity Orsait; but the chemist has other methods placed at his
disposal, far more delicate than the human taste, for detecting the
presence of salt. .If I take one or two grains of salt, and put it
mnto this lirge quantity of water, it is quite inappreciable to the
tongue or palate ; but if I use a more delicate test, I can detect the
presence of even a fraction of a grain of salt. I will take a small
quantity of nitrate of silver, and add it to the water in which I
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placed, the salt, and you will see by the light of this burning mag-
nesium wire that the salt 1s made distinctly visible; whereas in the
other vessel of water in which I placed nq salt there is no such
evidence, when I likewise add nitrate silver. That serves
as a simple and common illustration of this fact, and it seems to
be one that you appreciate. Now let me put this case :—Suppose
a chemist had so small a quantity of salt present in this bottle that
his test with nitratc of silver failed to give him any reaction, he
might say there was no salt there; but now spectrum analysis
steps in, and shows us that all our themical reactions have hitherto
been only rough approximations to the truth, and we can by
spectrum analysis show the presence of salt in thig heftle. Thus the
minutest trace of salt can be nfade visigle in this non-luminous
flame, composed of a mixture of common gas and air ; and thegg is,
probably, a small quantity of saltseven now floating in the atmo-
sphere.  You notice certain yellow specks in the flame; those
specks show that there is salt in the air. If I only rab my hands
which have touched the salt, or even shake my coat over the flame,
you perceive the yellow colour indicating the presence of salt.
You must not suppose that I salted my coat beforehand. (A
laugh.) Here we have the means of detecting substances by means
of the colour which they impart to flame.

Now let us follow this out a little further, and for that purpose
I must change my point of view, and ask youi to accompany me in
an examination as to the naturc of the light from the sun and other
bodies, in order that you may undelstand what makes the difference
in the light of this gas flame when substances are burned in it. _ ®or
this purpose, I will again make use of the electric lamp, the Beau-
tiful white light of which is due to the incandescence of pieces of
carbon, or gas charcoal. I want to call your attention to the
characteristic properties of this white light. It is to Sir Isaac
Newton that we owe the discovery of the peculiar arrangement of
cclours in this white light. Sir Isaac Newton experimented with
sunlight ; but I cannot command sunlight in this room, and must
therefore manufacture a light the nearest to it that I can. If I
pass this white light through two triangular pieces of glass, cglled
prisms, we shall see that it is built up of different cola~s- I have
now passed the light through the prisms, and you perccive that it
makes on the screen a brightly coloured band. This is due to the
decomposition of the white light ; that is to Say, the white light is
split up into this splendid rainbow, showing that white light is
composed of varying tints, ranging from red to yellow, orange,
blue, and violet.
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I drew your attention at the beginning of the lecturc:to the
fact that all bodies can exist in three states; and we find that
those substances whigh are solids all give off the same kind of
light. I I were to take a piece of metal, gold, silver, or platinum,
and make it white hot, as I am now doing with these carbon points,
the gold, silver, or platinum would cach exhibit all these rainbow
colours, and by this means I should therefore not be able to tel!
whether the substance were gold, silver, platinum, or carbon. This
fact that white light consists of a number of different colours,
although it was first made knéwn by Sir Isaac Newton, in 1675,
yet it is only within the last ten years, or less, that we have been
able to make“we, of this important and. interesting fact, by apply-
ing it to the discovery of the composition of the earth, and the
sung and stars. 1 should like to show you, by another simple
experiment, that all these diffirently coloured rays when brought
together again produce the effect of white light. This I can do
by reversing the prism. In the first place, let me say that
if I use no prism, we get on the wall a bright image of
the slit throwgli which the light passes. If I put one prism
inyI get on the wall a bright spectrum, though not so extended
as that which I obtain wien 1 use two prisms. Now, if I allow
the light to pass through the second prism placed in the oppo
site direction, you will see that I shall be able to get nothing
but a bright slit of wkite light. Here you see the light coming
through Dboth prisms, but all the coloured lights on the wall are
again converted into white light, by the reversal of the second
prism.  Now, 1 have again produced all the differently coloured
rays by turning round the prism, and the effect is to show
you that white light is a mixture of all these differently coloured
rays. That is the conclusion to which Sir Isaac Newton arrived.

Now, let us pass on to the more immediate portion of olr sub-
ject. I will strew on these carbons a small quantity of common
salt. I wiil take with my knife a small portion of salt, and bring
it on to one of these poles; and I think it will not take long to
show you a considerable and remarkable change in the nature of
the spectrum. You sec that I have made a bright yellow line
visible, <€an show it to you better in another way. I will puta
little of the common salt into the hole on the carbon, so that it
may be held, and it will be turned into gas, by the heat of the
glectric #rc. There! You see that instead of getting a con-
tinuous spectrum, we have a bright yellow band. It is a remark-
able fact that sodium has the power of producing this briglt
yellow line ; and what is more remarkable we find that no other
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substance is capable of producing this yellow line. The metal
contained in common salt is the only substance we know ot
which has this particular power. This jeculiar yellow bard
would be much more distinctly seen if ydu could all look sepa-
rately into the instrument called a spectroscope ; I am at a great
disadvantage in being obliged to show it to you all at once. In
the instrument yon would observe the yellow flame to be exces-
sively thin, as thin as the thinnest spider's web; and yet it 1s
always visible when any sodium is present.

So delicate is this reaction, that *the first experimenters some
years ago could not believe that this yellow light was due to
the compound of sodium ; Jbut some thought it wr.mfue to water,
whilst others did not know to what it was due. They could not
believe that sodium was everywhere present ; for you cannot lerwe
a clean platinum wire exposed tosthe air for a moment without
little particles of soda becoming attached to it. We have heard
a great deal lately from Professor Tyndall and Dr. Angus Smith
about the dust ia the air, and this is a corroboration of the fact.

Sodium or common salt pervades the earth and air universally;
it dances in the sunkeam, and we cannot get rid gf it, do what we
will. Now the light emitted by sodium is termed a monochromatic
light ; that is, it contains rays of one kind only; and I will show
you that itis so by a very simple experiment. I have here a
diagram containing large printed letters in various bright colours,
which I am going to illuminate. A When I take a little of this
soda, and burn it, you will see tiat the diagram, and perhaps
my face also, shows no trace of difference of colour, but is gn‘e
uniform grey,tint* (A laugh.) That proves that the light which
the soda vapour gives off is made up of one kind of ray, and is
therefore tgrmed monochromatic.

Now, as all we have to do to be able "to detect soda is to
bring it into the state of vapour, so we have only to do the
same thing when we want to detect the presence of any other
metal, namely, bring it into a state of vapour, and examine its
spectrum, that is, examine the light which the vapour gives
off. Vou saw just now on the screen a beautiful green light
which was caused by the vapour of silver; and if I wu= bring a
small quantity of metal on to the poles of the carbon, you will
see that the light consists of particular rays, the spectrum docs not
exhibit one continuous band, but is a broken one. You will
readily perceive that this gives us a delicate means of detecting.
the presence of substances. Supposing, for instance, I want to
detect silver, I have only to make it volatile and examine the

N
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silver gas by means of this bright electric spark, by which I
can produce a temperature sufficiently hot to volatilise almost
any substance. l-lfat does this bright spark consist of? Simply
of metals brought ilito a state of gas. If that light from this
spark wcre s‘dhucntly strong, it would enable me to throw upon
the screen the bright lines produced by the metals which form
the poles from which the spark is passing. I will now show it
to you with the electric lamp, first an experiment with zinc, and
afterwards with copper and brass. What I want you to under-
stand is that no other sullstance but zinc has this power of
producing these particular bnght lines; so that wherever we sce
these brlsthes we are perfectly sere that zinc must be there
present. |The experiment showed first the copper lines, then
the zinc lincs, and afterwards the lines of both these metals
from the volatilization of brags. Tlaving to experimentalise almost
in the dark, Professor Roscoe had to ask for patience on the part of
the audience for momentary delays in making the arrangements.
We may say here that the utmost order, patience, and good
humour pyevuiled throughout the lecture.] You now see how
gplendidly the red and blue bands of the zing come out. Of course
the effect 1s momentary, and not continuous, owing to the limiting
conditions of the experiment. Now, I will try to show you the
effect with copper. You will remember that I must change the
copper into gas before I can exhibit the beautiful lines which the
copper gives ; and as it requires a very hlgh temperature to fuse
copper and convert it into vapour, and as I am at a considerable
Cust.mce from the screen, I shall again have to tax your patience a
litthe. 1 dare say we shall get it, but we shall have to boil our
copper a little longer. (A laug]x.) There! Now you see the
beautiful green light of the copper, and now we have  the lines of
both zinc and copper as 1 have now placed a piece of brass on the
carbon pole. I will now show you silver. There you see the
bright silver lines. If I were to go on showing you all the metals,
it would be the same, that is,ceach metal would exhibit specxal
peculiur, and characteristic bands. By such delicate test experi-
ments as these, chcemists have been able to detect no less than
four newmclementary bodies. They have discovered that one
of these substances, lithium, which was thought to be a very rare
substance, is really, present almost everywhere. Lithium imparts
to the flame a remarkably fine crimson tint, which you will see ina
moment in the flame of the lamp on the table. T his lithium, I repeat,
was considered to be a very rare substance ; but by means of spec-
trum analysis it has been found to exist everywhere. If you only hold
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the ash of a cigar in the flame, you will see this peculiar red line in
the spectroscope. I am afraid that the sodiurg which is present in the
flame will rather neutralise the tint, neverthdless you will be able to
see it. Why is it that we do not sce the red flame more distinctly ? It
is because the red colour due to the htluum is mixed up with the
yellow colour duc to the sodium ; but by means of spectruin analysis
we can separate the red light from the yellow. The yellow light is
more refrangible than the red light, and consequently, by means of
the prism, we shall find that the socaim line takes one place, and the
lithium line another ; and the resultis we have a beautful red line
alongside the yellow line. | Ther: you see the yelloge sodium ling
and there, on the right side, ysu see the red lithm hne.  You
can now maderttand how the nnnutest trace—the millionth parg or
less—of a grain of lithium, can e detected, because the hight
which it emits is not interfered with by the yellow hight, and, as I
said, no other substance but lithium gives this splendid red line.

I will next show you a substance wluch has been newly disco-
vered.  Itis called thallium. 1t is an clementary body, and was
discovered by an Englishman, Mr. Crookes. Two new elementary
bodies had previously been discovered in the saiffe way by a gidat
German chemist, named Bunsen, the discoverer of two new alkaline
metals resembling potassium, the metal contained in common
potashes, and which he would have been ynable to detect, had
1t not been for this wonderful spectrum analysis. I am going
to show you the spectrum of th#llium. You will see a brilhant
green line, from which it takes its name, derived from the Greek
word thallus, a green twig. That green line indicates the preséhee
of a new body; it tells us a sccret—that of the existence of
this new substance to which the name of thallium has been
given. Nb other body gives this green ling but thalliuh, and no
other body gives this yellow liue but sodium, or this red line but
lithium.

Now, you will, I hope, be in, a position in some degree to
understand how it is that the light of the distant sun can be
analysed, a body so distant that i{ we had a railway from here
to the sun, and we were to travel as passengers gf,the rate
of 40 miles an hour—ahich railway directors tcll us is about
as fast as is consistent with safety—it would take us about 300
years to get there ! Light travels at the rate 8f 192,000 miles in
a second, and consequently it does not take more than eight and
a half minutes for the light of the sun to reach us. You will now
readily understand how this spectrum analysis enables us to judge
what there is in the sun, because if I saw this yellow line in the
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sun’s rays, or this green line, I should infer that the substances
producing these lines yxisted in the sun. This would appear to
you still more striklag if I could show you the lines caused
by the vapour of iron, and many other metals, all producing
lines of different degrees of breadth and luminosity. Spectrum
analysis enables us to test in the same way the light of the
fixed stars, although they are at such an inconceivably much
greater distance than the sun. If I discover the yellow line in
the starlight, I infer the presence of soda. It does not matter
whether the flame which 1 analyse is five inches from my eye,
or five mileshgr, five millions of miles, or five millions of millions
of millions of millions of miles! If I can by means of the
prism perceive certain well-known lines, I am justified in infer-
ring, with scientific certainty, the presence of the corresponding
substances. I say 1 am as certain of my conclusion in this case
as I am of any other question in natural science. I apply certain
tests to a mineral sent to me from New Zcaland, and I come to
the conclugign that the mineral is iron; and nobody doubts it.
litut somebody might say that if other tests had been applied, I
should have folind that the mineral was not iron. Still, having
applied all the means in my power, I find that the effects corres-
pond with those produced by iron, I am scientifically logical in
asserting that the substance really is iron, and so for the existence
of iron 1n the sun, all I can say 1s that if I apply these tests and
the result is invariably to show the presence of thesc lines of light,
fidicating the existence of iron in the sun, I am as philosophically
and scientifically correct in my inference that iron exists in
the sun as though I had seen and handled it. ‘

Let me now try to explain to you what we see in the sunlight.
This will'be the second part of my lecture, and I shall not detain you
much longer, because I am simply making this part of my lecture
introductory to Mr. Huggins’s. What do we see in the sunlight ?
Do we’'see the same bright unintgrrupted band that we have noticed
here? No, we do not; we have something different. I cannot
show you sunlight now, but I will try to explain what it is we see
in the suadight, when we look at it through dn accurate instrument.
I have here a.picture, or diagram, which will serve to show the
kind of thing we see in the sunlight. I use the common means of
the magic lanterrt to show this picture, which is roughly prepared
and imperfectly coloured, but it will serve you that the solar spectrum
is a coloured band, from red to blue, as in the electric spectrum,
but with thisaddition—that it is intersected with dark lines. These
dark lines are always present in the sunlight, though Sir Isaac
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Newton did not see them. They were first mapped by a German .
optician, named Fraunhofer, and these lines are known as Fraun-
hofers lines. Ten years ago nobody knew what Fraunhofer's lines
were; they were a kind of sphinx amongst opticians ; nobody
knew what these black lines in the sunlight denoted. They were
always found, whether in direct oy reflected sunlight, whether in
the light of the sun or in the light of the moon, or the planets
Venus, Mars, Jupiter, &c., which, you know, reflect the light of
the sun. So long age as 1819 Fraunhofer found that although
there are dark lincs in starlight, ,yet they do not exist in the
same number and proportion in starlight as in sunlight; the
stars shining, as you are aware, by their own light. He there-
fore came to the conclusion that thesc dark linud were caused
by something which existed in the sun and the stars, and was
not due to anything in or air, else why was starlight diffcvent
from sunlight, hoth having to pdss through our air? I will
show you a drawing made by Fraunhofer, exhibiting the black
lines, of which there are thousands in tihe sunlight, and they are
nothing more than parts of the sunlight where a particular kind of
light is wanting, and thercfore there is a black space or line; and
these lines are so numerous that they appear nsarly to fill up she
whole space, and are yct so thin that they do not appreciably
detract from the total amount ef light that comes to us.

What causes these shades in the sunlight? The great discovery
of the cause of these dark lines was made By a German, Professor
Kirchhoff. In matters of sciemce we have been very much
indebted to the Germans, and but for their laborious and intellec-
tual labours we should be wanting in many valvable discovgries.
Of late they have been taking the lead in war as they have
long done in their knowledge of Nature. Professor Kirchhoff,
working *quietly in his laboratory at Ifeidelberg, was able to
explain this enigma of the dark lines in the sunlight. He discovered
this long-kept secret of nature, and told us what these dark lines
really mean. Kirchhoff found on examining these dark lines that
certain of them correspond eXactly with those beautiful bright
bands which I have endeavoured to show you on the screen. He
obscrved that everv one of the hundreds of bright lines in the iron
spectrum had its corresponding dark line in the sufflight. How
was this? Why should these lines all exactly coincide. I will
endeavour to show you the correspondence between these dark
lines in the sun with the bright lines of the iron. There! these
are maps of sufilight uncoloured, for we only desire to show now
the position and breadth of space occupied by these dark lines.
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Below these you will see a number of smaller lines which indicate
the position of the bright iron lines. I was fortunate enough
myself some years ago to sec this thing with my own eyes. I am
privileged to reckon [Kirchhoff and Bunsen among my intimate
friends, and I was visiting them when they were making these
interesting discoveries. When, they showed this thing to me it
flashed upon my mind at once—sthere is iron in the sun —because
for every one of the bright iron lines there was a corresponding
dark one scen in the solar spectrum.  Understanding this remark-
able coincidence, the only question we need now to ask is—How
is it that if there is iron in the sun we do not sce these lhnes
bright but dagk? How is that? 'That is the only point which
now remains to be answered. L will éndeavour to show you an
experiment to prove to you that we can make these bright lines
darh, and I will try to show you that I can make artificial
sunlight so far as regards the formation of one black line, and that
I can get in place of the bright yellow sodium lme a black hine.
I can only show this in the case of sodmm, but the same thung
holds good for all the other metals. I am going to burn a lttle
sodium, and’I want you to notice that on the part of the screen
whtre you saw thz yellow line you will see in its place a black
one. By that experiment I have, in a rude and imperfect way,
manufactured sunlight.  There you see the black line between
the two yellow ones. There is a black line where the sodium
ought to be, and as that absorbs the sodium, it is that black band
which appears in the sunlight. (The same thmg takes place in the
suy. It scems very singular that the sodium vapour, which gives
off a.yellow light, should absorb yellow light ; and yet nothing in
reality is more true, or more likely, from being in accordance with
many other facts in science.

Now, we know from astronomical and ciher observations that
the temperature of the sun is exceedingly high. Things which on
the earth are solid and liquid are in the sun gases. Therefore, we
do not need to wonder at finding 1 iron in the sun in a state of gas,
for the temperature of the sun i far higher than the temperature
of this electric spark, or cf the oxy-hydrogen flame in which I
burned iron_just now. It is this iron and sodium and other
elements ifi a state of vapour which have the power of absorbing
the exact kind of light which they give cff; and the consequence
1s that instead of shewing bright lines in the sun you see dark
vnes. As if to render this explanation still more easy of our
acceptance, science.has helped us again by a recent discovery in
tegard to the appearance of the sun during a total eclipse. Some
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very extraordinary appearances present themselves when the sun
is totally eclipsed, and I hope that after Christmas I shall be able
to announce to you that we shall have g lecture on the forth-
coming eclipse of the sun from Mr. Lockygr. The extraordinary
red flames or prominences which shoot out from the sun are oniy
visible during an eclipse, and many of us are going to Sicily
shortly to see that phenomenon.. These red prominences are
due to the ignition of hydrogen gas, and they give bright lines
instead of dark ones, exactly like those you saw on the screen.
These red flames shoot up some 8a,000 or go,000 miles above the
surface of the sun, and they arc dac to the presence of glowing
hydrogen. I am going to show you some gloying hydrogen.
1 havg here in this glass tube hydrogen gas, and when I heat it
by an electric current, you will see the beautiful colours due
to the glowing hydrogen, and jdentical with those of ‘%the
red solar prominences. That beautiful red colour on my right
is the colour we sce in a total eclipse when the red promi-
nences shoot out. ‘T'hese red prominences then consist of glowing
hydrogen.

And now, suppose you ask me—What of all this? How much
better shall we be for knowing that there are tatse new clemetts
in the earth, or that lithium is present everywhere, or that iron
and hydrogen are cogtained in the sun and stars? What am I
to say to you? Why, 1 will begin by tellinﬁ you the story of that
good old Amecrican philosopher, Benjamin Franklin, who, like the
fabled Prometheus of old, first drought lightning down to the
earth by the string of his kite. He was asked this questionasof
his discovery, and he answered, “ Tell me the ase of an infant.”
“ Make it of use.” So in science, the infant truths must be made
useful. Neither you nor I perhaps can see the Aow or the when,
but that the time may come at any moment when the most obscure
of nature’s secrets shall at once be employed for the bencefit of
mankind, no one who knows anything of science can for one
instant doubt. Who could have foretold that the discovery that
a dead frog’s legs jump when 1hey are touched by two different
metals should have led in a few short years to the discovery of the
electric telegraph? Who could have imagined thg} a chemical
compound, a few years ago scarcely known but to a few scientific
chemists, should turn out the greatest boon ever bestowed by
science upon suffering humanity? We all now know the value and
uses of chloroform. So I might go on through all the different
branches of science, unfolding to you, in endless vanety and
number, instances of the direct benefit of scientific discovery
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Enough, surely, has been said to satisfy you of the national
importance of science and of scientific résearch.

But apart from the usefulness of science in the sense which I
have here employed—-by which I mean its application to raising
the material welfare of mankind—there is another and a higher
part for science to play, namely, to enlarge the understanding and
to purify the hearts of men. To the study of nature men may
always look as a source of pure, unalloyed cnjoyment, a spring
which is never dry, a food which never satiates. ~What gives
zest and spirit to that poor weaver’s life, who walks for miles after
his hard day’s work—as many®*do—to securc a rare fern, or find a
new coal fossilg Does he earn a farthipg more? Will his master
pay him more wages? Or can he‘thereby ‘“turn an honest penny,”
as it is termed? Not he. His aims are loftier and nobler. His
prize and payment is a far higher one—that of an enlarged mind
and a peaceful heart. His thoughts are raised above the mecre
struggle for wealth and position. He lives quietly and contentedly,
and finds in the pursuit and study of nature that peace and happi-
ness which ajpne such studies can give.

It is with the hope that some few may be induced to take up
scitntific pursuits“that these lectures have been arranged. We all
know how in England political power is gradually being transferred
to the masses of the people. Whether thatstransference proves a
blessing or a curse depends on the people themselves. A people
whose mniasses are without knowledge and without tastes for higher
things than the mere struggle fdv existence can come to no good.
Thke Education Bill passed last session will, let us hope, secure for
every child the rudiments of education; but to elevate the tastes
of the people, to show men how debasing are the habits to which
many of them are chained, and to point out the direction in which
they must tread in order to be true and happy men—this'is evena
more difticult and tedious task.

If this course of Science Lectures to the People helps even in
the slightest degree to advance thjs, perhaps, the greatest necessity
of our land and of our time, the labours of those who are engaged
in giving them w111 not have been bestowed in vain.

On the motion of the Rev. S. A. STEINTHALL, hearty thanks
were given to Professor Roscok for his interesting and instructive
!,ecture, and for the trouble he had taken in arranging the present
course of lectures and classes
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I HAvVE to describe, this evening, some of the most important of
the recent additions to our knowledge of that #ist array of luhni-
nous orbs which have been in all ages a beauty and a mystery to
mankind. Last week, my distinguished friend, Professor Roscoe,
gave in this room an account of the principles of the new method
of investigation, spectrum analysis, which may be said, with but
little exaggeration, to have given tb man a new sense. But great
as is the value of the searching power of this method of analydis,
as applied to terrestrial substances, by which therg have Been
revealed to us four entirely new kinds of matter, the metals
rubidium, ccesium, thallium, and indium, ft is in its application to
the heavehly bodies that this method of regearch has produced the
most remarkable results. This new mode:of investigation is pecu-
liarly adapted to the needs of the astronomer, since the only requisite
is light; and it matters not how great the distance that light has
come, nor how long it has been upon its way; the spectroscope
places within his reach certain knowledge on many points on which
before all we could hope for was a mere probability o§ conjecture.
The chemical nature, the physical constitution, and, within certain
limits, the temperature, and the density, and the motion of the line
of sight of the most distant parts of the visiBlle universe can now
be investigated jn the observatory; and in respect of some of the
heavenly bodies, considerable information has been obtained on
these points,
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Before describing the results optained when spectrum analysis
fs applied to the heavenly bodies, I would rccall to your rgcol-
lection, in as few words as possible, the principles of this method
of analysis, as explaired in this room last week. The prism, or
the spectroscope, enables us to see, in succession, and so to dis-
criminate the different kinds of light which may exist together in
the radiations of a luminous body, and which without the inter-
vention of the prism would fall simultaneously upon the eye, and
so be lost in a common impression. These different kinds of
light, existing together in the rydiation of a luminous body, when
they are thus separated Ly the prism, so that the eye can discrimi-
nate them, form the spectrum of that light.  All the different kinds
of spectra which are observed fram différent luminous bodies may
be very conveniently arranged in three classes. I shall now exhibit
to You a spectrum representing each one of these three classes ; but
before exhibiting upon the screén the first spectrum, I wish to show
upon the screen the luminous source from which the light has come.
That is of importance. In this case the luminous source will be
two pieces ¥f carbon rendered incandescent by means of clec-
tricity. Part of the electricity is converted into heat by the
redistance of the«aarbon. The carbon is not burning ; it is merely
rendered white hot. We now see upon the screen the images of two
small pieces of carbon rendered white hot by the electric current. At
the present time there are upon that screen all the gorgeous colours
of the rainbow, but you cannot see them. Why? Because they
all fall together exactly upon the same spot ; they all enter the eye
tagether; and the impression that we reccive is that of all the
coleurs together at the same moment, and such a compound
impression we call “white” Now the same light which is falling
upon that screen will be thrown upon this screen after having
passed through two prisms. You there sec this beautiful object,
and you would see it much better if we could have the room darker.
[The gas was lowered still further and the beautiful effect of the
colours thereby heightened.] There are not more colours on this
screen than on the other; the offly difference is that the prism has
separated the colours, so that they fall on different parts of the
screen, and the eye can view them in succession, thus discrimi-
nating the different kinds of light. You perceive that in that
spectrim the colaurs ar¢ complete from the red to the blue, and
it is therefore calledba “continuous spectrum,” and such 4 spectrum
indicates that the light is derived from incandescent solid or liquid
bodie§, as you saw was the case when the source of the light was
thrown on the other scrcen. We will now throw upon the other
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screen the same points of carbon as before, but before allowing the
clecwicity to pass through them, we wijll place a small quantity of
chloride of lithium on one of them, and you pow see that the points
can be separated, because the chloride of ljthium is decomposed,
and the Lthium volatilised, and you huve a beautiful arc of red
luminous vapour between the two points.© The lithum is not
burning ; it 1s simply converted into vapour, and the vapour be-
come so hot as to be luminous In this case nearly the whole ot
the light comes from the luminous vapour. There will now be
thrown upon the other screen the spectrum of this light from the
luminous vapour of lithium, and you will see that we shall have
an entircly different form of spectrum. There will be a little of
the continuous spectrum that yow saw betore, because the carbon
points are also prescnt, and though less intensely luminous, still
they are adding a certain : mount of light. You sce that nearly
the whole of the light now consists of three bright bands, two in
the red, onc in the green, and one in the extreme blue. These
colours represent the light which together entered the eye from
the red vapour that was seen upon the other screen.  In this case
the spectrum is not continuous; the colours are separated ; and
when we have such a spectrum it is called a spectrumn of bright lind,
because the width of the coloured bands depends upon the narrow-
ness of the slit in the apparatus. With the best arrangewments the
brightlineswould be stillnarrower. Whenwehavesuch a spectrum of
bright lines, we know that the source of the light is luminous vapour
or gas. As you were informed last weck, each terrestrial substance
gives a set of these bright lines peculiar to itself ; so that when we
see these particular lines upon the screen, we know for cerfain
that the source of the light is the incandescent vapour of this metal
lithium. In this way, when certain bright lines are seen in the
spectra of #he heavenly bodies, if these bright lines coincide with the
set of bright lines given out by any terrestrial substance, we then know
that this terrestrial substance is really present in those distant
bodies. The third class of spectra are spectra which have been modi-
fied, or altered and changed, in some respect, on their wayto us. The
light at its origin would be from an incandescent solid, and would
give continuous light ; but the light on its way to ug has passed
through a certain vapour, say sodium, and that vapour stops vut a
certain portion of the light, and the part of the light which it stops
out is of a particular colour, is precisely of the same part of the spec-
trum which sodium would emit if sufficiently heated. To show this,
there will be thrown upon the screen the continuous spectrum of the
carbon points; and Professor Roscoe willkindly convert a small piece
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of sodium into vapour, and cause tt.e vapour of the sodiumn to come
upon the screen, and the result will be a black line where the®yel-
low point would have Yeen if the luminous vapour of sodium had
been employed. The ‘spectrum containing these dark lines shows
that the light has been modified on its way to us, and has suffered
absorption by passing through a certain vapour. As this dark line
corresponds 1n position to the bright line from sodium, it is easy,
by comparing the set of dark lines as seen in the spectrum of the
sun or stars with the set of bright lines given out by any terrestrial
substance, to determine whether that substance is one of the
vapours or gases through whhich the light has passed. If the dark
lines coincide with the bright lines, we then know that the absorb-
ing gas is the vapour of the terrestrial substance which we have
under examination.  Kirchhoff applied this investigation to the
sun ; and he gave us the first certain knowledge of the constitution
of that body, showing that it consists of matter similar to that
which exists upon the earth, and that at so high a temperature that
such metals as iron, nickel, magnesium, and zinc exist there in a
state of gasMr vapour.

«'his was the state of this newly-born science of Spectroscopy
when in 1861, in ‘conjunction with my late distinguished friend,
Dr. William Allen Miller, I endeavoured to extend this analysis to
the other heavenly bodies. And here some formidable difficulties
presented themselves.  Though the stars appear to shine very
brightly in the sky, yet the amount of light which enters the eye
fiom a star is exceedingly smafl. It was therefore necessary by
sd"nle means to increase the amount of light which enters the eye
from the stars, This was accomplished by the use of a large
telescope, so that the whole of the light which falls upon the
object-glass, 8 inches in diameter, is gathered up and copcentrated
into a bright point, and is thus enabled to enter into the eye. 1t
may be well to state that a telescope has not the same light-
gathering power, in respect of an object of sensible size, as a
nebula or planet, because the image of the nebula or planet is as
much larger than the iinage formed by the unarmed eye, as the
instrument gathers more light ; but as stars remain in the telescope
as minute puints of light, 1t is possible, by means of a large mirror
or a large lens, to increase their brightness many thousand times.

Another difficulty presented itself in the apparent motion of
the sheavenly bodies. When we look up to the sky, the stars
appesr to be standing still ; but it is for the same reason that the
hands of a watch appear to be stationary. A few seconds suffice
to show that the hands of the watch have moved; and a few
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mindtes will be sufficient to show to any careful observer who has
taken the precaution to notice the particulap direction of a star to
a fixed object—as the edge of a wall or the, point of a steeple—
that the stars also move rapidly from eust to west. This motion
is not real but apparent, and it arises from the rotation of the
earth, which is sweeping us round towards the east, and thus
causing the stars to appear to move towards the west. Hence it
is obvious that if the telescope be fixed to an axis, and the axis
be placed parallel to the axis of jthe rotation of the earth, and
then that this axis be made to move round by a clock motion with
a speed exactly the same as that with Fhich ‘the axis of the earth
turns, that the telescope will be moved towards the west with the
same speed with which the earth is moving towards the east ; and
in this way a star may be made to appear stationary in the &®le-
scope for hours together. '

There will now be thrown upon the screen a view of the in-
terior of my observatory. There you see the telescope ; here is
the axis parallel to the rotation of the axis of the earth; and
there the clock motion by which the telescope is moved. Those
wires are connected with a powerful conducting coil, and #his
again with batteries, for the purpose of obtaining a sufficiently
high heating power for converting metals into vapour; and
thus the bright lines produced by the vapours of iron, nickel,
&c., could be directly compared with the lines as seen in the
stars. The most convenient way of converting these metals
into vapour is by the apparatus I have here—an inductjon
coil. Between one of the poles is plgced soine lithium,e and
between the other some of the metal thallium. I will cause the
sparks to pass, and you will see that they are beautifully green.
1t is greén because a portion of the metal thallium has been con-
verted into vapour ; the light emitted is frém the vapour of thallium.
I have here another, which is arranged with a portion of lithium
between, and in that case the light is red, that being the colour
of the vapour of lithium. [Thése and all the preceding and sub-
sequent experiments, superintended by Professor Roscoe, were
very successful, and it was often impossible to suppress the ap-
plause of the audience.]

In the picture of my observatory, still on the screen, you see
the observing chair, whence the observer,»by touching a small
button, could at any moment, by means of the apparatus, bring
into view with the spectrum of a star the spectrum of iron,
magnesium, or any other terrestrial substance, and see the two
simultaneously side by side. In this way it was easy to determine
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with accuracy whether a group of bright lines as are produced by
magnesium were coirt:ident or not with a similar set of bright or
dark lines as scen in the spectrum of the heavenly bodies,

When we look up to theheavens on successive nightswe do not fail
to observe that some two or three of the Drighter stars are found to
be moving amongst the vast host of stars  Such stars were noticed
Ly the ancients, and were called by them “wandering stars.”  We
have adopted the term, and call them “planets;” and we now know
that together with the earth they revolve about the sun, and shine
only as they reflect his light.  The spectrum, therefore, of a planet
or of the moen would be the same as that of the sun; it would,
indeed, be a spectrum of solar light reflected from a planet or from
the moon. Therefore all the information we could expect to obtam
by examining the spectrum of the moon or of a planet would be the
modification or alteration which had been produced in the solar
light by the absorption of atmospheres whicl might exist about
those bodies.  Now the atmosphcre of a planct is capable of pro-
ducing suclamn absorption. We have certain evidence of this in
the effect produced upon the solar light by the atmosphere of the
eafth. You now ee upon the screen a spectrum showing a number
of dark lines, which are added to the solar spectrum Dby the
absorbent action of our atmospherc. When the sun is near the
horizon, so that his light passes through a greater extent of the
earth’s atmosphcre, and especially through the vapour near the
earth’s surface, we get these additional dark lines; Lut as the sun
riezs higher in the heavens, these lines become fainter and fainter,
untif at last they nearly disappear.

There will now be thrown upon the screen, in succession,
telescopic views of two or three of the plarcts. You have now
upon the screen an appearanceof Jupiter, as scenin a large telescope.
There you see those strange belts across, which may be masses of
clouds, deperdent upon fixed currents of air similar to our trade
winds. When the spectrum of Jypiter was viewed I saw three or
four strong lines, one of them coincident with a strong line pro-
duced by the earth’s atmosphere, showing that this planet has an
atmosphere gmilar to that of the earth, but not identical with it.

There you have the telescopic appearance of the planet Mars.
Here again we have great similarity to the earth. You see that
white spot at the top of the diagram. We have certain evidence
that that is an accumulation of ice, because it is seen to diminish
and i Increase as that portion of Mars is more or less illuminated
by the sug’’ The spectrum of Mars shows also that this planet
has an atmosphere similar to that of the earth.
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. There is now thrown upon the screen a few of the most beau
tiful of all the planets—Saturn—with its ripgs. This planet also
gives lines, and similar lines are noticed in the rings of the planet,
so that it is obvious that both the ball und $he ring are surrounded
with an atmosphere.

We must now pass from these near bodies, the moon and the
planets, into the remoteness of space, to the true stars, which are
self lJuminous bodics, and which are so far off that we are quite
nnable to form a proper conceptiop of the distance which separates
them from us. Sir John Herschel has suggested the following
illustration of the size of the solar system:—1f you place a globe, two
feet in diameter, in the cefitre of.a large plain, to represeut the sun,
then the earth could be represented by a pea placed at a distance
of 215 feet from it, Jupiter by an orange placed at a distance & a
quarter of a mile ; and Neptune, the most distant of the planets,
by a plum at a distance of a mile and a quarter.  But Sirius, une
of the brightest of the stars, would, upon the same scale, have to be
removed to a distance of forty thousand miles, or five times the
diameter of the earth. So that the earth is not onedifth part big
enough to hold even a model to represent the distance of the stars,
on a scale the same as that on which the carth itself would be
represented by a pea.  And yet the power of #his new method of |
analysis can bridge this enormous gulf of space, and we can
analyse these distant bodies with almost as Ereat a cerlainty as we
can the vapour of any metal on the laboratory table.

There will now be thrown upon the scrcen the spectra of tyo
stars which we examined with very great care, the stars Aldehgran
and Betelgeux now visible in the south-east. The spectra resemble
in general character the solar spectrum. You observe a number
of dark 1mes, which are not the same in both spectra. They are
grouped differently, and underneath each spectrum you will see a
number of white bright lines. Those white lines represent the
bright lines of the terrestrial substances which I compared directly
with the spectra of the stars by tht method which 1 have described ;
and in the case of many of the metals complete coincidence was
established. For example, in the case of this double line of
sodium. Sodium gives a double bright line ; and tBere was seen
to be a double dark line in the spectrum of that star coincident
exactly with the double bright line of sodiums So again the triple
green line of magnesiuin was found to coincide, linc for line, with
the triple dark line in these two stars Five bright lines of iron
were found coincident with the same number of dark lines. The
lines of hydrogen in one of the stars were found coincident with
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two dark lines in ore of the stars. In this way the presence of
seven or eight terrestrial substances were ascertained to exist in
these distant bodies.  We thus learn that the stars have a commu-
nity of matter with tle earth; that the matter of which they are
composed is of the same order as that of the earth; thatit is sub-
jected to the same force—the force of heat; and that it emits
light in the same way as terrestrial substances. It should not be
{orgotten that before these investigations we had no certain know-
sedge of the true nature of the stars; it was merely as a matter of
analogy that they had come to be considered as suns similar to our
own sun. In this way some fifty of the stars were examined, and
they were found to differ one frqm therother, but were all formed
upon the same type; all contained some terrestrial substances,
but apparently in different proportions ; and containing, it may be,
many other new bodies. Marfy of these lines which are not found
to be coincident with terrestrial lines may be indicative of some
forms of matter entirely new to us; but at present it is impos-
sible to recognise these substances so as to know what they are. .
It may be Worthy of remark, that the elements which are esseg-
tia) to life, as we know it upon the earth, and which would be most
easilyrecognisedinthe spectroscope—such as hydrogen, magnesium,
iron, and sodium—gthese were, with possibly one or two exceptions,
"found to be present in the spectra of all the stars which we
examined. Now, maay of the stars are seen to differ very greatly
in colour, and especially is thjs the case when the telescope is
employed. Many stars which to the naked eye appear single,
when the telescope is directed to them are seen to be composed
of two stars, beautifully contrasted in colour. There is now
thrown upon the screen, and I hope visible to the greater part of
the audience, the appearance which the stur Beta in ¢he Swan
exhibits when viewed through a large telescope. The orange
star has a very beautiful bluish purple companion. Now, it
seemed probable that as the spectra of the stars are crossed by
these dark bands, that if they were found to exist in groups and
were not scattered evenly over the whole spectrum, but crowded
together in some places more than others, then those parts of the
spectrum where the strongest lines occurred, or where the lineg
were most numerous, would become dim, and these colours would
be darkened relativgly to the parts of the spéctrum where few
lines occur; and hence these latter colours would tinge the;
stars with .their own tints. And this speculation was found $o
" agree with observation. We now throw upon the screen the
spectra of the two stars which you haye just seen. The dark
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lines, you will observe, occur for the most§part in the blue and
red ends of the spectrum, leaving the orghge part of the light
almost undimmed; hence the orange light predominates in the
star, and the star instead of being vhitd becomes tinged with
orange. In the lower spectrum a number of absorbent lines
occur across the orange part of the spectrum; hence the red and
the blue predominate; and the result is that beautiful bluish
purple colour which you saw upon the screen. I will give one
more illustration. The brightest of the two stars forming Alpha
in the constellation Hercules is a double star, and the brighter of
the two component colours has an orange tint. In this exceed-
ingly beautiful spectrum gou sce that tie orange part is com-
paratively free from dark lines of ‘absorption ; thercfore that colour
predominates in the light of the star. .

A phenomenon observed among &he stars of great mtcrest is the
periodical waxing and waning of their light. Many of the sturs
have shorter or longcr periods, through which their light increases
or diminishes. This phenomenon, which has been studied with
great success by your distinguished townsman, Mr. Baxendell, is
one upon which spectrum analysis will probably fhrow much light.
Up to the present time we have not gained much information ; 3
but T will throw upon the screen the spectrum of one of the vari-
able stars, representing an appearance which is seen in many of
these ob;ccts ‘The spectrum now npon thes screen is that of the
star named by the Greck letter # in the constellation of the
Whale. It is not known at present whether these variable stargs
are rclated to a phenomenon of very rare occunence—namgly,
the sudden outburst in the sky of bright stars. Such a pheno-
menon has been seen occasionally, but it is only a few generations
of m:mkmd who are fortunate enough to be witnesses of this rare
sight. Most fortunately a graad example of this class of stars
burst into sudden splendow in the year 1866. I think it is pro-
babie that these are not new stars, but that they are small stars
which have burst into sudden splandour ; and though their splen-
dour has been temporary, and has soon dwindled down into
insignificance, it is probable that they have not become entirely
extinguished, but still exist in the sky, and perhaps at%ome future
period they may again burst forth into unwonted splendour.

In 1866suchastarshoneout with great brilliangy—a star, I believe,
of the first magnitude, in the constellation of the Northern Crown.
It was first observed by Mr. Birmingham, in Ireland. He kindly
wrote to me, and I was enabled to examine its spectrum before it
had much diminished, The spectrum of that star is now thrown



210

upon thescreen. I think, withoutawordfrommyself, youwill see that
the spectrum presenis one peculiarity entirely different from the
spectra you have already seen. In addition to the continuous
spectrum and the darkelines, you see that there is a group of bright
lines. Now this shows that the light which comes to us from this
star has had a double origin ; that part of it has come from an
incandescent solid, and has passed through absorbent vapours, just
as the light of the stars and sun : but that, in addition to this light,
there is a light that has come to us directly from some luminous
gas, and which forms the spectrum of bright lines. I found by direct
comparison that two of these bright lines, and probably a third,
coincided exactly with the bright lmes.,of hydrogen and we there-
fore know that this star must have been surrounded by an
ateaosphere of hydrogen so intensely hot as to be luminous. This
phenomenon becomes of more interest from the results of recent
observations, to which ¥ shall presently refer. We now know that
the sun is surrounded by luminous hydrogen, that the red
prominencgs seen in a total cclipse of the sun consist for the
most part of this intensely hcated hydrogen ; therefore, bright lines
similar to these are always present in the solar spectrum, bat we
do not see them. Why? Because the luminous hydrogen round
the sun is very fhint as compared with the great intensity of the
photosphere, or that part of the sun which gives a white light.
Consequently, all these lines can do is to render rather less dark
the lincs of the sun which coincide in position with them. But
when we look at that part of the sun where there is no bright pho-
tosphere to overpower the hydrogen—as, for instance, the dark part
of the solar spots—then these bright lines become visible. Hence
we learn that in this star the atmosphere of hydrogen ‘must have
had a very great intensity relatively to the bnghtness of the
photosphere.  And there have sinee been discovered tio or three
other stars in which this state of things appears to be permanent,
at least of no very temporary character. In what way this
atmosphere of intenscly heated hydrogen has got round these stars
we do not know— whether it was an outburst from the centre of
the star, which we must supposc is hotter than the surface—
whether it Gvas thus a mass of much hotter hydrogen burst from
the sun, or whether, which is far less probable, in some way a
combystion had been set up, and in this way the hydrogen become
heated, we cannot say
Now we will leave the stars for some other objects seen in the
heavens—objects less familiar to you, because they are not to be
» seen Dy the common gaze, but a telescope is necessary to discover
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them. When a telescope is directed to the *:y there are seen to
be amongst the stars a number of patcheg¥of luminous matter,
faintly shining clouds, with small wisps of light, sometimes of
fantastic forms. These have great inter st #r ws, because they are
not similar to any parts of the solar system ; and, therefore, {rom
analogy we have no clue to thew nature.  What are they? ~Are
they great comipanies of suns so distant that their individuality is
lost in the common blaze?  Or are they portions of the original
and unformed material of the universe?  Are they some of the
bricks and mortar out of which the heavens and the carth have
been made? low much light could be thrown upon these bodies
if only we could cxaminestheir spectra.  This has been accom-
plished. In 1864 I was successfill in cxamining the spectrum of
one of these objects. I have now thrown upon the scrgen the
telescopic appearance of one of tlese objects.  You have there
a very good representation of the appearance presented by the
nebula called the “dumb Dbell ncbuly,” as it appeared in the
telescopc of Lord Rosse. There will now be thrown upon the
screen the appearance presented when the light of one of these
objects was analysed by the prism. You sce now some-
thing perfectly unlike the spectrum of a star—no continuous
spectrum from red to Dblue, with a number of dark lines;
but in place of that three brilliant lines in the middle of
the spectrum, a green line and then two knes further towards
the blue. This showed at once that the nebula was not a group
of suns, was not made up of stars, but that it was a mass
of luminous gas. The next thing was to examine the position, o
these lines, and the result of that examination will be shown in the
next diagram. One of these bright lines was found to be coincident
with the L}tight(:St lines of the gas hydrogen ; another line, the
brightest of the three, was found to be coincident with the brightest
lines of the gas nitrogen ; tne third line was not coincident with
any substance which was compared with it, though it was very
near the bright line of thallium. #We thus learn that these nchule
consist for the most part of two gases, hydrogen and nitrogen ;
and that these are so hot as to emit light—to be luminous. If you
ask how it was there was only one linc of each gas—siree hydrogen
and nitrogen give spectra of several lines—we cannot answer that
question with certainty. I may state, however, that I found that
when the light of hydrogen and nitrogen was diminished in any
way by moving thte spark from the gas to a_greater distance from
the slit, or by the interposition of a neutral tint gas, then all the
bright lines of these gases became extinguished, with the exception
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of just one line; anil the one line in each gas which remained was
precisely the one lin€jcoincident respectively with two of the lines
of the spectrum of this nebula.

I will now call syout: attention to that nebula which we have
upon the screen. This is a very remarkable one, as it shows that
wonderful spiral structure which is so characteristic of some of
these bodics, a sort of double spiral. In the spectrum of this
object I was enabled to detect a fourth line, and that fourth line—
which extends further into the bluc part of the spectrum—is
probably coincident with anotler of the lines of hydrogen.

You have now upon the screen one of the most interesting of
the nebule—the Ring nebula in the constellation of Lyra. This
nebula looks very much like an oval bird’s nest. I found that the
fatat light in the interior of the Ring gave the same spectrum as
the brighter portions of the margin of the object.

There is another of these remarkable objects. That gave also a
spectrum of three bright lines. Here you have another resembling
very much the planet Saturn, scen edgeways ; that gave also threc
bright lin These are given as illustrations of the various forms
pr-esentedegy the nebule.

It was interesting to observe the spectrum of the nebule which
had been resolved by the telescope into discrete points of light;
and in this case it was found that the spectrum was continuous.
There are some few ncbule which have not been resdived
by the telescope, but which have given a continuous spectrum.
One of these is now upon the screen—the great nebula in
Andromeda. This may be seen as a small cometary object with the
naked eye. 1t is favourably situated for observation now at ten
o'clock at night, if you look exactly in the zenith, just south of
two small stars. This gives a continuous spectrum, and upon
comparing the results of some sixty or seventy of tese bodies
with telescopic observations on the same nebula by the late Lord
Rosse, it was found that as a rule the nebule which had been
resolved by the telescope gava a continuous spectrum, while the
nebule which had not been resolved by the telescope -gave a
gaseous spectrum.

We must now pass again to another order of the heavenly
bodies, objects which appear suddenly, possess strange and
rapidly changing forms, and which in all ages and amongst all
peoples have been regarded as signs and portents of war and
common calamities,. Up to the present time, only five comets
have been examined with the spectroscope. In x861, I was



213

enabled to observe a telescopic comet In J:is way, and I found
that the nucleus was distinct from the light o the sun ; that it was
not merely reflected solar light, but gave one or more bright lines.
In 1868, a more complete examination of ofle or two comets could
be made ; these comets, however, were telescopic, invisible to the
naked eye. The appearance presented by one of these in the
tclescope will now be torown upon the screen.  The slit of the
spectroscope was placed across the head of the comet, so as to
examing the lightof the nucleus. The central part of the headiscalled
the “nucleus;” around it is the “coma,” or hair of the comet; and
behind is its “tail,” always in a direction turned from the sun.
There will now be thrown® upon,the screen the spectrum of this
comet, and also the spectrum of anothér comet observed about
the same time. This was the periodical comet of Brorsen, utd .
the other was a small comct discotercd by Dr. Winnecke. The
spectra of both are similar.  Both consist of three shaded bands
of light, but the positions of the bands are not identical in the two
comets. This was the light from the head of the comet. The
tail of the comet gave apparently a continuous spectrum, and may
have been merely reflected solar light.  Now, pn the evening I
made that obsecrvation, I suspected that the spectrum resembled
very closely the spectrum of carbon, as I had observed it some
twagor three ycars before.  The next cvening I compared directly
the spectrum ot carbon with the spectrum® of this comet. The
spectrum of carbon is represented jn the two upper spectra.  Both
these are identical as regards the green bands ; they differ only jn
one point, namely, in one of the spectra the bands of light cag #Je
resolved into distinct lines; in the other ‘spectra the light fades
gradually. Now in the light of the comet no such lines were seen-
and whems the electric spark is taken in a gas containing carbon—
olefiant gas for example,—such a spectrum is obtained. On the
second evening, therefore, I made some olefiant gas, and fitted up
an apparatus so that I could take the electric spark in this gas,
and that light was rcflected into® the spectroscope when fixed to
the end of the telescope ; and in this way I could see at the same
moment the spegtrum of the comet and of the olefiant gas, and the
appearance presented was exactly tie same as you Rave it on the
diagram. You will sece that the bands of the second spectrum
coincide exactly in position with the bands in, the spectrum of the
comet ; they begin and end at the same part, and the coincidence
in every respect scems to be complete between the light of that
comct and the light obtained by passing a spark in olefiant gas.
It secms almost certain that this spectrum is that of carbon,
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because a similar gectrum is obtained when a gas is viewed in
which no hydrogen'N's present. Now the obvious conclusion
would be that this corpet consisted of luminous vapour of carbon.
This, however, is an exceedingly difficult supposition. There
are many reasons why we can hardly conceive such to be the case,
unless carbon exists there in some other form or allotropic state
to that in which we know it upon the earth.

In the next diagram you have the appearance presented when
the head of the large comet of, 1858 was viewed in the telescope.
And this is of great interest in connection with the point upon which
I am now spLaLm" That is the head of the great comet of 18538.
It shows an exceedingly bright.envelope, then a dark envelope,
then a bright one, and then comes the tail ; and the modus operandi
s®ms to be that as the comet approaches the sun, the nucleus
throws out a certain amount bf luminous matter, which becomes
dark and then luminous again, and then forms the tail. It may
be that if the nucleus is self luminous that it throws out some
luminous gas; then that it becomes so far cool that it cannot emit
light, but %ill being gas it reflects but little Light, and when it gets
fusther from the mucleus it becomes condcensed, and then as solid
partiéles it is capable of reflecting light. The whole question of
comets is one upon which no doubt great light will be thrown
when a brilliant comet can be examined in the spectroscope. #

I have now #o pdss for a few moments to an application of
spectrum analysis in an entirely new direction. I stated that it
was possible by means of this method of analysis to determine the
morion of a luminous object in the line of sight; that it was pos-
sible by. spectrum analysis to tell whether a star was coming
towards the earth, or going from the earth ; and also of determining
approximately the velocity with which stars approachs or recede
from the earth. The importance of obtaining information upon
thi®point will be obvious, when it is remembered that the so-called
“proper motion of the stars” relates to that part of their true
motion only which is at right angles with or transverse to the line
of sight; because any motien that a*star has i the line of sight
directly towards the earth or from the earth woWld not cause any
visible displ'at.ement in a star relatively to the stars near it; and
therefore 1t could not be detected by the ordmary method of
obseryation. '

Now, I wish to endcavour to explain to you, in a few words, in
what way it is that by spectrum analysis we may be able to deter
. mine the approach or recession of a lpminous body. You all know,
“J think, that the colour of light depends.upon the number of vibra
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tions or impulses which reach the retina ofﬂe eye in a given time ;
just as the pitch of a note depends upon number of pulsations
of air which reach the ear in a given time. It is, therefore, obvious
that if by any circumstance we can increas the number of impulses
which fall upon the eye in a given tume, say a second, then that
light will no longer appear of the same colour. It is further
obvious, that if a luminous body is coming near to us, or we are
going towards it, that a greater number of these impulses will enter
the eye in a second of time than would be the case, if the lurninous
body and the obscrver were at rest relatively to each other.  Just
in the same way a swimmer striking out from the shore will pass
through a greater numbér of waves in a given time than would
wash upon his fect if he stood upon the shore; and each wave
appears to him shorter, because he is passing through them, ins®ad
of allowing them merely to pass dver his feet. Or if you imagine
soldiers marching in single file, and that the distance between any
two of the soldicrs would represent the length of a wave of light, then
it is obvious that if you are meeting the soldiers by walking in an
opposite direction, you will pass a greater number of soldicrs in a
minute than you would do if you stood still gnd merely allowed
them to pass you. Now, the velocity of light is so enormous that
it is not possible for me to give you any experimental illustration
ofgthe change of colour produced in this way by the 1notion of a
luminous body. If I could make a lumiifous body move at the
rate of 20 mules, not in a minutg, but in a second, that would be
almost rest—it would be merely like a little snail crawling along a
bank when the express train passes by—compared with the vebocity
of light. Even if I could make a luminous body move with a
velocity of 120 miles in a sccond, the change of colour would be
so exceedingly minute that it could nat be seen by the eye;
and it could only be detectec in the spectroscope by showing that
the light had shifted its position a little. It was the Gérman
physicist, Dopler, who, in 1841, first suggested that a change of
colour might be produced in®light in this way; he also sug-
gested that a change of pitch or tone could be produced in sound
in an analagous way. I dare say every one in, this room is
familiar—at least all those who have musical earsy which in the
. North of England means everybody—I suppose all of you will
- have noticed the change of pitch which occurs in a railway whistle.
If you are standing in a railway station when an express train is
approaching, the tone of the whistle will be very different after the
train has past you, to what it was when approaching. I have here
an apparatus by which I will endeavour to make this fact audible.
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I can only hope the l,iiﬂ‘erence of pitch will be heard by those
whose ears have been kultivated by musical education to discrimi-
nate minute differences of tone. I have at the top of this long
rod an organ reed, whith is connected by a tube with an air bag
below, and when this air is allowed to pass through the tube, the
reed will sound. While the reed is sounding I shall move this
rod rapidly towards you and then as suddenly backwards, and I
think you will notice that during the fraction of a sccond that it is
approaching you the pitch of the reed will be higher ; while during
the fraction of a second that the rced is coming from you the tone
of the reed will be lower. I hope the difference of tone is per-
ceived. [The experiment was quite sucéessful.] Nevertheless, it
is true that, notwithstanding this, the colour of a star would not be
altes2d though the star might be approaching or receding from us
with great rapidity. Why? For this rcason. The light of a star
which we can perceive is not all the light that there is; that is to
say, the stars send us impulses of force which the eye cannot per-
ceive, because these impulses succeed each other too slowly, like
sounds whicjy are too bass for the ear to hear; and the stars also .
senq, us other waves of light of which the impulses succeed cach
other so rapidly thdt they are like sounds which are too shrill for
the car to catch. Andif that part of the impulses from a star’s light
which the eye can perceive were moved either upwards or down-
wards in the spectrpm, that is, towards the blue or towards the red,
by the approach or recession of a, star, then these invisible waves
would be at the same time degraded or cxalted into visibility, and
woulld take the place of the light which had been shifted either up-
wards or downwards. Hence no change of colour would occur in
the light of the star until the whole of these waves had been
exalted or degraded into visibility, which would require a welocity
far greater than could be conceived to take place in a star. In
order, therefore, to apply this method of illustration to the stars,
it was necessary that we should be able to pick out some one part
of the star’s light, and then be able to recognise that particular part
of the star’s light again in its_altered position in the spectrum.
Therefore it was not sufficient that we should be able to pick it
out by its colear, because how should we know it again when
it had changed. its colour? But by means of spectrum
analysis it can be doge. We see in the spectrum of a star a
bright line which we know to be coincident with the line in some
terrestrial Substance, say the line of hydrogen; then when once
we find out that that line belongs to hydrogen, if it altered in the
star, we can see exactly how much it has altered by comparing it



217

with the bright line of terrestrial hydroge§ The star which I
found most suited to this method of investigation was the bright
star Sirius. There will now be thrown upon the screen a repre-
sentation of the spectrum of the star Sirifis. I will explain the
diagram. [There was first shown upon the screen a diagram of a
part of the heavens, by Mr. Proctor, with the proper motion of
each star marked with an arrow.] To each star is placed a small
arrow, and the arrows represent the direction of the proper motion
of these stars relatively 1o the motjon of the carth.  You will see
that they arc all up and down, in different directions. Now, if
all thesc motions merely arose from the proper motion of the
sun in space, then all thédbe proper motions of the stars would
be in one direction; but you see they are in different dirce-
tions. This shows the grcat importance of obtaining infonRa-
tion of that part of their motiorr which is either towards or
from the earth. I will now pass to the star Sirius, upon
which the cxperiment was made. This star is remarkable for
having in its spectrum three very strong lines, which have
been found to be coincident with hydrogen—one in the blue,
one in the green, and one in the red. It is, necessary to sy
how it is that one knows that these lines are coincident with
hydrogen. These lines were compared directly with the bright
lines of hydrogen; and, in a spectroscope of considerable power,
these lines appeared to be exactly coincident with the lines of
hydrogen. But when a very powegful spectroscope was obtained,
it was found that this green line, which was the only one whicj
was bright enough to allow examination to be made, that ghis
bright line was not absolutely coincident with the line of hydrogen,
the probability thercfore was that it had been slowly moved by the
motion ofsthe star. In the next view we shall have the com-
parison of this line with the lire of hydrogen. Now you see that
this bright line in Sirius s not exactly in the position of the one
in the solar spectrum and in the spectrum of hydrogen. Then
it might be said that this broader line had expanded in one
direction rather than in the other, and that this was no proof that
the line had actually been displaced by the movement of the stars.
Now you will sce above the upper spectrum a faint faze of light
just in the position of the bright line of rarefied hydrogen, that
represents the appearance which the same lineshas when hydrogen
is subject to a pressure of air around us. The line being broad
in Sirius showed, that the hydrogen there is of rather greater
density than it is in the sun, or than it was in this rarefied
gas. I then made a series of experiments by which I found that
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as this narrow line is Jyonverted into this broad line, by alteration in
pressure of the hydrofen, it ruse symmetrically—that is, equally on
both sides ; therefore we had aright to say that the want of coinci-
dence really indicated that the line of the star had béen sh:fted to a
small degree by the motion gf thestar. The next point, therefore,
was to determine what velocity in the star would be required to
cause this. 1t was found that about 40 milesin a second would be
required. But at that time the earth was moving in its orbit from
the star with a velocity of about 11 miles per second, leaving,
therefore, 29 miles per sccond as indicating the velocity of the
recession of the star. Therc would also have to be deducted
about four miles per second, due to the motion of the sun,
leaving about 25 miles per second as the rate of the recession of
th® star from us. It had been found before, by ordinary
observation, that the motior of a star at right angles to
the line of sight was from 30 to 35 miles per second. The true
motion of a star would therefore be compounded of these two
parts. At present this method has not been applied to any of the
other star@Mor it involves extreme difficulty, a very fine state of
the atmosphere, and powerful instruments. I hope that after a
time we shall be able to apply it to other stars.

I will now just, in conclusion, for a few moments, as I have not
time to go into it properly, show the application of this method to
the visibility of the réd flames about the sun at the time of a
solar eclipse. You have now sipon the scene a representation of
a,solar eclipse, one of the grandest phenomenu of nature. At such
a time wediscover that thesun, as viewed by usonordinary occasions,
is not the whole of that Lody, that there is something more
about the sun than we see.

At the time of an eclipse the moon covers the sun, and at
the time this picture was taken, the mdon appeared a little
larger than the sun, which was overlapped and entirely concealed
but there were visible at the bottom and at the top, large
red flames, consisting of great c6lumns of luminous hydrogen, ex-
tending in one case to a distance of 80,000 miles from the sun.
Now why is it that these appearances can be scen only at the time
of a solar edlipse ? They are not rendered invisible by the glare of
the sun, itself ;' for it would be possible to hold a screen between
the eye and the suw, and so make a sort of temporary eclipse.
They *aré prevented from being seen in consequence of the
impetfect transparency of our atmosphere, for our atmosphere
sgatters a large quantity of the light that comes upon it. You
always notice that the sky is very bright close to the sun. Now
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the light scattered from our atmosphere is gfeater than the light of
thesc appendages of the sun.  Our atmofphere forms a bright
screen, which conceals them; but at ‘the time of a solar
eclipse the light is cut off by the mgon on the other side
of our atmosphere, and no light jalls upon our atmosphere,
which is not illuminated, and tHen it is that these objects
become visible. Mr. Lockyer first published a suggestion
that by spectrum analysi these objects might possibly be exa-
mined ; and the same idea occurred also, quite independently,
about the same time to Mr. Stone, of Greenwich, and to myseclf.
Howevwer, trom various causes, the experiments made at that time
were not successful. TRe principle upon which the conjecture
was based is this—it seemed prdbable, cspecially from the specu-
lations of Mr. Stoney—that these flames consisted of gas.  Now, if
they consisted of gas, thev would give a spectrum of bright lines.
But the light coming to us from our atmosphere was reflccted solar
hight, and we know that solar light consists of all colours ; there-
fore, if weapplied the spectroscope, the prism would spread out
the light from the atmosphere and diminish it perhaps a” hundred-
fold; while if the light of the prominences consisted of bright
lines, it would only separate that light into bright lincs, and ¢hch
line would be perhaps only one-third or one-fourth as bright as
the prominences; while the light of our atmosphere, or what
is the same thing, that part of the light, of the same colour
as the lines of the prominences, wouldJ be reduced perhaps
one hundred fold; and in this way we should dimimsh the
brightness of the interposed air in a much greater degree than
we should diminish the brightness of the ohjects whiche lie
beyondit. This method was applied at the eclipse of 1858 in India,
and it was found during the eclipse that these prominences gave
bright lines. The next day Mr. Janssen applied the spectroscope
to the edge of the sun, and saw the lines of these objects disunctly
in the full glare of the sun. "About a month later Mr. Lockyer,
having a more powerful spectroscope, also succeeded ; and others
when they have looked at the sud with a knowledge of the position
of these lines were able at once to see them. Mr. Lockyer has
since investigated thesc lines with very great success, and it is
tound that at certain times these prominences, these®asses of gas
about the sun, contain other substances besides hydrogen, the va-
pours of substances which we know to be presgnt in the sun, such as
iron, magnesium, and sodium. It was also found that these gases
shoot up at certain times in the form of circular storms, with the
gases whirling around at the same time that they are shooting
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upwards. However, uppto this time the form of these objects had not
been secn directly, onl¥:the bright lines of their spectra, and the
forms of them were inferred by causing the slit to traverse over
these objects, and then, By noticing the different lengths of the line,
as the shit went over the differgnt parts of the prominences, to guess
at the forms of the objects. The diagram represents the bright
lines of these prominences compared with the lines of hydrogen.
Those are the bright lines which are almost always secn in these
masses of gas about the sun, but at certain times other lincs are
also present. I was saying that the form of these objects had not
beenseen.  After several trials I succeeded, by means of a wide slit,
in being able to sce directly the shape uf one of these objects ;
and you now have upon the screen the represcntation of the first
of these objects ever scen directly, excepting at the time of a solar
eclipse. This method of reviewing the formns of these objects has
been applied very successfully abroad by Zollner, in Germany,
and by Respighi, in Italy. You have here a rcpresentation
of these gbjects as seen at intervals of a few months, by
Ziillner, sh®ving how rapidly they change. The first has the
apptarance of a short tree; in a quarter of an hour it had shot
up into a long peak. At the same time that many of these objects
changed thus in a few minutces, others seemed to be very persistent
for some days. The Italian obscrver, Respighi, has mapped these
objects, and placed thém as they appear on successive days under
the other, so as to compare the appearances of these flames at
digerent times. Besides these objects to which I have referred,
at the time of a solar eclipse thereis also seen about the sun
a large mass of light, which has been called the “corona.” And
this apparently consists of two portions, the light immediately
about the sun and those large beams which are sometimes seen
to extend outward in different directions. The question has long
agitated astronomers as to the nature of these appearances. Is
it the result of some luminous atmosphere about the sun—some
atmosphere exterior to the atmosphere of hydrogen? Is it some
meteoric matter revolving round the sun? or is it caused by any-
thing about the moon or in our own atmosphere? The more
observations *have been made upon these objects the more
puzzling the phenomena appear, and the less light seems to be
thrown upon them. During the eclipse in India in 1868 this light
was carefully observed by the polariscope, to show whether the
light was ofiginal or reflected. By this instrument observers were
enabled to show that the light of the corona was not original light,
but that it was -=2ected light, and that it was the sun’s light

Pt~
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reflected from something. But at the tofl eclipse of the sun
which occurred in America last year, a quit{ different account was
given. There it was stated that this light, for the most part at
least, was not reflected, but that it was self-originated light, and
that it gave not a continuous spectrum, but one in which bright
lines appeared. Then again there®is the extraordinary circum-
stance that these outer portions of the corona have not been seen
by different observers in exactly the same position. It is therefore
doubtful how far these outer beams are realitics, or whether they
may not be optical phenomena. The investigation of this coronal
is the great object to be attempted at the approaching eclipse. A
large number of observersare gqing out to Spain and Sicily, where
it will be visible, for the purpose especially of endcavouring to obtain
a knowledge of what the corona is. Our own countrymen, unfortu-
nately, will not be able to take $o0 good a share in this work as
we had hoped. Application was made to the government by the
scientific bodies as far back as June last for a ship and assistance to
go out; butwe received from Mr. Childers a flat refusal to give a ship,
and in consequence great delay has occurred. However, at last
the government have agreed to assist us, and I am happy tcesay
that they have now granted a ship to go to Spain, and a sum of
money not exceeding 42,000 to assist observers to go to Sicily,
and for providing apparatus ; but it will now be scarcely possible
to provide the apparatus, or to organis¢ she expedition as might
have been done at an eurlier time. We*can, without grudge or
envy, I think, share in the deliglt of our American friends who
have been exceedingly energetic in this matter. It seems thatjthey
concluded that we should immediately get the aid from our govern
ment that we asked for, and they applied to their government,
and at gnce a vote of 46,000 was made to send a thoroughly
equipped expedition all across the Atlantic, in order to observe
the eclipse in Spain and Sicily. I recently had the pleasure of
meeting several of thesc American astronomers. No doubt a
good many of our countrymers will still go out, and.it is not
improbable that from some one you may hear of the results of the
expedition ; and I hope fhat then we shall get some light as to
the true nature of this mysterious corona.
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I THIxK that we who live in Manchester have an cspecial right to
know what coal is. The very fact that Manchester stands where
it is, and the very fact that we are living in a city of over 5oo,000
souls, instead of in a little villajge, is simply owing to the circum-
stﬁnge of coal being found here. Coal is the great centre of our
prosperity, and upon it depends nearly all the success of our
manufacturing enterprise. The political economist will tell you
that upon it the future of England mainly depends. When it is
exhausted, then we shall have to look forward to the cohdition of
things which now obtains in those regions where there is no coal.
That is to say, instead of our being a nation full of manufacturing
and mergantile enterprise; a gregt nation to which all the people
of the earth resort, we shall be merely a people who live for our-
selves by the cultivation of the ground. The duration of our coal
fields, the lemsgth of time for which we have a supply of coal, has
been.ascertained within certain limits, Mr. Hull, an accomplished
geologist, one of the geological surveyors, tells us that in England
at théi;present time,’ we have a stock of coal sufficient for our
consumption for no less than 1,000 years. On the other hand,
Professor Jevons, whose opinion is worthy of the very greatest
weight .on such questions, calculates that 1oo years is about the
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tenure of our coal fields, according to the present rate of the in-
crease in the consumption. Whether we tae the limit of 100 or
1,000 years, the end is perfectly inevitabf. Sooner or later,
whether you take the sooner by the centyiry or the later by ten
centurics, the end ultimately must come when the coal will be
exhausted, when the great mainspring of our commercial enterprise
will be gone, and we shall revert to that condition in which we
were before the coal ficlds were worked. In this point of view,
therefore, coal has a particular interest for us. But this is not the
point of view which I intend to speak upon this evening. If
coal is important in this direction, it is no less important in a
purely scientific point of yiew, apart from any mcrcantile aim or
end.

The physicist will tell you the wondrous story, that the blagk
substance which you burn is simply so much light and heat and
motion borrowed from the sun and invested in the tissues of plants.
He will tell you that when you sit round your firesides, the flame
which enlivens you, and the gas which cnables you to read, and
which civilises you, is nothing in the world but so much sunlight
and so much sun heat bottled up in the tissues of vegetables, ﬁnd
simply reproduced in your grates and gas-burncrs. Very lew
persons, I am afraid, realise this, which is one of the many stories
which science in its higher teachings shows us—one of those fairy
tales which are the result of the most careful gcientific investigation,
I cannot enter into this aspect of the quéstion this evening. My
object is to give you an intelligible®idca of some of the forms of life
which are locked up in the coal; and I wigh to show how the caal
came to be what 1t is, for we cannot in this case take refude in
the answer which Topsy gave, we cannot suppose that it “grew,”
and nothing else. In this quesion of how it came to be what it is,
there are®geological issues of much higher importance than those
which are merely wrapped up in coal, and which bear upon the
structure of our globe, and upon the constitution of the carth in
general. o

Now, to begin at the beginning, we will make our start from the
coal scuttle. Isuppose we all of us know what a lump of coal is.
It is a body more or less hard, and you will find that it is readily
divisible into two very distinct portions. First of all you will find that
the portion of coal which gives the greatest flame is hard, shining,
and brittle ; that is to say, it contains a large’quantity of bitumen.
But besides that there is another part of nearly every piece of coal
which is of a dull black colour and friable, and resolvable more or
less into layers.  That dull portion consists of fossilised wood or
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mineral charcoal; hiw it has taken that form of charcoal I am
going to show you fesently. We may take two species of this
combustible material as the exponents of these twd distinct portions.
First ot all, for the bitaminous, we may take the cannel coal, that
valuable seam at Wigan, as representing the maximum of bitu-
minous matter which occurs in coal. On the other hand we may
take the dull stony looking material—which is becoming more and
more important every day for smelting iron and like purposes—
the anthracite coal, as the exponent of the mincral or charcoal
clement. But although I am ‘speaking of these two classes as if
they were distinct from each other, yet, in fact, we find that the
one shades off into the other without .any perceptible boundary
line between them. For instance, in the Forest of Dcan you will
fied a seam of coal which in its upper portion nearest the surface
is bituminous, that is to say, flame-giving ; while as it goes deeper
it gradually loses these properties and takes the form of the
anthracite.

The chemist will tell you the chemical difference between these
two kind®of coal; and in this diagram I have reprcsented the
relation which the wood, peat, and coal bear to the anthracite.
You will see that {n going down from wood to peat the percentage
ot carbon increases ; and in going from peat to coal the percentage
of carbon increascs, until at anthracite you have the greatest
percentagc of carbon.  The whole difterence between anthracite
coal and ordinary coal consists in this, that the bituminous portion
ot the anthracite has been rethoved in some way; while in the
chse of ordinary coal the hydrogen and oxygen of the bituminous
part still remain.

We will first concentrate our attention upon the bituminous
element. If you take a picce of ordinary coal and reduce it
sufficiently thin to be transparent, you will see the material
out of which it is made. In nine cases out of ten this is
the sort ot thing you will see. Supposing this black board to
represent a slice of coal, these lines which I am drawing upon it
will show what you would see under the microscope. First, you
will notice that the dark material consists of a series of minute .
bodies more«wor less rounded, which lie over and interlace with
one another, and make up the main substance of the coal. But
besides that you will notice other substances more or less round, very
much larger, and reseinbling small bags pressed flat (Figs.1,2). Some
of these"larger rounded bodies which we find in coal are found to
contain these smaller rounded bodies of which the main mass of
bituminous ‘coal consists. Both are made up more or less of
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pure bitumen ; and there can be no doubt ! Figs. rand 2.
that the bituminous nature of coal depends L g

upon the amoumt of matter which 1s fur- §
nished to the coal by either this larger body,
or this smaller rounded body. The ques.ion & 2
therefore for us is—What are these bitu-  Spore-cases of Flemingites
minous bodies? Fortunately, through the &racilis X 5-—CARrUTHERS.
labours, first of Professor Morris and secondly of Mr. Carruthers,
and last, though not least, of Professor Huxley, I am able to tell
you what these bituminous materials consist of.

Professor Morris has demonstrated that these little bodies which
lie inside the others are nqthing more than minute spores or seeds,
and that the larger bodics, which’ I drew upon the board, consist
of the cases in which these spores were contained. TFortunately, .
‘also, Mr. Carruthers has Leen able to show us the sort of fruit
which produced these sporangia, or’seed cascs, and the little spores
which I have drawn upon the board. He has shown us that all
these bodies are derived from a cone of this particular sort (Fig.3):—
First of all you get an axis of woody matter, then you get a
series of leaves running up on each side, and in, between these,
the little spore cases lie crowded together like soldiers in double
file. Each of these little bags
is found to be full of spores;
and so the cone is built up
until the whole resembles more
the form of a fir cone than any
other which is tamiliar, to us.
This form of vegetation has
been termed by Mr. Carruthers
“Flemingites,” after Dr. Fleming.
Now as Mr. Carruthers is able
to trace up these spores intu = =
their spore cases, and into the Section of portion of Cone of Femingites
fruit which produces them, can #vacilis—nat. size—CARRUTHERS,
we not trace them still further Into some analogy with a living
order of vegetation? I think that that is not at all difficult.
There is a certain low form of vegetation which we fipd inhabiting
some of our higher mountains in England, and which we find
spread morc or less throughout ghe world, and that is the form
which we term the “club moss,” The littde club moss which
grows so freely in Scotland and on the Alps bears precisely the
same kind of fruit as that of whigh the coal is made up. I
have in that diagram drawn one of the fruits of the lycopodium,

5
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bf the cone. Each cone in the club moss
gradually rises from a branch until the end
15 terminated as you sce it there. Outside
you finG. a series of scales or leaves, and
inside them and fixed upon each you will find
one of these spore cases or bags full of little
spores. Those little spores 1 have repre-
sented here, and if you compare these with
the spores which Professor Huxley has found
in his bituminous coal, I think you would
be very clever indeed if you could detect
any essenttal diffcrence. There can be no
doubt that the bituminous matter of coal is
derived nearly altogether from the de-
composition of the spores and the sporangia
of fossil vegetables closely allied to the club
moss. And if we.come to examine what
the character of spores of the club moss
is, we can easily understand how the bitu-
Section of Cone of Lycopo- irous material in coal is derived from like

dium Cernuum.—CARS. - ghjects, At the present day, these are so full
of resinous matter that they are used for making fireworks, on the
continent, instead of sulphur, and because they are not readily
affected by water—thef are used by the apothecaries for coating
pills.  Our bituminous coal derives its bitumen from this altered
ﬁ.smous matter, which was first of all stored up in fruits of that
kinY, and afterwards altered by the subterranean heat into bitumen,
thus forming our bituminous or blazing coals.

But this little vegetable is not the only form which we have to deal
with in the coal measures. We have anothex very remarkable form,
closely allied to the club moss—we have the lepidodendron, of
which I will give you a figure presently. Those little spores, of which
I have been speaking, are found not merely in
Flemingites, they are also found in some other
analogous forms. . We find them first of all
in the cone which I have represcnted here

Fig. 5); compare that with the diagram
§P1g 6), and you will find scarcely any ap-
preciable aZ'hﬂ’erence between the forms of
the two cones—the recent lycopodium, or
‘-‘eﬁf;:l ‘:{'em;n °f(gg"° of club moss, and the ancient fossil club moss,
Zrobus) —HoOKRE, lepidodendron. These are (Fig. 6) two of the

J)r club moss (Fig. 4). Here you see a portion

Fig. s.
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spores contained in the spore-case of fig. ¥ which  Fig. 6.
contribute to the formation of bituminous co Can

we not make out something as to the form of vege- @ “
tion by which that particular cone was sapported?

Fortunately we can. On that screen I have repre- g res of Zeps
sented, on the right hand side, two small branches, dostrobus highly
bearuw leaves which are sca.r(.ely separable in kind ™@gmified-Hke
from those of the common club moss; and on the other side
T have represented a large fragment of the trunk with the branches
standing on it, which has beenrfountl near Newecastle, and which is
not less than three feet in diameter, and forty-nine feet high. That
was the stature of the club moss, of the carboniferous period. If
we compare that with the stature of the club moss of the present
day we shall be very much astonished. The great majority §
the living club mosses are nat muc)y longer than your finger, and
the largest of them is not more than six fect high.

If we pass now to the microscopic structure of this wonderful
carboniferous plant, I think we cannot help admiring its
complexity. In this. diagram you sec a microscopic section of
one of these bodies which supported the coal, and which forms
part of the cone. In the interior you will see father an obscure
mass, which consists of a series of vessels; then outside that
there is a layer of vessels which are more compact; then outside
that again there is a layer, which is morg er less broken up, of
what is called * cellular tissue;” outside that again you will find a
layer which corresponds tc the bark of our trees. You will notic
that here and there in taat outer layer there are certain light areas.
Those light areas represent the small spaces in which originally
there were small bundles of fibres leading from the very interior of
that body right away to the outside, to support small leaves,
which more resembled the leaves of our fir trees than any of which
we have knowledge. This is a photograph of a beautiful
drawing which was made by Mr. Binney. In this next section I
show you the real original thing, That is a section which has
been cut so thin that the light passes through it, and you can cee
very much the same arrangement as you saw in the photograph.
You can see the inner mass of vascular fibre, and yowscan see the
next layer of rather thinner cellular material ; and outside you
can see the arrangement of the ark. Unfo,rtunatdy, although
we are able to make out the fruit and the leaves and the stem
of this most wonderful tree, we know nothing of its roots.

But besides this form of vegetation, many others contribute
their substance to the formation of coal. This diagram represenis
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a ulodendron, and ‘mse things that look like scales, and which
have originally givtn support to leaves, are arranged in the
tesselated way which characterises the lycopods, ferns, and the fir
tribe. All we can say s, that it is one of the club moss tribe ; and
those large rounded scars which you see are merely the portions
from which branches have grown. Of this form of vegetation we
know next to nothing. I have brought it before you simply
because it is very beautiful and very characteristic of the coal
measures. .
And now I must pass on to another form of vegetable life to
which the coal owes a large part of its anthracitic or mineral
charcoal character.  This diagram répresents the appearance of
igillaria, so called because each of these little points of light
roughly represents the impression of a seal, and between cach
you will see going more o less straight down a bhright line.
Fach of thesc little points supported a leaf; but the forin of that
leaf we do not know. A grcat number of fossils presenting that
patiern h%:e been found, and the most remarkable of them I
shall repréent to you in the next diagram. There you see a
l&rge trunk. A, trunk of that kind has beep found no less than
seven feet high and fifteen feet in circumference. And this
trunk has been found attachel to a root of a very different pattern.
In that root the little points are arranged in a different way, more like
those of the lepidodendron. So different were these patterns the
one from tlie other, that originally botanists were agreed that this root
of sigillaria, or stigmaria as it was termed, was altogether a different
theng from the trunk which it supports; but fortunately Mr.
Prestwich and Mr. Binney have both proved that this great trunk
really helonged to the stigmarian root. It was composed, very
much like one of our forest trees, of woody fibre. Byt in all the
cases in which we find it in our coal measures in Lancashire and
elsewhere, the woody fibre is gone, and those impressions which
you see are merely the impressions of the bark. Nor need we
wonder that the bark should rtmain while the woody fibre should
perish ; for if we go into any tropical, forest, we shall find that the
woody fibre decays very much faster than the bark; so that the
trunk of a Tallen tree that appears perfectly sound to the eye is
speedily reduced to an empty cylinder of bark. In nine cases out of
ten the woody fibre disappears'in tropical forests in two or three
years, and nothing is left but a shell of bark. That is very much
what has happened in our coal measures. These upright trunks have
originally been reduced to a thin layer of bark; and the hollow
within has been filled with sandstone or shale, or whatever happened
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to be on the top of the layer of coal. In working coal mines ona
great source of danger to the miner arises fijom the fact that the
pillar of stonewhich isconsolidated in the space once occupied by the
hard wood is merely kept up above the seaimr of coal by the cohe-
sion of the fossilised bark. When that thin layer decomposes, down
come these “stools,” as they are termed, and very often cause the
death of the man who is working undemeath them. The fruit of the

sigillaria is unknown. Dr. Hooker has suggested that very possibly
this form of vegetation may have been allied to the tree ferns.  But if
we are uncertain about the top of this tree, we can by no means be
uncertain as regards the roots, which penetrate nearly everywhere
throughout the coal measures, and in certain layers underneath the
coal thcse roots are omnipresent. This is a microscopic section
of a nodule from a layer o coal in which these roots occur, a:de
vou will see on the right hand side one of these rootlets find
their way into nearly all the vegetable organisms which occur in
the coal.

Another kind of plant contributed its tissues and spores largely
to the formation of coal. There are certain bodies with which we
are all more or less familiar, which are known by the namewof
“calamites,” because they resemble more or Idss a reed. Each
is divided into a serics o1 segments, and these segmcnts are
connected together by a series oi lines, and this is what we are
familiar with under the name of “ calamites” It is merely the cast
o the interior of the stem of a,plant. According to Mr. Car-
ruthers, the foliage was arranged in whorls, and the apex of
each branch bore a kind of cone. This calamite. is rlo;sely
allied to the common eguisctum, or “mare’s tail,” which lives in
our marshes. If we compare the frmt of the mgre's tail with
those of %his ancient carboniferous vegetable, the
only difference that we can dctect is one of very
small value. We get in the common mare’stail (Fig.7)
a cone, and on each side of the axis of this cone
a series of leaflets is given off; amd inside each of
these little leaflets, above and below, we get the
sporangium. In the calamite, on the other hand,
we get this difference—we have the same arrange-
ment of the sporangia ; they lie jnside a leaflet of
that kind, but they are covere() over by another
leaflet (Fig. 8). The fact of the fructification of
the calamite being covered by a leaflet is the only seqionofportionof
fact to my mind which separates the fructifica- fruit of Equisetum
tion of the calamite from that of the common ~CARRUTHEES.

Fig. 7.
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mare’s tail of our marshes. If we refer to the
microhcopic texture, on the other hand, we shall
find very considerable differences. In the common
mare’s tail we have no arrangement of woody fibre
of that kind. This is a section of a calamite, and
at the very edge you will see little wedges of woody
fibre radiating from each of those bright points;
while on the side there is a mass of cellular tissue
—that is tissue.made up of cells.  This represents
a young plant, but as it gets older the internal
cellular tissue disappears, and what you get is a
series of woody tvedges which take that particular
%’Ew“ of sart of form.  What you find so common by fossils is

ult of Calumites merely the cast of that cylinder with all the woody
Benneyi) —Cars.  fibre gone.

Besides these forms of vegetation there were many others in
the coal measares, such as pines, which you can scarcely
distinguish yfrom those which are now living. In that sec-
tion I have represented onec of those rare ferns in the coal
measures in which the fruclification—the little spore-cases at
the back of the lcaves—is preserved. That is a very rare case,
and the reason of that I will tell you presently. DBesides these
common sorts, we have evidence that there were tree ferns,
Here you have a pictte which represents the vegetation of the
period when the coal was formed. In those trees in the centre
you see the fossil club moss. In those which rest close to the
water you can gather an idea of the foliage which the calamites
presented, the equiscta of those days. The equisetum of the
present day is seldom more than a foot high; in the coal
measures it is more than twenty feet high. Theres.yéu see the
lepidodenrdon and the pine; and in those trunks lying prostrate,
and those ferns, you can gather a very adequate notion of the
conditions under which the carboniferous vegetation lived.

But we have no reason for beliéving that this was the only vegeta-
tion living at that time, because Dr. Lindley, the eminent botanist,
has found oyt, by actual experiment, that different vegetables have
different powers of resisting decay. After an immersion in water
of rather more than two yearsyall the mosses had disappeared,
and all the higher drganised woody trees, those which are familiar
to us in our forests, such as the oak and the ash, had gone with
the exception of the pines, which are found in our cbal. The
grasses and the sedges had also disappeared; but the ferns were
well preserved, as well as the arborescent forms, the tree ferns
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and the lycopodia or club mosses. So that the fact of our finding

the ferns and the calamites, and the trees -’f the club moss kind

more or less well preserved in the coal, does not at all lead to

our believing that those were the only forms of vegetable life in

the ancient forests of the carboniferous period. Were a tropical

forest of the present day exposed to the same vicissitudes as those

from which coal is formed, it would not present higher forms of

vegetation. It is worthy of note, that in Dr. Lindley’s experiment,

all the ferns had lost their fructification—a fact which explains

why it is so rarely found in those of the coal measures.

To sum up the evidence as to the origin of coal—just as the
bituminous portion owes"its bitumen to the resin stored up in the
seed vessels of vegetables allied to the lycopodia, and possibly
also to those of the ferns, sc is the anthracite made up of the tissu o
various plants, more or less decomposed ; and both kinds have been
profoundly modified by the action of the internal heat of the earth.

I have now to pass on to the conditions under which the vege-
table matter was accumulated. We find under each bed of coal
a layer of “under clay,” as it is termed, that is as full of the
rootlets of sigillaria as it well can be. It is therefore clear, «that
it was the soil on which the vegetation grew. 'In some cases we
can prove that the roots and rootlets penetrated the bed of
coal, very much in the same way that the roots of trees now
penetrate the soil.  Therefore, there canebe no doubt that the
under clay which you find below every seam of coal is the soil
on which the trees grew ; and that the layer of coal above, which
is sometimes equally penetrated with roots, is the accumulation
of vegetable matter on that soil. ‘T'hat is a very important point,
because it leads us to an adequate idea of the conditions under
which the, coal was formed. It proves that these ancient forms
of vegetation were laid up in tie form of coal very much where they
grew. There is evidence also that these forms grew not very far from
high-water mark. In the first place, the layers of coal run more
or less straight, like the modern alluvia, though they are broken
up here and there from causes of which I shall speak presently.
If you could strip off from some particular layer of coal
the superincuinbent rocks with which it is overlaid,then you would
frequently find the channels formed by water while the coal was
being formed. Supposing we ke this blagk board to represent
a portion of the 4-foot coal in the Forest of Dean, there we get
ramifying through this layer of coal a series of channels filled
with sandstone and shale. Now, there can be no doubt, that in
this particular instance, the reason why we have stone instead of
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coal, is simply owing to the fact that in the old days streams
of water played uporg the vegetable matter, and these streams
" wore it away into channels, and these channels have been filled
up with sand and shdie. Such a series you may find at the
mouth of any river you chose to examine. At Fleetwood you
will find, hollowed out in the soft mud, a scries of channels of
that kind; and if the sea should come over and deposit sand,
then you would find those mud channels filled with sand, just in
the same way as in the coal measures of the Forest of Dean.
We have also clear evidence thdt the coal was not accu-
mulated under water, in the simple fact that the small spores,
of which the bituminous coal is made ub, are so light that they
would float on the surface, and could not possibly become
“w®rlogged. We can therefore gather this idea relative to the
accumulation of coal—that the eoal accumulated where the vege-
tation grew, and that the place where the vegetation grew was not
far from high-water mark. DBesides that particular evidence, we
have the evidence of sundry other fossils which are found
associated with the coal. We find terrestrial creatures, such as
scorpions, which are not rcadily distinguishable from those
ving at the present day. We find beetles; and in one
remarkable case which Dr. Dawson investigated in Canada, a
large trunk of sigillaria was found which was flled with sandstone.
Sir Charles Lyell suggested, that as this trunk was standing upright,
it was extremely probable that in, the old days it was the hollow
stupp of a tree, and that it was probable that in the old carboni-
ﬁ.rousdays, as at present, the hollow trunks of trces formed a trap
for small creatures to fall into and die. So Dr. Dawson inves-
tigated, bit by bit, the contents of this fossil hollow trunk, and
he found a small worm which is scarcely to be distinguished from
a living centipede ; he found a small land shell which is not very
far removed {rom a modern pupa. Those two forms of life in that
trunk of sigillaria testify to the fact that the coal was accumulated
on the land, and not in the sea.

There are many other forms of life in the coal. We have large
creatures of the reptilian kind, allied, more or less, to our frogs
and newts. THis 1s the representation of the skull of an arche-
gesaurus, which was found 1n %ermany, and that lower jaw
belongs ta the Proteus, which is ond of the amphibians, resembling
a newt. If you compare the lower jaw of those two animals, you
cannot fail to detect a considerable resemblance.

Apart from its surroundings, I have hitherto spoken of coal
itself. ~ It is always associated with sandstone and shales,
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which are indisputably derived from the wear and tear of the land
by water. The first difficulty that strikesyus in regard to the
formation of a bed of coal is—how is it that ‘while it is associated
uith sandstone and shale and clay, it is so pdrely vegetable? Ifwe
refer to the great cyprus swamps on the banks of the Mississippi
we shall easily gather a reason for that. There we find large
quantitics of peaty matter accumulating, and that peaty matter 1s
morc or less enveloped in the floods every spring; but those
floods of the Mississippi lose all their sand and mud long before
they arrive at the peaty matter in the middle. Round those
swamps there is a fringe of rushes and mosses which completely
strains off all earthy and $andy material, and the result is that
in the interior you get a perfectly pure vegetable matter very
much like that of which ow coal is composed. I have no douut™
whatever that the purity of our woal i1s in part owing to the
carthy matter being strained off by these grasses, sedges, and
rushes, which subsequently disappeared by that action to which
Dr. Lindley has called our attention. It is, however, casily
explained by the simple fact that the vegetation accumulated
where it grew. Indeed these old coal layers call to miad
our peat bogs. We find a layer of peat nearly everywhere on
our coast line between high and low water mark, — at Fleet-
wood, for instance, — which is perfectly pure and free from
extraneous matter; although it is basedsupon a layer of clay
and is covered by marine sand. Yach layer of coal represents a
mass of vegetable matter accumulated on the ancient land surfac
just like that of the Lancashire coast, while the sindstones gn
shales were deposited by water on the submerged lands, and each
of the many layers of coal represents a new submergence. This,
of coursey presupposes that change of level has taken place;
and to show you that it is 1ot unreasonable to suppose that
in the carboniferous epoch changes of level did take place,
I may adduce one or two instances which have taken place,
during this century. In the valley of the Mississippi, in 1812,
an earthquake took place, and a large area of country in
which the cypress trees grew was sunk beneath the level of the
water ; and the stumps of cypress trees and the peit were com-
pletely covered up with alluvium,,very much as any scam of coal
might be now-a-days. In India, A 1819, a lagge alluvial plain was
suddenly submerged by an carthquake, in the Gulf of Cutch, and a
solitary fort was left which marked the extent of the depression.
Like causes produced like effects in the coal measures.

The next question for us to discuss is—how these changes of
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level are brought about; and that is not at all hard to answer.
They are caused ajtogether by the internal heat of the earth.
I dare say that many of you know that in the mines the deeper
you go the hotter the tatmosphere becomes. Speaking roughly,
the increase of temperature in going down into any part of the
earth’s crust is one degree for 65 feet of descent. Sir C. Lyell has
estimated that at a depth of two miles we should arrive at the
temperature of boiling water, and at a depth of 34 miles we should
arrive at the temperature of molten iron. This heat manifests
itself in the hot springs which' we find at Bath and other places,
and in volcanos ; and it is this internal heat which has caused the
depressions of the land on whigh the ‘voal was accumulated.

You know that if you hcat a poker, it expands; the heat
Making it longer. The earth is in the same state as a hot poker,
and parts of it expand or contgact as the heat within it ebbs and
flows. I have here a section of the coal measures of Lancashire,
Upon a thick base of millstone grit, of which most of our hills are
composed, you have the coal-producing rocks, which, instead of
being horizd¥tal, as they were originally, have heen tilted up by the
urkequal expansion and contraction of heated rock within the
earth. If the héat ebb away from one portion, the land alove
will be depressed, if it flow towards it it will rise. In this way all
the changes of level can be explained, This subterranean hcat is
the cause of another phenomenon. You know that in the coal
measures we have what are termed “faults;” that is, every now and
then you have a break in the scams or strata. Thosc experienced
in pining know that in tracing this break, if it goes over the
miner’s head, he has to sink down in order to regain the seam
of coal. On the other hand, if a “fault” or “Dreak” goes
under your feet (for these faults are hardly ever vertjcal), then
you have to go up. Now the result of this arrangement is, that
the rocks are divided into a series of wedges, and these wedges
are directly traceable to the exertion of the same heat which
caused the tilting up of the »ocks. Mr. Hopkins has shown
that there are continual movements of heat in the earth, some-
times in one direction and sometimes ‘in another. He has also
shown that when the internal heat of the earth causes the matter
to expand, the solid crust above must be divided into a series of
wedges ; and that it follows nat¥ rally that the wedges which have
their broad ends at the bottom must be thrust up higher than those
with their narrow ends downwards.  As the heated matter expands,
the triangles .with the bases below are thrust upwards, while the
others will be left very much as they were. In that way we can
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account for the almost invariable position which these “faults” take
in the rocks; and we can understand how it is that the miner
finds the fault above his head when the sedm he wishes to find is
below him, and when the fault is beneath Hin he looks for the scam
of coal above. Thus we can ascribe faults and disturbances in the
rocks and changes of level to the internal heat of the earth.

You will naturally ask,—How long ago is it since the coal
was formed? 1 am extremely sorry that I cannot tell you. It is
so long ago that we cannot grasp the idea of the lapse of time.
Here, in the Manchester coll ﬁe‘ld, we have no less than 6,800
feet of deposit, and in it we have no less than sixty feet of work.
able coal. But the Lahcashire coal field is not the thickest.
There are coal fields in the Forest of Dean and in America, which
arc much larger and much thicker. The coal fields must hii*™
demanded a vast amount of tine dor their accumulation ; and the
carbonifcrous epoch is separated from us by an interval too great
to be bridged over by any unit of time which can be devised.

In conclusion, I thank you for the patience with which you
have listened to what I have said this evening about the very
difficult subject of the natural history of coal. , It is a mere s®rap
of the record of time past, which all of you can Tead for yourselves
in the rocks if you care to take the trouble. If I can send any ot
you away with one ncw idea relative 1o coal 1 shall have gained
my end. I think I ought notto let ycu ®go away without men-
tioning an example which cach ¢f you in this room may follow.
There are two working men in Oldham who have not betjer
opportunities than any of us here of working at geologw or
at anything clse out of their own daily mill work.  These two
men, Mr. Butterworth and Mr. Whittuaker, by name, have collected
togetherva large portion of the matter which I was enabled
to bring before you this evening. They have simply done
this by using that common scnse which all of you must
possess, and which all of you can apply, if you only care to
look outside yourselves, and t®& look into nature, and to see
what wonders and what, mysteries there are lying at your very
doors. I am qnite sure that none of you would be at ail the less
happy, but far more happy for any study whatever fhat would take
you out of your own ruts of life, so to speak, and show you what
beautiful things there are in vhture, 1 sincerely hope that one
of the outcomes of this set of lectures will be, that for some of
you life will be"the sweeter—that some of you will realise that
knowledge is better than riches.
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%
Yot will, I hope, believe me when I say that I fcel half sorry
and half glad to have undertaken to speak to you to-night about
Charles Dickens : sorry, because I cannot quite suppress a fear
lest it may seem presumptuous in one whose name must be strange
to nearly all his hearers¢to address them concerning one whose
name is familiar on all their lips ; glad, because 1 feel assured that
anyg attempt to do honour to a great memory must have something
in iteto commend itsclf to your sympathies at the very outset,
For, indeed, T have no claims to discuss the subject which I have
proposed for our consideration but two, and these two of very
different value: the onec, that there is in this room 10 more
cordial adirer of the genius of the late Mr. Dickens than myself;
the other, that my own studies have lain so much among writers
of the past, among the works of the few whose fame is still green
in the nation which they adornedand the many whose reputation
is to all intents and purposes (like Old Marley in the Christmas
Carol) as dead as 2 door-nail, that I often ask myself the question,
What is it in “the works of the former which ensures to them
the highest reward of literary eﬂ’oxt—a lasting national popularity ?
Such an-enquiry I will venture to-hight to make with regard to the
works of one of the most popular writers—probably the most
popular writer—of our own generation. And this enquiry. if
,canducted with something of care, will not, 1 hope, be wholly
without profit. Literary criticism has its uses as well as its
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abuses; but there is no cause to shrink from it as a vain
expenditure of time. To know the reason why we admire, is a
very different thing from studying with & determination not to
admire at all. And you will allow wre % say that I should not
have dared to follow on this platform men who Have spoken to
you as masters of the sciences with which they have dealt, if I were
not convinced that the criticism of a great writer is as worthy
an occupation for the mind, and one as capable of being
conducted on true principles, and according to a rational method,
as scientific enquiry into tde wdnderful phenomena of physics.
I cannot speak with authority, like my predecessors; but I can
address myself to my thek with as fuil a consciousness of its
mnportance as that which animates them with regard to theirs.

I shall endcavour, then to make good this assertion : that ixse
nan:e of Dickens is destined to epdure, and that the glorious hope
which inspired his lifelong labours was not a delusion.

For, that such a hope inspired him, I can make no doubt what-
ever. The fame which he sought was not the mere favour of the
day, which brings applause and gold ; the art to which he devoted
himself was not one which desires to be crowned only with wreaths
doomed to wither on the mortrow of the festival. On the last—the
very last—occasion when Mr. Dickens spoke in public, the
fact that he and those around him were mourning the loss of a =
distinguished fellow-artist, and he in pamticular a dear personal
friend, gave to his words a tong of melancholy usually foreign to
them. But, as if he had known that he was never again to open
his lips before an assemblage of his fellow-countrymen, he glosed
his brief reference to the death of Mr. Maclise with what might
almost without change be at this day spoken in memory of Dickens
himseli ¢—*Incapable of a sordid or ignoble thought ; gallantly sus-
taining the true dignity of his vocation, . . no artist, of whatsoever
denomination, ever went to his rest leaving a golden memory more
pure from dross, or having devoted himself to his art with a truer
chivalry.” For, as we look back upon the long, and, in one sense,
uneventful life which came to so sudden a close last midsummer,
there is nothing which strikes and touches us so much in it as this:
that it was devoted almost entirely, that it was dewoted exclusively
and single-mindedly, to the art which ennobled it and made it
great. It would be an unjust #nd impotent, objection against this,
to say, that because Dickens was from the first—or all but from the
first—successfut in the line of life which he had chosen, interest
pointed the same way as ambition, and ambition the same way as
creative impulse. Certainly, in this country of ours the rewards
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are neither few nor scant which the public bestows upon literary
success. And happﬂy in our own days, literary merit needs no
other patron than thel public. No great nincteenth-century poet
needs to embitter his existence by “losing good days that might
be better spent;” and “Wasting long nights in pensive discontent;
speeding to-day, to be put back to-morrow ; feeding on hope, to
pine with fear and sorrow.” No nmetecnth-century humourist
needs to bully the great ones in the realm to stand in awe of him;
or, while he lords it over his fellow-writers, to be, to the end of his
days, the slave of the bookselless. But while literary success in
our days lies in a more straightforward path for litcrary merit, the
temptations of both have increased. Among them is the temp-
tation which it is more difficult perhaps for an Englishman thap

w4 the citizen of most other countries to resist—to make his
literary honours merely a stepping-stone to a political career and
to mere social distinction. The members of more than one
popular censtituency, during Mr. Dickens's life, were of opinion that
his laurel lacked its greenest leaf till he should consent to repre-
sent them i¥ Parliament; and there was in certain (uarters a
chrgnic murmur, why Charles Dickens had not been made a lord,
or at all events a baronet or a privy-councillor. Had Mr. Dickens
regarded literature merely as a means to an end, he might pro-
bably have contrived to compass one, if not all, of these distinctions;
but he regarded literatyre as the end of his life itself, and by what
he accomplished in it he' desxred to be judged by hls contempo-
rarics and by posterity.

‘The best and most honourable tribute, therefore, that can be
paid %o his memory, is not, indeed, to forget the man in his works,
but in his works to seek out the man. The mere outward cir.
cumstances in his life have but a passing interest. The months
have flown swiftly since the day of his death; and the “time has
already gone by when a curiosity lingering over mere outward
details was at all events excusable. Naturally enough, at the first
moment, when the man himseclf wag still fresh in our remembrance—
when the sudden impression of his having been taken away in the
midst of an active career was still upon us,—we thought less of his
services as a wpole than of the details which we could personally
recall, or which others could recall for us. We remember, or forget
them now, with a better sense ofytheir proportion to that which
Dickens's friends and Yellow-countrymen have really lost in him.

As for the harmless gossip which attached itself to almost every
picture and every piece of pottery belonging to Mr. Dickeps—
(down to the stuffed raven, who, as we thought, was purchased by
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the most fearless of enthusiasts, but who turned out to have been
secured by an enterprising photographer)—it naturally enough in-
terested us at the moment. It has vanishgl from our minds as
the pictures have vanished from their familiar walls at Gadshill ;
with it have gone the details about the amount of Mr. Dickens’s
personal property ; gbout the way in which he disposed of it; the
obscure insinuations as to his opinions on subjects with which the
public had no concern ; and one or two stray attempts to revive
forgotten scandals, which may or may not have rested on miscon-
ception, but which it is certainly mo man’s business to .make the
subject of common talk.

We all live in hopes that even our owr genecration may see the
life of Dickens really written. The public desires no vamped-
up compilation, cheaply got up for a cheap market—if the book
be good, it will soon become cheap ; we can wait till a competent
nand has addressed itself to the task. A good biography, such
as Mr. John Forster, one of Dickens’s most intimate friends, wrote
of Oliver Goldsmith—such as the world hopes he may be induced
to write of Charles Dickens himself,—will contain enough detail to
leave to posterity a warm and living picture of the man; but will
subordinate that detail to the great design, and not dissolve the
mighty current of a great carcer into a numberless sea of petty
facts. But while we can wait for such a biography as this, the
time has, I think, come for every man who galls himself an admirer
of Dickens, and who believes that his®children and children’s
children will honour the name and love the author whom he
honours and loves, to enquire into the grounds of this admiration,
and of the emotion which it engenders. .

It is not, of course, possible to suppose that the unparalleled
popularity at present attaching to the name of Dickens will
endure in the same degree and in the same extent. In the first
instance, what may be termed the accidents of his literary effects,
will lose in the eyes of posterity the attractiveness which they
have possessed for his own age. , The time will come when many
passages in Dickens will nced a commentator; and though we of
the teaching class are fond of commentating authors, yet we
agree with the larger half of the world in thinking,those authors
most enjoyable who explain themselves. I take up my cdition (the
last, I believe) of the book with which I verily Delieve most
Englishmen of the present generation would not object to be
sentenced to a moderate term of solitary confinement—of course,
I mean the Pickwick Papers; and I find its author, in the preface,
written many years after its composition, using these expressions :

-
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%I have found it curious and interesting, looking over the sheets of
this reprint, to mark what important social improvements have taken,

lace about us, almost{imperceptibly, since they were originally written.

he licence of counsel, and the degree to which juries are ingeniously
bewildercd, are yet susceptible of moderation ; while an improvement
in the mode of conducting Parliamentary elections (and even Parlia-
ments too, perhaps) is still within the bounds of. possibility. But legal
geforms have pared the claws of Messrs. Dodson and Fogg; a spirit
of self-respect, mutual forbearance, education, and co-operation for
such good ends, has diffused itself among their clerks ; places far apart
are brought together, to the present cpnvenicnce and advantage of the

ublic, and to the certain destruction, in time, of a host of petty
jealousies, blindnesses, and prejudices, by which the public alone have
always been the sufferers ; the laws relatihg to imprisonment for debt
are altered ; and the Fleet Prison is pulled down.”

w4 Who knows,” he continues, in the same vein, “but by the time the

‘series reaches its conclusion, it may be discovered that there are even
magistrates in town and country, who should be taught to shake hands
every day with Common-sense and Justice; that even Poor ILaws may
have mercy on the weak, the aged, and unfortunate; that schools, on
the broad mginciples of Christianity, are the best adornment for the
length and breadth of this civilised land.” R

P

And so forth, speaking of social changes which he saw in progress
around him, and of which—Heaven be praised —he lived long
enough to witness at least the earnest beginning, leading, we may
trust, to full accomplishment. So, again, we may look forward to
a time when much of the effect of such a book as Bleak House
will be considerably diminished by the difficulty in understanding
is subject. Indeed, I recall an anecdote of the present Lord
Chancellor protesting to Mr. Dickens that the court in question
was in a fair way to redeem itself from the unpopularity to which
he had given so trenchant an expression ; and of the author of Bleak
House receiving the intelligence with pleasure, not unnfixed with
a shade of incredulity. And in pcinting out this probable canse
of a future diminution of interest in some of Dickens’s most popular
works, I am not speaking unadvisedly, for I have heard men of
intelligence in our own day exclaim on the impossibility of reading
our great novelists of the eighteenth ceatury, because the state of
society whichethey describe is so difficult to understand as to make
their ground almost a forcign one to readers of the present
generation, ) \
Again, we cannot believe—at least the general coursé of the
history of Lterature points directly the other way—that the form
#in which Dickens, following the taste of his times perhaps even
wuore than the bent of his own genius, cast his literary creations,
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will not at some future time become more or less obsolete,
Dickens'’s fame, of course, rests in the main upon what he did as a
writer of novels. Now, in whatever form hp might have written,
the gift of his genius, his all but infinite humour, and his ail but
inexhaustible imagination, would have shone; but that he
became a great novelist was due, in some measure at least, to
the accident of the literary tastes of the times in which he lived
and wrote. I will not, for instance, conceal my own belief,
that if he had lived in another epoch, he would have been
attracted even more strongly, to writing plays than he was in our
own days to writing novels. Before I close, I hope to say
something on his dramatic, powers, which. both in the clear draw-
ing of characters and in the happy invention of situations were ex-

traordinary ; and assuredly his love for the stage can have escaped .

no reader of his works. 1t was very wide and very enduring. As
one who had special opportunitie$ for understanding Dickens’s
tastes in this direction has pointed out to me, it included enter-
tainers of almost every description. It was because he loved the
drama so well that he had so keen an eye for the little absurdities
and extravagances of its professors. Who does not rememper
the immortal Mr. Vincent Crummles, of tha Theatre Royal,
Portsmouth, the proprietor of the pony with the theatrical educa-
tion, and of the vehicle of unknown design, in which the manager
himself was wont to occupy the front seat,.w.hile

“The Master Crummleses ande Smike were packed together
behind, in company with a wicker basket, defended from wet by &
stout oilskin, in which were the hand-swords, pistols, pig-tails,
nautical costumes, and other professional necessaries of the aforesaid
gentlemen ?”

And Mrs. Crummles, who in private life ¢ wore her hair (of which
she had a great quantity) braided in a large festoon over each tem-
ple;” and Miss Ninetta Crummles, the infant phenomenon, who
first appeared before Nicholas Nickleby— ‘

“in a dirty white frock wjth tucks up to the knees, short trousers,
sandaled shoes, white spencer, pink gauze bonnet, green veil, and curl-
papers ; who turned a pirouette, cut twice in the air, thrned another
pirouette, then, looking off at the opposite wing, shrieked, bounded
forwards to within six inches of thefootlights, and fell into a beautiful

L attitude of terror, as ashabby gentleman in an old pair of buff slippers
came in at one powerful slide, and, chattering his teeth, fiercely bran-
dished a walking stick. ¢They are going through the Indian Savage
and the Maiden, said Mrs. Crummles.”

Q
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Of this good-natured fondness for everything connected with
the stage, there are many traces in Dickens’'s works to the last,
from the memoirs ofithe excellent clown, “Joe” Grimaldi, which
he took the trouble to edit and make readable, down to the
charming occasional papers of his later years, where the descrip-
tion of “Two Views of a Cheap Theatre” is admirably true to
nature—or shall I say art?—where the “ Christmas ‘I'ree Thea-
tricals” form one of the pleasantest accompaniments of the
¢ Christmas Tree ;” where, even in the quiet town of Dullborough,
the Uncommercial Traveller turns, his steps to the theatre, *“in

which sanctuary he had in his youth come to the knowledge of many
wondrous secrets of nature;” and evey at the seaside at Pavilion-
stone there is time to remember the efforts of “ poor theatrical
<Managers.” Mr. Dickens, as is universally known, was himself a
most admirable actor ; his performances in private theatricals live
in the memory of many, as marvellous for their vigour and
vivacity ; and we who have seen him only before his reading-desk
recall some of his sudden assumptions of character—such as that
of the Jewnlagin or old Justice Stareleigh, with a distinctness of
impression left upon us by few impersonations on the actual
stage. I am not.aware whether Mr. Dickens’s impersonation was
intended as a portrait ; it is well known that the character was not
without a malicious design of the kind. The original of Mr.
Justice Stareleigh seems to have been a model of intelligent
obtuseness. Perhaps you have heard of a story illustrating this.
He was passing the statue «of Canning, then newly erected,
epposite the Houses of Parliament, in all the freshness of the
vefdant hue usually observable in fresh compositions of bronze.

I should think,” said the judge, referring to the colossal size of

the statue, ‘that Mr. Canning was not so large as that in life.”

“No, nor as green, was the reply.” This strong pemonal taste

would have combined with Mr. Dickens’s gifts of genius in a
dramatic direction to render him more effective as a playwright
than any our later literature has known. As it was, he never
wrote anything dramatic except, quite in his early days, a pretty
little opera ; the taste of the times led him irresistibly to the novel.

But is it cgrtain that this taste will continue? Is it certain that
the nopvel, like other forms of literature, will not in time give way
to another ? There is nothing to exempt it from the fate of all
other literary forms¢, nothing to knsure it an eyerlasting endurance.
1 do not mean that in our own time we need look forward to a
failure in the supply which at the present day seems endless ; or
Jto the demand which seems fully commensurate to it. Bt it is
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frobable that the time will come when this particular form of

iterature will fail to exercise an exceptional attraction ; and when

that time comes, the great writers who, like bickens, have adopted
it will suffer with the small, for whom’neglect is in any case
inevitable.

Lastly (if I am not delaying you too long on the threshold), as
the years go on, as the true fame of the great men of our own
age mellows in their progress, much will be lost of the kind of
popularity which they could only possess for the generation to
which they belonged.” 1t is with ‘the favourites of an age as with
the familiar associates of an individual life. When we recall to
our minds those whom we® knew aell and love dearly, what is it
that we affectionately remember and that it gives us constant
pleasure to dwell upon? Co=rtainly not always only the merits for
which we estecemed and the virtues for which we honoured them.
Their little foibles, their tricks and oddities, their familiar
extravagances which usage endeared to us, are present to us as so
many sunny memories; we cannot think of them without their
weaknesses, and their very failings as part of them are endeared
to us. DBut coming generations, our sons and their sons afer
them, will only esteem the men and women of ‘the past for what
they were worth ; they have scant piety for those accidents which
to us are hardly distinguishable from essentials. And so with a
great writer whom his own age has grown to love. Mr. Dickens
as an author had, especially in his Jater wurks, acquired a manner
so distinctly his own, that it frequently fcll into what is calleg
mannerism; but to his public his faults were often inseparable
from his merits ; and when our critical consciences told us that he
was astray in one of his favourite directions, the severest censure
we had for,him was that he was growing * more like himseif” than
ever. But future generations will judge from a different point of
view. They will, and they ought, to scan more closely the merits
and the demerits of the great writer’s manner; and they will be
less willing to tolerate what they consider bad for the sake of
what they acknowledge as good. And they will also note, more
keenly than ourselves, how it was precisely the mannerism of
Dickens—i.e.,, his exaggeration of his peculiaritiesf-—which his
followers were able to imitate, and by imitating which they flooded
our literature with a mass of writing which we egjoyed, more or less,

¥ because it was so like Dickens, but for which #%y will have no similar
liking. Sydney Smith says somewhere, that he would undertake
to teach anybody wit—i.e., the kind of wit which can be learned—
in a course of six lessons; and some of the imitators of Mr.
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Dickens seem to have come by his manner without very much more
trouble. But future generations will reject the mannerism in the
imitations, and they #ill not approve it in the great writer himself.
If then, this be the ‘case, if there is much in the sudjec, in
the form, in the manner of Mr. Dickens’s works, which, so far from
giving vitality to them, will injuriously affect their fame and popu-
larity, and make them less enjoyable to our successors than they
are to ourselves, then surely every lover of Dickens, everyone who
believes that his name and his works will endure in our literature,
may ask himself the question—What are the essential elements of
his literary genius? What is that which ensures, as we believe,
a life to his works which will exist with, the language itself ; what
is that which is not merely accidental in the popularity which he
wenjoys now, and on which his fame will rest in ages to come ?
May I, without immodesty, attempt in part at least, to answel
these questions? For my wish is to give reasons for the conviction
which I believe we all share, that the name of Charles Dickens is
not a mere waif upon the tossing current ot time, but an inheritance
which, witB®ut shame for having gloried in it ourselves, we may
cegnfidently hand down to the generations which shall succeed us.
In Shaksperdds tragedy of Hamlet there is a very wise
critic—wise enough in his own estimation to be able to overlook
the circumstance that he is a fool in the opinion of everyone else—
by name Polonius, who is all for nice distinctions, and who takes
occasion to remind us'that the drama is divided into “tragedy,
comedy, history, pastoral—pastorical-comical, historical-pastoral,
Yragical-historical, tragical-comical-historical-pastoral, scene un-
dividable or poem unlimited.” You would probably think me
what Hamlet thought Polonius, if I were to enter into a similar
attempt to show what are the several kinds or classes of novels.
But I may say this, that the distinction betweene novels of
character, novels of incident, and novels of manuer, has in it
nothing either unintelligible or far-fetched.  Is it not easy, or, in-
deed, possible, to place every novel absolutely under one or the
other of these heads ; but it is certain that nearly every novel is
in the main of one of these three kinds. In other words,
a novel may claim our attention chiefly on account of its story,
on account of the skill with which that story is constructed, and
of the powerful way in which the events of which it tells are
brought forward atd put togethr. That is the novel of éncident—
the novel which engages our interest on account of its plot. It
is a kind which has never lost its popularity, from the days of
Rovirson Crusoe down to the days of The Woman in White;
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for I suppose I may count among my hearers some who have,
like myself, had their souls harrowed, apd their night's rest
disturbed by that awesome tale. Again, a novel may interest us
chiefly on account of its descriptive power, by reason of the faith-
ful accuracy with which it pourtrays the hfe and ways of men
either of our own day or of any period of the past, either of our
own country or of some foreign land. That is the novel of
manners—the novel in which our English writers of the last cen-
tury have excelled, perhaps, all other schools ; and of which
Smollett, who so faithfully describes the manners of people who,
in one sensg ccrtainly, had no manners at all, is perhaps the fore-
most representative. Lastly, tHere is the novel which chiefly
directs itself to trace the differences, to delineate the growth, and_
9 illustrate the passions and humours of particular types of men
and women. That is the novel®of ckaracter, which some think
the highest kind of all—of which our literature boasts many
masters, and our own age not a few worthy to rank high in our
literature. Now it is very rare to find a novel which is excdusively
of one or the other of these classes, and a novelist who has not
attempted to shine in them all, but there are not many novels wilich
are successful in the attempt, and there are, as I have already said,
very few novelists indeed who have been masters of all three.

The great wriler of whom we are speakmg, was not equally
gifted by nature in every one of these diréctions. The novel of
incident requires what rarely comes by nature, great artistic skill of
a peculiar kind; experience teaches much, but cannot wholly
supply, the defects of nature. Mr. Dickens knew that hes was
comparatively weak in this direction; and he accordingly here
applied himself with the most visible effort 'to learn by experience
and by example ; but effort, when it is perceived, diminishes the
effect, and, to some extent, spoils the enjoyment of any work of
art or literature.

Let us dwell for 2 moment on this point, It is not quite fair to
judge a writer by his earliest witings, even if they be the most
popular of any which he .has produced. Thus a serious injustice
1s often—mvoluntanly, no doubt—done to the asfistic merits of
Mr. Dickens by taking the immortal Pickwick ’Papers as the
text-book for judging of his writings as a whole. In some ways
he never surpassed this early effort; but, frem the point of view
under which we_are at present con51denng it, it was crude and
xmperfect and could pot, indeed, in the nature of the case, be
otherwise. For the Pickwick Papers as is well known, were
not at first intended to be a novel at all; but grew out of & series
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of sketches originally intended to accompany a series of comic
prints illustrating the,adventures of Cockney sportsmen. Whena
plot has no beginning it cannot have a middle, and it only has an
end because every book has a last page, just as even the worst
tragedy has a last scene, in which, as a matter of course, all the
bad characters are killed off, and all the good married off. For
the same reason, when an author starts without any clear idea of a
character, he cannot carry that character out consistently through
his story ; accordingly, our friend Mr, Pickwick, in the earlier part of
the book, is a ridiculous old donkey, and in the later part a benevo-
lent old gentleman, frequently as shrewd as he 1s benevolent.
Sam Weller, on the other hand, ¢omes on the stage comparatively

<late; he is the author’s own creation, and he is perfect from first
to last—{rom his first appearance in the inn-yard, intent upon the
illustration of eleven pair of beots—

“ Eleven pair o’ boots, and one shoe as blongs to Number Six, with
the wooden leg. The eleven boots is to be called at half-past eight,
and the shoepat nine. 'Who’s Number Twenty-two, that’s to put all
the others out? No, no! Reg’lar rotation, as Jack Ketch said when
he tied the men up : sorry to keep you a-waitin’, sir ; but I’ll attend to
you directly.”—

Through his relations as an ardent lover to Mary, a fatherly son to
old Mr. Weller, an unwilling step-son to the “widder,” a deadly
foe to the Shepherd, and a servant and protector to Mr. Pickwick,
down to his final confession of faith:

- «“If you vant a more polished sort of feller, vell and good—have
him¢ but vages or no vages, notice or no notice, board or no board,
lodgin’ or no lodgin’, Sam Veller, as you took from the old inn in the
Borough, sticks by you, come what come may ; and let ev’rythin’ and
ev'rybody do their wery fiercest, nothing shall ever perwent jt.”

H
-

But in general, as a novel of character, and still more so as a novel
of incident, the Pickwick Papers will not stand any severe test;
and the nature of their origin forbids our applying it to them,

No sooner, however, had Mr. Dickens undertaken the com-
position of a regular work, conceived from the first and constructed
as an organic whole, than he began to display an unmistakable
anxiety, which seems not to have abandoned him to the last,
adequately to perform that part of the novelist's task, which lies
not only-in the invention, but ako in the judicious and artistic
arrangement of incidents. Compared with his other powers, his
power of construction, however, remained his weak point to the last,
though he endeavoured to make good a natural defect by unabated
andt unwearying labour. As a constructor of plots, he grew more
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elaborate and artificial as he went on, but not, I think, more
effective and artistic.  Oliver Twist, the first of his novels, is
simply and powerfully put together; in Wicholas WNicklchy, the
interest in the story is already faimer$ in the O/Md Curiosity
Shop the original thread is flung aside altogether, and the story
itself totters to its end almost as feebly as the old man whom
Little Nell led through the country lanes. AMartin Chusslewit
is quite improbable; and the visit to America, an inimitable
episode in itself, is simply foisted, into the general action; David
Copperfield, poor boy, gets into his troubles for no particular
reason, and gets out of them as easily as he gets into them. In
his later works, Mr Dickéns, perhaps under the influence of Mr.
Wilkie Collins’s example, attempted plots of extreme intricacy.
Indced, he seems almost to hint as much in the preface to ms®
Zale of Two Citics, of which he informs us he first conceived
the main idea when he was acting with his friends and children in
Mr. Wilkie Collins’s drama of the Jfrozen Decp; yct the tale
itself is one of the very few of Mr. Dickens’s works which require an
effort in the pcrusal. The master of humour and pathos, the
magician whose potent wand, if ever so gently moved, exerdises
effects which no one is able to resist, secms fo be toiling in the
mechanician’s workshop, and yet never attains to a success beyond,
that of a more or less promising apprentice. To take only his
last two works, is there any man not blessed with the experience
of a detective policeman, who copld furnish an intelligible account
of the plot of Our Mutual Friend. And if he is at tipes
obscure when in the end he of course means to be clearghe is
elsewhere transparent where he intends to be secret. Have you
read the Mystery of Edwin Drood, which, alas ! its author was
not himself to unravel. We have lost much by its sudden inter-
ruption; but not the key to the mystery. I certainly do not
fatter myself with being more than ordinarily acute in penetrating
such problems ; but after reading the very first number of that
work I told a lady who was beginning it that it would be no
mystery to her, and she found it out at once.

If Dickens was never destined to attain to high distinction as a
constructor of plots, the wonderful fertility of his ishagination, and
the marvellous dramatic sense which he in so many ways displayed,
could hardly fail to make him aminent as an,inventor of siZuations.
I need hardly paint out the distinction ; it is in a word, the
distinction between the devising of effective scenes, and the com-
bining of effective scenes into a harmonious whole. Nor need I
from the wealth of instances which at once crowd into the memory,
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select more than one or two instances in illustration. Do you
remember, in that b?,autiful work David Copperfield, the novel
of Charles Dickens’s own heart, which it is not wonderful that many
should have thought a refiection of much in his personal experience,
the shipwreck on the Yarmouth Sands :

“ The wreck, even to my unpractised eye, was breaking up. I saw
that she was parting in the middle, and that the life of the solitary man
upon the mast hung by a thread. Still he clung to it. He had a
singular red cap on, not like a sailer’s cgp, but of a finer colour ; and as
the few yielding planks between him and destruction rolled and bulged,
and his anticipative dcath-knell rung, he was scen by all of us to wave
it. I saw him do it now, and thought I wa$ going distracted, when his
action brought an old remembrance to my mind of a once dear friend.

»='‘ Ham watched the sea, standing alone, with the silence of suspended
breath behind him, and the storm before, until there was a great
retiring wave, when, with a backWard glance at those who held the
rope which was made fast round his body, he dashed in after it, and in
a moment was buffeting with the water—rising with the hills, falling
with the vallgys, lost beneath the foam, then drawn again to land.
They hauled 11 hastly.

“He was hurt. I saw blood on his face, from where I stood, but
he took no thought of that. He seemed hurriedly to give them some
directions for leaving him inore free—or so 1 judged from the motien

. of his arm—and was gone as before.

“And now he made for the wreck, rising with the hills, falling
with the valleys, lost befienth the rugzed foam, borne in towards the
shore, borne on towards the ship, striving hard and valiantly. The
distance was nothing, but the power of the sea and wind made the
strife deadly. At length he neared the wreck. He was so near that
with 8ne more of his vigorous strokes he would be clinging to it, when
a high, green, vast hill-side of water, moving on shoreward from beyond
the ship, he seemed to leap up into it with a mighty bound, and the ship
was gone ! 8

“ Some eddying fragments I saw in the sea, as if a mere cask had
been broken, in running to the spot where they were hauling in.
Consternation was in every face. They drew him to my very feet—
insensible——dead. He was carried o the nearest house, and norpne
preventing me now, I remained near him, busy, while every means of
restoration were tried ; but he had been benten to death by ghe\‘great
wave, and his generous heart was stilled for ever. ¥

“ As I.sat beside the bed, when hope was abandoned, and all was
done, a fisherman, who had known me when Emily and I were
childrgn, and ever since, whispered my name at the door. 4

6« 8ir, said he, with tears starting to his weather-beaten face, which
with his trembling lips were ashy pale, ‘will you coine over yonder ?’

“The old remembrance that had been recalled to me was in his
look. 1 asked him, terror-stricken, leaning on the arm he hcld out to

! support me = -
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“ ¢ Has a body come ashore ?
“ He said, ¢ Yes.
“¢Do I kncw it ¥ I asked then. il

“ He answered nothing.
“ But he led me to the shore, and on that part of it where she and 1

had looked for shells, two children—on that part of it where some
lighter fragments of the old boat, blown down last night, had been
scattered by the wind—among the ruins of the home he had wronged—
I saw him lying with his head upon his arm, as I had often seen him
lie at school.” .

And do you recall a scene of a most opposite description—steeped
in holy calm instead of the strife of the elements ; this, too, a death-
bed scene, but in place of the waves of the furious ocean, the
tranquillity of an ancient village :— ‘

“ Waving them off with his hand, and calling softly to her as he
went, he stole into the room. They who were left behind drew close
together, and after a few whispered words—not unbroken by emotion,
or easily uttered—followed him. They moved so gently that their
footsteps made no noise ; but there were sobs from among the group,
and sounds of gricf and motrning.

“ For she was dcad. There, upon her little bed, she lay at -est.
The solemn stillness was no marvel now.

“ She was dead. No sleep so beautiful and calm, so free from trace
of pain, so fair to look upon. She seemed a creature fresh from the
hand of God, and waiting for the breath of life ; not one who had lived
and suffered death. L

“ Her couch was dressed with heyxe and there some winter berries
and green leaves, gathered in a spot she had been used to favour.
¢ When I die, put near me something that has loved the light, and hid
the sky above it always.” Those were her words. °

“ She was dead. Dear, gentle, patient, noble Nell was dead. Her
little bird—a poor, slight thing, the pressure;of a finger would have
crushed--Was stirring nimbly in its cage ; and the strong heart of its
child-mistress was mute and motionless for ever.

“Where were the traces of Ler early cares, her sufferings and fatigues?
All gone. Sorrow was dead indeed in her, but peace and perfect hap-
piness were born ; imaged in her tranquil beauty and profound repose.

“ And still her former self lay there, unaltered in this change. Yes.
The old fireside had smiled upon that same sweet face ; it had passed,
like a dream, through haunts of misery and care ; at the door of the
poor schoolmaster on the summer evening, before the furnace fire upon
the cold wet night, at the still bed-side of the dying boy, there had been
the same mild lovely look. Sosshall we know the angels in their
majesty after death.

9'The old man h#ld one languid arm in his, and had the small hand
tight folded to his breast, for warmth. It was the hand she had stretched
out to him with her last smile—the hand that had led him on, through
all their wanderings. Ever and anon he piessed it to his lips ; then
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hugged it to his breast again, murmuring that it was warmer now ;
and, as he said it, he looked, in agony, to those who stood around, as
if imploring them to hplp her.

“She was dead, and past a'l help, or need of it. The ancient
rooms she had secmed to fill with life, even while her own was waning
fast—the garden she had tended—the eyes she had gladdened—the
noiseless haunts of many a thoughtful hour—the paths she had
trodden as it were but yesterday—could know her never more.

“¢]t is not, said the schoolmaster, as he bent down to kiss her on
the cheek, and gave his tears free vent, ‘it is not on earth that
Heaven’s justice ends. Think wkat earth is, compared with the world
to which her young spirit has winged its early flight ; and say, if one
deliberate wish expressed in solemn terms above this bed could call
her back to life, which of us would utter it ¥ *

*~These scenes, and many others as perfect in other ways, both in
effect and in conception, occur in novels which, in construction,
leave much to be desired ; a proof of a fact on which you will, I
am sure, not desire me to dwell any longer; that of two kindred
merits Dickgns possessed one in an extraordinary, the other only
in a comparatively inferior degree.

#Ve pass to another, perhaps the most important aspect of his
literary workmanship. As a novelist of ckaracter, Dickens works,
as all but the very greatest of human writers work, within a limited
range, but within this range ke excels. Indeed, I do not know
why I should make ary gxception whatsover ; for even in the casc
of Shakspere himself there are limits to that sympathy which is the
parent of humour, which again“is the creator of characters. For

hu‘l}lour has been well defined as the power of understanding,

and appreciating the tastes, the prejudices, the likes and dislikes,
in a word the Aumours of others; the power to understand and
reproduce “those various inclinations which nature gi\‘es to ages,
sexes, nations,” and to cast over them that veil of sympathy which
shows us the likeness of men in their unlikeness ; so that, while, to
quote the same poct—
‘‘ Whate’er custom has Enpos'd on men,

Or ill got habit which deforms them so,

That scarce a brother or his bfother know,

ols represented "— .
men learn beneath the diversity of mankind to read the lesson of
its brotherhood.  But none of ug, even those gifted with the most
marvellous insight into character, can understand every man in
his hifmour ; and if Dickens therefore moves within a restricted
range, it is only because genius itself is not, which only impotent
flattery proclaims it to be, omniscient.

»
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In his works we therefore find an extraordinary, but not an
absolutely exhaustive, variety of charact%"—'studles 1 wish to
speak rather of what we find, than of what®e do not find there;
and I will not therefore dwell on the #bsence of certain types
which it is strange to find all but unrepresented in the works of
the most popular of modern English writers. A simple reference
will suffice to the fact, that he never gives us the character which
to the minds of most modern Englishmen is the most acceptable
type of human worth—-the man of public spirit ; that he never
draws the positive to the negatxve ‘Which he so constantly satirises,
the Boundcrbus who burlesque civic virtue and the people *“ with a
small p,” who in the Circumlocution Office, and elsewhere,’ con-
descend to misgovern us. Again, it is remarkable that he who
beyond all qucstion was conscious of the infinite valuc of a single-
minded devotion to the claims of ait, who was ready to recognise its
elevating influence in others, and to sacrifice to it all secondary
views in his own career, should never have essayed the portrait of
an artist devoted to art for its own sake alone.

The reason of this seems to be, that Mr. Dickens's artistic sym-
pathy was limited to other types of virtue—types which I hay
possibly allow myself to call those of the private or domestic kind.
His sympathy with the affections of the hearth and the home knows
no bounds, and it is within this sphere that I confess I know of no
other writer—in poetry or prose, amoagst ourselves or other
nations—to compare to him. Where shall I begin and where end
in speaking of this side of his genius ? Who ever understood chi-
dren better than he? Other writers have wondered at themg¢ he
understands them,—the romance of their fun, the fun of their
romance, the nonsense in their ideas, and the ideas in their
nonsense., It was only the other day that I heard him read, in
the Free Trade Hall, a portion of one of his best Christmas
setials—ZBoots at the Holly Tree Inn—it is called—a story
of baby love which would have drewn smiles and tears from
Mr. Gradgrind, and which, as ® am here to testify, was recog-
nised on the spot as absolutely true to nature by a mother in the
gallery, whose sympathy T thought at the time would be too
much for Mr. Dickens himself. Who could picture better than he
that curious animal, the British boy? Why, he understood him in
every phase and under every aspect of his existence, whether he
was the pupil of Dr. Blimber's classical academy or of Mr. Fagin’s
establishment of technical education. Who, again, fathomed more
profoundly that sea whose dimples so often deceive us as to its
depth, the mind of a young girl? Again and again he has drawn
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that character in various types, inspiring in turns compassion,
love, reverence—from poor little Dora, who could not keep her
Davy’s house in ordeft but who could hold his pens for him when
her clever boy was writiflg his clever books, to Agnes in the same
story, the guardian angel of his better self; and, again, in the same
story, little Emily, so sweet and so fragile; and he has repeated it
with never-ending freshness and truth, down to his very last un-
finished tale, where Rosebud, who would not kiss Eddy because
her lips were sticky, was to be, the heroine of a tale of womans’
faithfulness to the end. ¢
But society, we know, is not made up of boys and girls ; and in
Mr. Dickens’s characters of men and women we must seek for his
most sustained efforts. Here again he moves within certain bounds.
The effects of passion upon character he has very generally pre-
ferred to depict on the backgreund of domestic life. The types
which he chiefly delights in reprodicing are accordingly those with
which most of us have opportunities enough of comparing ourselves
and our neighbours—our neighbours in particular, as the late Mr.
Thackeray would have observed. Avarice and prodigality, pride
ané humility, utter hypocrisy and a gushing openness to the
influence of the mément, philanthropy and misanthropy equally un-
bounded in degree. Jonas Chuzzlewit and Richard Carstone,
Mr. Dombey and Tom Pinch, Pecksniff and Micawber, the
Brothers Cheeryble und Quilp, are only among the illustra-
tions which start most readily fo every mind, but each of which
might be multiplied, in many cases multiplied almost a hundred
fold, from the works of the same author. Now, if we consider
these types, we shall, I think, find the reason of Mr. Dickens’s pre-
dilection for the representation of them. They are the favourite
growths of our own age and our own country. England is a
wealthy land, and as one in which there are great extremes of
wealth and poverty, is prolific both of misers and spendthrifts, for
there is so much money to «get, and there are so many ways of
spending it, that the temptation to the developement of either kind
of character is peculiarly strong ameng us. As an old, as well
as a rich country, England is specially favourable to the growth
of pride of #il-kinds; and the humility which has its root in
the conviction that a man’s duty lies in the station of life ta
which. ‘Providence has called him, is in itself, in part, at least
due to, the fixed order of classes which has taken root among us.
As a professedly, .and in some of its classes, traditionally re-
_Jigious comntunity, setting a high value upon the maintenance of
forms which are accounted among the best safeguards of the
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meaning which underlies them, we are frequently exposed on the
one hand to see the forms assumed without the contents, and on
the other peculiarly sensitive to that recklgssness of all restraint
which, in certain kinds of mind, is tl.e najural reaction against any
vigorous outward code of law. And, as in active exertion at least
we are the most philanthropic of nations, so we have always
numbered among us an excessive proportion of eccentrics tending
towards the other extreme; universal benevolence jostling as it
were in the streets' with sullen spleen. If this be so, it will not be
difficult to diccern why Dickens should not only perpetually dwell
upon these types, but should generally present them in a form
highly coloured and intensely marked. Let me take only a single
example. FHypocrisy is a vice so in vogue among us, it is so
inevitable a product of the greatest movement that ever pervaded ,
our people—the Puritan movement—that English litcrature teems
with representations of it from thé days of Queen Elizabeth down-
wards; from the days of Ben Jonson’s Volpone and Sheridan’s
Joseph Surface to those of Mr. Chadband, whose unctuous
countenance appeared to shine with the light of Terewth, but was
in reality only greasy from the continuous consumption of muffins,
and the 'umblest of the 'umble, Uriah Heep. ,Dickens alone has
furnished a whole gallery of English hypocrites; and in no class
of characters has he been at once more faithful to nature, ande
more careful of avoiding offence to the true while gibbetting the false.
"The masterpicce among them all is Mr® Pecksniff, all virtue and
shirt-collar, that “most exemplaty man, fuller of virtuous precept
than a copy-book,” whom his enemies likenec “to a directien-
post, which is always telling the way to a place, and hever
goes there.” What is so perfect abgut Mr. Pecksniff is his
consistency : this is the mark of the comsummate hypocrite, who
beginnifyy by deceiving othe.s with a purpose, ends by kecping up
the practice within his four walls, before his own children, and
almost to himself, till his hypocrisy becomes part of his being.
Such an one was Mr. Pecksniff," architect and surveyor, ‘ of
whose architectural doings nothing was clearly known, except
that he had never designed or built anything ; but it was generally
understood that his knowledge of the science was almost awful in
its profundity;” but who might certainly be said to be “a land
surveyor on a large scale, as an extensive prospect lay stretched
out before the windows of Mis house.” Mr. Pecksniff was so
successful because neither out in the wicked world, nor at home
with his daughters, Cherry and Merry, as they were fondly called
for Charity and Mercy, was he ever forgetful of his cue ; mnothing,
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from a piece of cold-blooded villany to a bowl of hot punch, could
take the hypocrisy out of him ; when he turned his most faithful
friend and servant opt of hls house, he waved his hands in an
attitude of blessing on the doorstep, and when he was so drunk that
his friends who had put him to bed could not keep him there, he
fluttered on the landing, calling upon those below : “ My friends!
let us improve our minds by mental enquiry and discussion. Let
us be moral. Let us contemplate existence.”

There was admirable artistic taste, as well as moral truth, in the
way in which Mr. Dickens contfasted the hateful vice of hypocrisy
with the virtue which he most excelled in describing—that of
simplicity, own sister to truthfylness, “onesty, and ncighbourly
goodwill. Mr. Dickens was never happier than when dwelling
upon such characters as Tom Pinch, or Trotty Veck, or Martha
Peggotty; here pathos and humour, which are, I think, but
different forms of the same thing, were indissolubly blended. And
he never erred by treating his characters in that patronising way
which otherhumourists have adopted: he never condescended to
them, ncver exhibited them to his readers with a benevolent smile
of patronage. Still less, I may take this opportunity of adding, was
he likely to fall inte that absurd fashion which is observable in some
popular novelists of the present day, who stand, or pretend to
stand, outside their own creations, who apostrophise their characters
with a “ Villain, why. djdst thou mar the peace of that innocent
family,” or “ Scoundrel, why didst thou bring thy father's grey
hmr:. with sorrow to the grave ”——to which the villain or scoundrel
in* qyestion, had they the opportunity of a reply, might fairly make
answer: ‘“Then, why did you make me do it?” No, Dickens
lives 7witk and 7z his characters; he neither plays with them, nor
with the effect which they produce

But I fear I must dwell no longer on this, the most remarkable
aspect of our great humourist’s genius, otherw1se I should have
liked to say something about the utterly odd and eccentric
characters which he of late in particular loved to introduce into
his works. With all the humour which they display—1I am thinking
of such characters as Mr. Quilp, the diabolic dwarf, and Miss
Mowcher, the benevolent pygmy, and a hundred more—w1th all
their fidelity to nature in her grotesque vagaries (for I believe they
are the ablest copies of all), they are studies of individuals only,
not of whole classe§ of men and women, and therefore less
interesting*to us. I should have liked, too, to have dwelt on
Dickens's pictures of the human mind in its decay, and to have
contrasted them with the more terrible but hardly more true
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characters of mad folk drawn by Shakspere himself. Bwt I must
pass on, for I have yet a few words to ‘say on the third and last
head of my general subject. )

As a novelist of manners Dickens is, in,his own sphere, without
an equal. In this direction he had his earliest successes ; and in
this direction his hand never lost its cunning. Even before
Pickwick was written, the Sketfches by Boz, had shown that
the life of our middle and lower classes, and more especially
the middle and lower classes of that great city where it displays
itself in the most multitudinoxs vasiety, of London, was the chosen
sphere for his inimitably faithful observation and inimitably faith-
ful reproduction. In Rickwick, he never left this ground; in
Oliver Twist he explored some of its darkest passages, and

was able to represent ihem at once with truth and with good -

taste.  In Nicholas Nicklehy he for the first time ventured upon
sketching the manners and custoris of what were intended not of
course as types of the aristocracy, but iz manners and customs were
supposed to be faithful portraitures. This attempt he afterwards
repeated in Dombey and Son, in Bleak Iouse, in Our Mutual
Friend, and elsewhere; but he never succeeded in produging
anything but caricatures. Why this shoulds have been so, I
will not pretend to determine; that it was so, is my deliberate
opinion. Even in the Mpystery of Edwin Drood he seems,
accidentally no doubt, to cnter into gompetition with a very
popular novelist of the present day, Mr. Anthony Trollope, as a
describer of clerical life. I don’¢ pretend to know in what way
Deans and Canons talk when they are at home; but I will vén-
ture to say they don’t talk in the way Mr. Dickens seends to
suppose. The truth is that there were limits which Dickens could
not pass with safety : there is nothing to be said on the subject
=xcept thit those limits in his case included a variety which is in one
sense infinite.  To a wonderful natural power, he added the most
constant habits of observation. It is known that he spent a certain
time of every day in walks, whether in the country or in London.
Thus he came to know not only the streets and the highroads, but
their denizens and their wanderers, as it were by heart. And I have
heard that when he undertook to describe any class ofmanners pecu-
liar and out of the way, be never failed to devote a special study
to it. In his stirring tale of Hard ZTimes, the terrible earnestness
of the narrative is relieved by th€ oddities of Mr. Sleary, the proprie-
tor of a circus, and of his colleagues. It is said that the wonderful
naturalness of these details was the result of a repeated actual
study of the manners and costumes not only in the ring, but outside
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it, of that peculiar profession. In his last story, the %:tny o
Edwin Drood, he describes with terrible accuracy, the force
of which is in no swmall measure due to its completeness, the
habits of the opium smokers in the slums of Rotherhithe. It is
said here, too, the habit of personal observation had gained him a
knowledge of a population whose very existence was unknown to
most of his fellow countrymen. But passing to more familiar
scenes, what can equal his destriptive power with regard to a wide
variety of classes of men and their surroundings. If there be.
among my hearers any who arecunaequainted with the delightful
papers of the Uncommercial Traveller let them turn to them as
aproof how Dickens had studied,and how well heknew the England,
merry and not metry, of our own day. To him the tramp, whom we
pass without notice in the street, was a living reality; he could
classify him with as much accuracy as the army list classifies a
soldier of a particular branch of the service ; and in the hostelry
where he paused for refreshment, the landlady and the waiter were
unconscygusly standing for their photographs.

This power of observation and description extended from human -
life to the brute creatcn, and again to inanimate objects of ever,.
kind and description. An American friend of his has published a
letter in which describing his return home to England in 1868, he
thus describes his reception—by his dogs :

“ As you ask me about the dogs, I will begin with them. .ihe two
Newfoundland dogs coming to meet me, with the usual carriage and
the usual driver, and beholding me-coming in my usual dress out of the
usaal door, it struck me that their recollection of my having been
abseat tor any unusual time was at once cancclled. They behaved
(they are both young dogs) exactly in their usual manner; running
behind the basket phaton as we trotted along, and litting their heads
to have their ears pulled—a special attentior which they receive from
no one else. But when I drove into the stable-yard, Linda (the St.
Bernard) was greatly excited, weeping profusely, and throwing herself
on her back that she might caress my foot with her great fore-paw:
M’s. little dog too, Mrs. Bouncer, barked in the greatest agitation, on
heing called down and asked ‘who is this ? tearing rourd and round
me like the dog in the Faust outlines.”

‘And as with men and animals, so with inanimate nature and
scenery, his power of observation was keenest at home. I do not
knéw whether there is any Londoner among my hearers ; if there
be . he will agree witlf me that the Thames 1s for ever associated in-
the mind of a reader of Dickens with his pictures of it from
Chelsea to Sheermess. I shall never forget how that river has on
magy occasions recalled passages from /s works to my mind;
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above all, how one morning, at break of dawn, finding myself by
accident in an out-of-the-way corner among the wharves by the
river side, and wondering what gave so familiar an aspect to the
strange surroundings, I remembered I had ‘seen the odd picture
before in Dickens. His sketches of foreign lands—both of men
and scenes—are far inferior, though I am aware of exceptions;
and for no other reason than this, that Dickens’s descriptive power
was the fruit of his humour, and that his humour sprang, as all
humour springs, from sympathy.

But it is time for me to draw tow conclusion. I have left much
.unsaid that I would have added, could I have ventured to trespass
further on your patience ; but I must say one thing more before I
close. I have not thought it necessary to vindicate before you
the right of the novel to b= considered a form of literature equal,
in the hands of a master, 1o any other. What seems more to the
purpose is to ask the question, to’what has Dickens owed the
mastery which he obtained over it? He owed it in no small degree
to the patient and indefatigable study which he devoted to his art—
to its materials as well as to its conditions. Of his studies of life
< have already spoken. There never wasa writer less ostentatinus
of his reading ; but I can see in his works many-traces of the fact
that he read much, and chiefly good books ; and we have it on
undoubted testimony that in writing he worked conscientiously and
hard. "Te owed it to the style which he perfected—I say perfected,
for if in his later works he was sometimes artificial in manner, in
his earliest he was comparatively rsugh. But primarily, and above
all, he owed it to that gifi of genius which no toil cun secure, thoug
neglect may fritter it away, or abuse pervert. For Dickens pos-
«iessed an hmagination unsurpassed, not only in vividness, but in

viftness. I have intentionally avoided all needless comparisons of
his works with those of other witers of his time, some of whom have
gone before him to their rest, while others survive to gladden the
idulness and relieve the monotony of our daily life. But in the
Yower of lis imagination—of this I am convinced—he surpassed
shem, one and all. That imagination could call up at will those
{sssociations which, could we but summon them in their full number,
¢ -euld bind together the human family, and make that expression
110 longer a name, but a living réality. The o¢ldest man has in his
"eart a corner where he is still a child; the youngest child has in
\is soul intimations of the impulses which, were he a man, would
roduce some of those actions which make up the history of human
fe. The veriest dullard, even he whose reason totters on the verge
. F imbecility, or lies encrusted in the slime of ignorance, at times
R
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catches a glimpse of the better existence in advance of him ; and
the man and woman whom we in our weak despair call lost, at
times look back to the purer and brighter moments they have left
behind them. Such gssociations as these sympathy alone can
warm into life, and imagination alone can at times discern. The
great humourist reveals them to everyone of us; and his genius
is indeed an inspiration from no human source, in that it enables
him to render this service to the brotherhood of mankind

But more than this. So marvellously has this earth become—
what assuredly Providence destined it to become—the inheritance
of mankind, that there is not a thing upon it, animate or inanimate,
with which, or with the likeness, of whieh, man’s mind has not come
into contact; least of all an object which the hands of men have
pruned or changed in substance or in aspect; with which human
feelings, human aspirations, human thoughts, have not acquired
an endless variety of single or subtle associations. The houses in
the streets, the church tower in the distance, the bells in' the
church tqwer, the chimes of those bells at morning and at
evening, te room at home, the board spread for the meal, the
kgttle singing and the cricket chirping on the hearth, the sun
shining, the wird blowing, the waggons rumbling, the trains
shrieking outside, all the sights and all the voices of the day and ot
the night,—they are to none of us sights and noises wholly without
meamngs, without met.pones, wlthout associations. These asso-
ciations also, which we imperfectly divine or carelessly pass by,
the imagination of genius distinctly reveals to us, and powerfully

‘Presses upon us. Where they appeal dlrect]y to the emotions

f“the heart, it is the power of pat/os which has awakened them ;
and where the suddenness, the unexpectedness, the apparent
oddity of the one by the side of the othcr, strike the mind with
irresistible force, it is the equally divine gift of Aumouy which has
touched the spring of laughter by the side of the spring of tears,

This is the power wielded by an imagination like that of the
great genius of whom we have spoken to-night. Do we then owe
him nothing beyond many pleasant hours which have refreshed us
after our day’s toil, and the memory of those hours which makes
us long to refurn to the spell of the kindly enchanter? We owe,’
him much more than this; for he who has made human nature*
and its surroundings speak to ns. and claim our sympathy for that
to which we shouly have otherwise remained half deaf and half
blind, has multiplied the richness o1 our existence, and has enabled :
us to hear with his ears and see with his eyes what our own were
too dull to hear and to see
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Modestly, as becomes a man speaking of the labour of his life,
Chailes Dickens once summed up the spirit, of his endeavours in
these words : “I felt an earnest and humbld desire, and shall do
dll I die, to increase the stock of harmless cheerfulness. 1 felt
that the world was not utterly to be despised ; that it was worthy
of living in for years.” Ves, this is the task which he set himself,
and the task which, by God’s blessing, it was given to him to per-
form. I have no right to judge of the moral purpose which under-
lay his efforts ; but I and yougandeevery reader of Dickens, is jus-
tified in estimating the cffects of what he has actually done.
Genius can accomplish magy things : it can inspire to great deeds,
it can fire the soul of a nation, i? can wing the ambition of the
young, it can transform hope into resolve, it can brighten despon-
dency and gild even decay. The genius of Dickens was not inca-
pable of some of these tasks, nor inactive in some of these directions.
But its own*bent: was to a dilferent end : that of making men feel
their brotherhood, and recognise in human life those elements which
among a thousand diversities of character and manners, are com-
mon to us all. This is why he deserved well of his country and,of
his kind. And thus we bid farewell to the memgqry which we have
dwelt upon to-night; but a farewell which is to be followed, I
trust, by many meetings with him, on' the part of all of us, in
those creations which he has left behind him. Wil you allow me
to end with words which are none the les€valuabie to me because
they were spoken by a dear fiiemd who was, as a boy, familiar
with Charles Dickens himself, and which are nore the less appro®
priate because they were originally spoken in a sacred place: ®
. “It has been the common remark during the past weck [the week
following upon Dickens’s death], that the loss of this writer has affected
socicty in asway quite peculiar , that everyone who knew his works—
and who does not—has felt a shock of pain, as if a personal tie between
himself and a near and dear friend had been suddenly snapped. And
the fact is strange and full of instruction. The hundred distinct
characters which his imagination ¢rgated, and which are as real to us
as if they walked in flesh and blood, remain. They have not died with
him. We do not mourn fur #4em. He made us laugh and weep when
hegwilled ; but that power has been wielded by many ag inferior man.
No! He made us more tolerant and charitable and hopeful ; he
helped to kecp the heart of society tender and impressible ; he loved
women and children, and the pogr; he loathed the bigot and the
fanatic, but never sneered at those who taught humbly and unobtru-
sively the message of religion ; and thus he won a place in the hearts
.of all who spoke his tongue; and how firmly he had become rooted

_there, was known to many for the first time when they learned that
. 'his work was done.”
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NATURAL HISTORY OF PAVING STONES.

A LECTURE

PROFESSOR WILLIAMSON, F.R.S.,

Delivered wn the Hulme Town Ifall, Manchester, February 1, 1871.

Dr. Rosgpe, who presided, said:—I have great pleasure in
re-opening the series of ‘“Science Lectures for the People ;” and
I tave the more pleasure because my friend Professor Williamson
has consented td deliver the first lecture. I am afraid that the
title he has chosen has given some peoplec the idea that it would
be a dry lecture. I know, however, that all those who are present
will not only not regret that they have heard the lecturer, but
will feel sorry that they did not bring their friends with them; for,
like the giant in the story, Proiessor Williamson will extract for us
interest and benefit cven from paving stones.

Professor WiLriamsoN said :—Tadies and Gentlemen,—When,
some century and a half ago, the first excavations were made into
the lava masses that covered the ancieni city of Pompeii, it was
discovered that the streets of the city had been paved with
blocks of lava from the adjoining mountain Vesuvius. You
have probably all heard of Macaulay’s apochryphal New
Zealander, who, in some future age, when England has passed
its zenith, and is once more become a desolate wilderness, is
to sit upon one of the broken arches of London Bridge to sketch
the ruins ef St. Paul's. And if that topographer of ®he
future, when he accomplishes the task that the brilliant essayist
assigned to him, visits the city which tradition indicates as
having been the ancient seat of manufactures in this part of the
country—I mean the city of Manchester—he, if he has assistants
with him and should make similar explorations in the streets of
this city, will have to record the same fact that has been recorded
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ofancient Pompeil. Unexpected as thedact may be even to you,
he will have to announce that the streets of the city were chiefly
paved with lava from an adjoining mountai

Now before I demonstrate this apparently paradoxical statement,
I must call your attention to the fact, which probably most of you
know already. that there are two very different kinds of rocks
found in the interior of the globe. There are, first, those that have
been produced by volcanic fire—lavas—of an endless variety of
sorts. There are, secondly, what are called the stratified rocks, that
have been produced by the action of water. If you see a
muddy pool depositing layer after layer of mud, and if when this
mud subsequently becomes dried up, you proceed to examine the
muddy deposit, you will find that 1t is arranged in layers, Now
this deposit is on a smell scale an epitome or picture of what is
taking place on a gigantic scale in lakes and seas throughout the
entire world. Every part of the®world has been under water at
one time or another; and the deposits that have been produced
during countless ages have given us what we call the “stratified
rocks.” But you will probably like to have a proof of everything
that is said from this platform. You may ask—How do you kpow
that these deposits have been formed by water R

I wont dwell upon the subject ; I will merely say that where we
find oysters and musscls, and cockles, and crabs, and lobsters, wes
are pretty safe in affirming that the depgsits which enclose the
remains of those marine creatures mist have heen tormed some-
where in the neighbourhood of the place where these marine
creatures lived. And so the marine remains of fossils that we
find in these rocks clearly testify to the fact that the roc®s in
question were formed by watery agency and under water. DBut
you say, in the second place, even supposing we accept that proot
as satisfactory, what evidence have you to give us that the other
rocks were formed by fire? As this will be the special subject of a
portion of my lecture to-night, we will take a little more trouble
to demonstrate this fact to you, and make it plain.

The first photograph that I will show you is one from a drawing
in a work recently published by Professor Silvestri, a work in
Which he gives an account of the changes that hgve taken place
during the last few years through the cruptions of Mount Etna. Here
you have a view of the summit of Etna ; the central peak is here.
I need scarcely tell you that you! are looking down upon it as'if from
one of the balloon posts, about which we have heard so much latterly.
All these round knobs that stand out so numerously and so promi-
nently are so many craters that from time to time have burst
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through that mountain® There are hundreds of these craters,
and a large number of them constitute even decent-sized
volcanic mountains, f:icattered round the slopes of Mount Etna.
Then these large black spaces, to which I would particularly call
your attention, are areas where the lava has burst through some
of these craters. Of course it has filled up the crater through
which it flowed; but, in addition to filling the crater, it has
overflowed its summit, and spread itself out in broad tablelike
areas over the sides of the mountain, and over the surrounding
plains. Now, we have here afi illfstration of the kind of thing
that these volcanic mountains exhibit. You may be somewhat
surprised if I tell 'you that those sfopes of° Mount Etna are
scarcely more pierced by craters and encompassed by deposits
of lava than Wales is, in our own immediate neighbourhood.
‘There has been a time when, Wales was almost as much dis-
turbed by volcanic fires as Sicily is now. If you werc to take a
geological map of Wales, you would see that it is studded all over
and 1n egery direction with little red spots. Those little red
patches are colours employed by gcologists to indicate masses of
aneient lava. Wales abounds in these masses.  We find them on
every hand, and it is to some of them, in the first place, that
I shall have to call your attention to-night. I will show you
a section of a part of Wales where we have volcanic rocks, and
stratified or aqueous rocks, side by side, or rather, the one within
the other. A section, you will understand, is that which you
would have if I were to cut a Dutch cheese in two, and show
ybu_the cut side of it. If the Dutch cheese had happened to
have been made of layers, piled upon one another like a pile of
sandwiches, you would then have the edges of the layers revealed
to view. But here, instead of sandwiches, we have g series ot
layers of stratified rocks; and, in the middle of them we have
a great mass of volcanic lava. This is a mass of ancient lava
from one of the Welsh mountains, with an unpronounceable name.
I dare not venture to utter it., I should only fail; because, as.
you know, it is not easy to say which are consonants and which
are vowels in tite Welsh language, unless one is trained to it,”
which I was net. These are slate rocks. You will observe they
are arranged in sloping layers, but these layers were ‘originally
horizgatal. ‘The reason why they slope upwards is that the vol-
canic fires which accompanied the outburst of this lava mass has
driven up.these stratified rocks, tearing them asunder, whilst
the lava h¥s-forced its way through. We have several reasons for
affirming that this lava was once fluid. You will observe that the
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lava has not only broken through these stratified rocks, but flowed
upwards and downwards in all directions, filling cracks and
crevices, which would not have happened had this lava not been
fluid. Before I give you another sectiog Illustrating to you this
action, let me show you a section of Snowdon itself, cut in two.
You shall also see the summit of Snowdon, which a kind friend
who is in the room has brought to us. Then we have here a
section of Snowdon. Herg you have the extreme summit of
Snowdon—the point to which many of you probably have been.
You will observe that theresare several series of rocks following
each other. Now what, in the first place, are thebe purple-
coloured layers at the lmse? (The colours are merely conven-
tional, for the purposes ot the diagram.) They are beds of
slate rocks. These yellow-tinged parts above thcmn represent
enormous masses of lava. Now, this mass of lava was once
continuous over many miles of district. The reason why it
is now isolated is this: after spreading over many miles of
district, it has been subjected to the action of currents of
water when the whole was under the sea. These water cur-
rents have scooped out deep valleys, and swept away an igcal.
culable number of square miles of solid materials. Parts of
Wales that were once thousands of feet higher than they are at
the present day, have been completely cleared away by thise
watery action—by what is technically called * denudation.” This
accounts for the interrupted character®of these masses of deposit.
The summit of the mountain is*a mass of volcanic product, not
lava, but ashes. It would appear as if the volcanic outbreak
which had covered this part of the country with this peculiar®kind
of volcanic rock, had been followed by some outburst such as you
meet with in volcanoes of the present day, in which an enormous
quantity® of volcanic ash has been deposited; and some of
what escaped removal by denudation now constitutes the
extreme peak of Snowdon., The next picture will show the
peak of Snowdon as it now js. The difference between the
present and the past is very considerable. I do not mean to
say that the cairn is a wolcanic peak ; it is not; but the mate-
rial upon which the wonderful cairn is erected ig volcanic; it is
made up entirely of volcanic ash. So that we have in Snowdon.
three distinct masses of material—the volcanic ash at the top ; a
mass of lava in the middle ; afd the waterflerived slate rocks at
the base. In the diagram I showed you just now, you saw a
broad red band crossing the picture obliquely. Now this band is
another kind of volcanic rock, and of more modern date than the
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others. You ask, “How do we know that?” Well, I think we may
safely venture to say that that which goes through another thing,
has come there subsequent to the time when that which it penetrates
first existed. These rocksg, you perceive,have been already deposited
when some huge volcanic crack has been formed in them, and
volcanic material has come up and filled that crack. Here we
have evidence of successive outbreaks of volcanic action. Now I
will show you the proof that this volcanic action was accompanied
by heat. I think I have said enough to show that this material
must have been fluid. The reasons why we conclude that that
fluid must have been in a heated state like lava, are these. In
the first place, wherever the lava has wome in contact with any
other kind of rock, it has entirely altered the character of . that
rock. If it has come in contact with coal, it has burned that coal
into cinders ; if it has come into contact with limestone, it has
burned that limestone into marble; and if it has come into con-
tact with slates, it has altogether altered the character of those
slates, and given them a different appearance. I will show you
an instanceyproving this point. The picture that I am now going
to exhibit to you is a section of another part of Wales, derived, as
most of these sections are, from the very able report on the
Geology of Wales by Professor Ramsay, and which was published
*in the Memoirs of the Geological Survey of England.

Here we have a scrigs of slate rocks with a dyke of lava
running through them. Here is a fragment of slate torn off from
these rocks and embedded in tne lava. You will observe that
tht appearance of the slate immediately above and below
the Yava is altogether altered. The difference is this—one
portion of the slate cleaves easily into roofing slates; but the
layer in immediate contact with the lava has been so altered by
that contact that it refuses to be so cloven. Now you have here
a clear proof that the contact of the lava with the stratified or
aqueous rocks has made an entire change in the structure of those
rocks; and we know from examination that all these changes,
wherever we find them, are precisely the phenomena that would
result if the same rocks were exposed to the action of heat.

The next poigt that I will speak of is the more special subject of
the lecture to-night. I am going to tell you about paving stones.
As Professor Roscoe has intimated to you, it is a somewhat
unproniising subject ;* and I confess I was rather disposed to
approach it with a little fear and trembling. In Manchester, as
T learn from our friend Mr. Stott, who has charge of this depart-
ment, we use different kinds of stones for paving. I have here



265

three stones of one kind, and several stones of another kind.
Before going into details, I must remind you that we have in
' Manchester an ancient civilisation and a mpodern civilisation. If
you go along the back streets cf Ancoats and other parts
of the town, it will be dcsirable, especially if the day be wet, to
take care to have thick shoecs, because walking in thin shoes
on the rounded boulder stones with which those older streets are
paved is somewhat uncomfortable work. DBut our civilisation has
made our more modern streets very different.  You know that
they are paved with those® squire stones which I think are
technically call “sets,” stones which make a magnificient paving.
The only complaint we Ifcar abeut them is when our authorities
do not supply the strects with quite sufficicnt water, and then the
gentry who ride their horses or drive their carriages are a little
disposed quietly to compuain. But this is only one very insignificant
feature of these stoncs. It is true they are apt to become a little
slippery in dry weather ; but on the other hand, they are exceed-
ingly durable, and being durable they are eminently fitted for the
purpose of the tax-payer, whatever they may be for the equestrian,
I learn from Mr. Stott that we obtamn these “sets” from three
localities. Here is one stone that is obtained frem Penmaenmawr.
Here is another stone that has been obtained from the Clee
Hills in Shropshire; and here is a third stone that is obtained®
from a part of Carnarvonshire, from the peighbourhood of a place
they call Glynnog. What are the rocks at these three localtics?
The Penmaenmawr and the Cle& Hill stones arc very similar in
their essential qualities ; they are lavas, closely allied to the forihs
we commonly call basalts and greenstones. I wont enter intd the
minute distinctions of these stones. I am not about to bewilder
you by the wonderful chemical formulee that my friefgd behind me
(Dr. Roscoe) could favour you with, in describing the chemical
composition of these stones ; that would be out of my reach and
line. Neither will I trouble you much with minute distinctions
between one kind of basalt agd another. There is an endless
series of these distinctions that would perplex any philosopher to
define, and it would perplex him still more to identify all the
varieties when he saw them. All I have to do withghem to-night is
to say that there are many kinds of lava, whether we choose to call
them basalts or greenstones, or felspars or porphyries, or by anyother
of those mineralogical names whichare employ®d todistinguish them.
Put we can draw a broad distinction between basalts, an ancient
kind of .lava, and granites, which are also an ancient kind of lava,
buta verydifferent one. Let us seé what this Penmaenmawr stone is.
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It is a lava very similar in its essential composition to the lavas of
modern times. Let us see what sort of appearance these rocks
present as seen in a })Imtograph. I have here two photographs
of Penmaenmawr, a place that probably many of you have visited.
One is a view from thd north side, and the other a similar view
from the south side. Here you have Penmaenmawr as it appears
from the south side.

You observe that we have here a sloping plain. Now this plain
consists chiefly of stratified rocks of various kinds. But you notice
that Penmaenmawr is a huge xocky mass that rises up out of the
plains—a huge boss. Now, let us see the other side of Penmaen-
mawr. When viewed from the oPposite,,side, it presents precisely
the same features as before. Ilere you have Penmaenmawr as seen
from the village itself. You observe that from this side, you again
have a large plain, made up of stratified rocks, with this immense
boss of lava that has becn forced through from below. The section
I am about to show you is from the very heart of a mountain
called Mynydd-maior. It consists of substantially the same rocks
as Penmaegmawr. Now notice the stratified rocks. They have
been thrown into almost vertical positions by the outburst of this
lav. When the denuding currents have swept over that country—
as I have told you they have done, again and again, through
.countless ages—they have removed all those portions of the rocks
that wor2 softer than others; they have yiclded to the action of
the water, whilst the hirder rocks have resisted it.  Now this lava
being harder than the stratified rocks, has resisted that action;
agd, therefore, it stands out like a huge boss from the
surreunding plain, precisely in the same way that wé have seen
that Penmaenmawr stands out from the plain surrounding it.
It is simply because this crystaline lava is very much haider than
the rocks aromnd it that it stands in this fashion; it har resisted
the denuding action ; the other rocks have yielded to that action.
Here then we have a clear illustration of the nature of the rock
of which Penmaenmawr consists, and which we are using to a
very considerable extent for the’ purpose of paving the streets of
Manchester. We will now leave Penmaenmawr.

Let us next sce what we have got in the Brown Clee Hills. Mr.
Stott informs ifie that the Clee Hills stone will serve our purpose
better than the Penmaenmawr stone. He believes it to be a
harder'stone. But when we examgine the conditions under which
it was formed, we discover that it is substantially the same
%ﬁ we have had before. Here you have a section of the Clee

At the base we have a limestone, similar to that which



267

you have in the hilly districts of Derbyshire. Then we have
here the millstone grit—that coarse grit—stone found in the
hills behind Oldham and Rochdale. Then, at the upper part, we
have a coal field, furnished with seams of cbal like those that we
find in this neighbourhood. But this red band running up through
the centre of the section, and overflowing right and left, is really
lava, very similar to what we have seen at Penmaenmawr, a
crystaline basalt, which is spread out over a very considerable area,
forming an exteusive moorland district; and "it is from this
district that this Clee Hill basalt is now being brought to
Manchester. Thus we see that the phenomena attending the
formation of this Clee Uill basalt are precisely the same in all
essential features as those that have atiended the formation of the
basalts in Wales.

We have now to look at the third stone. VYou are all more or
less familiar with the name of grenite. Granite has unquestion-
ably been an ancient lava; but it has been rather different
from modern lavas in a variety of secondary circumstances.
We see very clearly, first from its composition, and second
from its microscopic structure, that it has not been formed under
the same conditions as the ancient lavas with which we are
familiar. The probability is that it has been formed under
greater pressure. Whether that pressure has taken place deep ine
the interior of the earth, or whether it has taken place, as some
suppose, under a deep ocean, we heve® fo means of knowing.
But there are many minor and secondary featurcs about it which
indicate that the conditions which make granite different fram
other stonés, have resulted from an emormous pressure. » But
then we have two kinds of granite., Common granite is made
up of three minerals, known by the respective names of quartz,
mica, and felspar. But the particular variety which I hold in
my hand, is that known by the name of syenite; and it differs
from other granite inasmuch as the mica of ordinary granite is
replaced by the crystals called hornblende. This is not a matter
of any very great consequence to us, except for this reason, that
the hornblende being somewhat harder than mica, we may fairly
expect that the syenite may give us a harder paving stone than
the ordinary granite. We will see what this syenite®is like when at
home. Here is a section which exhibits to us the locality from
which this syenite is obtained. dn it we again observe that we have
the stratified rocks thrown upon end. The fact is, these stratified
rocks, in Wales, as elsewhere, have been twisted and twined
about almost as easily as you could twist and twine about
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layers of cloth or brown paper. The forces with which nature
has altered the conditions of these strata, have been so gigantic
that any resistance these rocks could afford has amounted to very
little indeed. This syenite, you observe, presents itself to us
under precisely similar ¢onditions to those we have seen in the
case of basalt. It comes up from below, fillirg a huge crack;
and if we examine the sides of the crack we shall discover that the
heat of the fluid mass of syenite has altered the rocks, just as the
Dbasalts and other lavas altered the stratified rocks.

We will now leave these, “sgts” and examine an alto-
gether different branch of our subject. We must turn to
the ancient Manchester paving‘E and ,this brings us to the
boulder stones. We have to take into consideration two or
three circumstances in connection with these Dboulder stones.
I am informed by Mr. Stott, that in the olden time, when
we were in the habit of imperting boulder stones for all the
streets of Manchester, they were chiefly brought from the
sea coast of Cumberland. If you go to the sea coast, either
of Cumbeyand, or of any other land, you will find that it is
frequently made up of rounded stones, anything but agreeable
to walk upon; almpst worse, if possible, than the rounded stones
with which your older streets are paved. You might he disposed to
¢imagine that all these rounded boulder stones had tumbled down
from the cliffs above, and simply been rounded by the action of the
water, by the waves bedtiftg upon them year after year and century
after century. And in the case of many of these bLoulders you
would undoubtedly be right in so surmising. I don’t know much
abo®t the Cumberland coast, but I could take you to the York-
shire coast, about which T do know something, and could show
you there preciscly similar phenomena to those which appear on
the Cumberland coast; and we have every reason to suppose that
the essential conditions are pretty much the same in the two
localities. When we visit these coasts, whilst we discover a large
number of rounded stones derived from rocks forming the ad-
jacent cliffs, we also discover nfixed up with them a very large
number of stones that are not to be foynd iz situ, as we call it,
that is in their natural position, witkin miles from us. Here,
then, we clearly have to seck out some agent that has assisted the
sea. There has evidently been some other power at work that
has brought boulderstones to that Cumberland coast that were
not there originally, and that were not derived from the strata
of the adjoining clifis. =~ We find there granites and lavas,
and an endless variety of other rocks that were not originally
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derived from the Cumberland hills at all ; they have been imported
into that district and subsequently re-imported from that district to
Manchester. Now whence have these other stones come ? It will
simplify the matter, as the Irish song sayd “altogether entirely,”
if we call your attention to a Manchester brickfield. You may
ask, what on earth can a Manchester brickfield have to do with
Cumberland boulders and the paving of Manchester streets?
More than you would imagine at first sight. 1f I take a walk with
you to a Manchester brickfield, we shall discover that we are
most interested in preciscly shat part of the field that will be the
greatest abomination to the brickmaker. The brickmaker likes
the nice, smooth, soft clay, withput ary stones in it, which to the
geologist is about as stupid a part of the ficld as he could have.
The geologist, on the other hand, likes to find a place that is full ,
of gravel and sand, and huge boulder stones of cvery shape, and
sort, and sizc—the very abomination of the brickmaker. I have
here certain boulder stones that were taken from a Manchester
brickficld. What have I in my hand? A block of granite, which
I carried painfully and laboriously one day from a brickfield in the
neighbourhood of Ladybarn. It is a mass of granite, rounded just
like the rocks on the Cumberland coast. That granite has"een
transported from a considerable distance, because we have no
granites ncarer than Cumberland. The nearest granite we have o
this locality is that of Shap Fell, in Cumberland.  The granite from
Shap Fell is a veryremarkable granite frém'the large cr ysmls of flesh
colour which distinguish it. I have erc from this same brick-yard,a
piece of Shap Fell granite. Why, 1 could swear to this picce ot
granite all the world over, as a man would swear to the faceeof his
own wife whercver he met with her.  The features of it are so
remarkgble that you could not mistake it, if you knew what Shap
Fell granite was. Now th’s Shap Fell granite, rounded and water-
worn, has been brought to a Manchester brick-yard. How has it
got there? I have here another boulder. ‘I'here is nothing par-
ticular about the appearance of this boulder, except that it 1s a
piece of limestone that never “’grow’d ”—if I may apply Topsy’s
word—in the neighbourhood of Manchester. It, like these other
stones, has been brought to Manchester from a distance.  But it
tells me another story. It has another tale to record. I see that
this surface is grooved, as if covered with the marks of a file. I
turn’it round to the other side} and 1 see that it is filed and grooved
in like manner; but these grooves are not parallel with the former
grooves. Here is a secord flat face. Itis very evident that in some
way hoth these faces have had a good scrubbing, that has involved
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something more than a mere washing of the face. I dare say we have
some keen reminisences of the sort of scrubbing we used to get from
the nurse’s hands with rough coarse towels; but that is nothing
compared with the scxabbing these stones must have had.
There has heen an action which has flattened that su.face
and grooved it at the same time. We want some agency
that will do all these things together. You will remember that
when my friend Professor Huxley lectured here at the beginning
of this scrics of lectures, he pointed out to you in a very clear and
prominent manner, how absolfitely” necessary it was that any
theory that was propounded to explain a multitude of phenomena
should “go upon all fours;” that is, it must be equal to the
explanation of all the several isolated and detached facts that the
theory is intended to explain. Now we want a theory that will
. explain all these things. We want a theory that will mix together
rocks of all kinds, that will mix them up with clays and with sands,
and with an endlessly varied set of materials. We want a theory
that will make some of these rocks round and grooved and
* streaked. We want a theory that will explain why some rocks
thatewre transported are as angular and as sharp as this specimen.
In order to give yoa such a theory, I shall have to carry you half
way across Europe. T will begin by taking you to Switzerland,
fnd if you have as pleasant a woyage thither to-night as I had
some months ago, I shall ¢nvy you the repetition of my enjoyment.
Here is a photograph I took in one of the lovelicst scenes in all
Switzerland. Here you have the® Mer de Glace, that great stream
of 9c¢ which. has been cclebrated in almost all ages as one of the
loveliest spots in Switzerland. The Mer de Glace belongs to that
range of mountains of which the peak of Mont Blanc is the centre,
and it is only a few miles away from that great mountain. ‘This
is a glacier. What do we mean by that? Those mountains which
you see on all sides of the glacier are within the limits of perpetual
snow ; summer and winter, wherever there is a ledge upon which
the snow can rest, it remains unmejted. This accumulation of the
snow would in time entirely hide and bury the mountains, unless
nature had provided some way for getting ril of the surplus. She has
provided such agvay. The pressure of the snowy mass on the upper
parts, forces the lower snow down into the valleys. Then that
snow, partly under the influence of the intense cold, and partly
under the influence of the pressute to which the particle¥ are
subjected, becomes re-frozen, becomes consolidated, not into
snow, but into a mass of solid ice; and by a wonderful series of
changes, which my time will not allow me to explain, this icy mass
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flows down the valleys of these alpine mountains, fitting itself to
the various curves, to the widenings and narrowings of these valleys,
almost as if it were a fluid. Indeed, so wondecrful has been this
peculiar power of the ice to adant itgcli’ to the shape of the
valleys, that the late Professor James Forbes, of Edinburgh,
arrived at the conclusion that ice, hard as it appears to be when
you are skating over it, must have possessed a certain property of
viscosity, a certain kind of fluidity, which enabled it to adapt itself
to the various contours of the valley. Professor Tyndal, however,
has given us a better explanatiorr. Tle shows us that this down-
ward steady movement is really accompanicd by a crushing
process, instantaneously followeq In cach atom by what he calls
re-gelation, which means in plain English, freezing over again.
The point we have to deal with is not this re-gclation. We may
take the movement of the glacier as an accepted lact. These
glaciers move from the higher valleys into the lower ones at a
very slow pace, but one which is capable of being measured.  But
what takes place as they do so? These magnificent mountain
peaks, composed in this instance chiefly of granite, are being
continually disintegrated by the cold of winter, by the fain,
storms, and various atmospheric agencies that 3ffect the surface of
the globe. Huge fragments come tumbling down from above, and
of course these fragments fall from, the ice. You will sce running
along here a hand of rubbish that has fallen from above. You
will see along here another band of fubbish that las fullen from
above on the opposite side. The next photograph is one I took
of the same spot, in the immediate neighbonrhood of whateis
called the moraine, or, in other words, this band of rubbish, #ere
you have the mountain slopes that we.descended. We crossed
over these huge rocks. Here you see theice-slope which we had to
climb in%rder to get upon the glacier. You sec here what kind
of materials the moraire consists of. The wholc of this mass of
rubbish is resting, not upon ‘the ground, but upon the ice,
so that, as the ice moves, it carries all these rocks along
with it, just as easily as you Would carry your hat upon your
head, and if it is one of the chimney-pot hats, I venture to say
an enormous deal more easily ! This is what is called a lateral
moraine, one running down each side of the glacier. There
are other moraines. The next photograph that 1 will show you is
from sanother glacier in the €hamouny valley—another of the
Mont Blanc glaciers—but it shows a different part of the glacier.
This is a very instructive picture to those who have not visited the
real scene.. Here is the lowermost part of the ice ; here is the
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cavern from which the water issues—there is always a torrent of
water rushing down —and here we have what is called the terminal
moraine. You will understand that when these masses of ice come
down fromthe cold valfcys above into the warm valleys below, the ice
necessarily melts. Were it otherwise, those splendid scenes would
become simply one sheet of polar ice. It mclts, but the stones
that it carries wont melt ; consequently they have to stay there.
As the ice melts, these stones drop down ; and here you might
almost imagine that you see them in the very act of dropping.
These are stones that must have fa'len almost the very day that
I was there. Here is a glacier covered with ice; here are all
the stones that form the moraine; here is the melting ice breaking
off in blocks; and, as the ice breaks off and melts, the stones that
break off with it tumble down as you see here.  Now, you observe
that in this way we have brought down to the lower valleys
enormous quantities of material that lately had their home on the
peaks of the mountains and in the valleys above. In this way we
see that the glaciers not only receive from the mountains on each
side immapsce masscs of rock, but that they carry these masses of
rock along with them down to the lower valleys. ‘Lhere is no
doubt whatever that a very large quantity of material that we now
find spread over the surface of the globe has been conveyed in
this way.

But this alone would not account for the phenomena of our
Manchester brickfields. © We want something more. We have
evidence clear as the sun at noonday, that the material of which our
Manchester brick ficlds, and the brick-clays over a great part of the
worl are similarly composed, have been brought thither by water.
They have been deposited under water. We frequently find sea
shells in them. We have the clearest evidence, I repeat, that
these remains have been accumulated under the sea.  nless we
can bring our glaciers in some way into contact with the ocean, our
theory will not fulfil Professor Huxley’s requisition—it wont ““go
upon all fours.” Let us see if we can find proof of that contact.

We will now transfer ourselves iffom Switzerland to Siith’s Sound,
in the Polar regions. Here is a drawing, I have copied from one
of Dr. Kane's sketches. Here you have what is intended for the
sca.. If you saw it in daylight, it would be a proper sea green.
Here you have the rocks and lofty cliffs that surround the part of
the country in whiclr the phenomena I am about to explain exist.
In the extreme winter these masses of ice extend right across the
Sound, from side to side. As the summer approaches, the central
ice breaks ‘tp speedily, and floats away ; but long belts of ice
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hold their ground around the coast for a considerable part of the
vear, and sometimes they fuil to break away from one season to
another. Now these blocks, or masses of ice, technically called
“ice belts”—because they belt round the goast—receive masses
of rock in precisely the same way ws thes glacicrs did in Switzer-
land. Thus we sce that these blocks of ice would carry away with
them Dlocks of stone, if any circumstances occurred to detach the
ice from the land.  The detachments take place perpetually, and
they carry away with them these blocks floating upon their surfacc.
They are hugh ice-rafts, which sail southwards, impelled by Arctic
currents.  But this is notf all® We have some glaciers in
these polar regions, of precisely the same nature as those
of Switzerland; but, iflstead of the polar glaciers being com-
paratively diminutive— a quarter, or half a mile across—the great
Humboldt glacier is 5o miles across, from one side to the other,
and yct that Tlumboldt glacier, w]nch comes right down into the
sca, is bringing stones along with it in precisely the same
way as the other glaciers. Now with such prodigious masses ot
stone-covered ice as this existing in the northern seas, you will
not wonder that from time to time icebergs of the most gigantic
size are met with, floating out of those northern bays and straits.
Remember that what are called icebergs are mercly either frag-
ments of this belt of ice of these Arctic glacicrs broken away, ory
portions of ‘that huge mass of ice which in winter covers the”
whole of those regions—when you see shat thesc ice formations
exist on so gigantic a scale, you w1]l not wonder that iccbergs are
met with in these seas, sometimecs a mile in extent. If you
rcalise that, when you have an iceberg of this size, it floats with its
summits two hundred or three hundred feet above the sea, and
that it sinks below the water, some six or eight times its
elevation, I think you will readily understand how that floating
raft would be able to carry a very considerable slice of Penmaen-
mawr upon its surface! I have here a picture of oneof these
floating rafts copied from Dr. Kane's book. I have represented
it as well as I could. Here youhave the ice, which has upamits
surface huge blocks of solid rock. This was sketched by Dr.
Kane as he saw it floatihg away into the southern regions. It
is an exaggerated cxample; we do not usually see the rocks so
huge in proportion to the size of the raft, but it will give you
an idca of the kind of transporting power that these ice rafts have.

Now let us see how all this applies fo English scenery.
I have told you that the glacier moves steadily down the
valley. Yon saw from the diagram that the glacier is cut up by
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deep fissures, called crevasses, that go down frequently to its very
bottom. The stones that appear upon the surface of the glacier
fall into thesc crevasses, and at the bottom they become entangled
in considerable numbers in the solid ice.  Many of them are an-
gular. DBut you will also understand that if that vast mass of ice,
filled with stones, is moving steadily downward over the rocks of
which that valley consists, those stones will act like the teeth
of a huge rasp ; that they will plough, just in proportion to their
size and sharpness and hardness, deep grooves in the rocks along
which the ice is travelling.  The stones themselves, being imbedded
firmly in the ice, will scratch an'd scour over the rocks over
which they move ; and this is precisely what we find that they do.
Sometimes the ice retreats, leavitg behiidthe smooth and polished
rocks, over whichit formerly travelled ; the changes of the seasons
frequently lead to its doing so; the glaciers not unfrequently
recede up the valleys in hot scasons and come down again in
cold ones. When the ice recedes we see that the rocks are scored
and grooved and polished in the way we should expect them to be.
But if thgy receive this rough sort of treatment, what might we
expect to be the result upon the tecth of the rasp? Workmen
kn&w perfectly well that when they use their files upon hard
metal the angles get worn off. It has been so here  We vcould
readily understand that if this stone was embedded in the
ice, and formed one the tecth of our great Arctic rasp, that ite
surface might well - be flattened and grooved with longitu-
dinal grooves. Ierc, then, we have an agent capable of producing
grooves. ‘Then, if these iccbergs float upon the ocean, carrying
rocks with them, they will travel southwards, carried by currents,
and, as they come into warmer regions, they will share the fate of
the Alpine glacier. Floating upon the sca does not save them;
they melt little by little, and as they mclt ihe rubbish that they are
supporting falls to the ground. ‘The fact is, we have here a grand
Arctic Limited Liability Carriage Company ! and it is one in whicly
the liabilities, in a financial sense, ate at a minimum and exceed
ingly small, whilst thg transporting power is at its maximur, or
exceedingly great.  If we were sharcholders in a limited liability
company, these would be just the results that we should like to
attain to if wecould. Inasmuch as the floating rafts cost nothing,
it is'of no consequcnce to the company that they melt, and that
whatever they carry goes to the sea bottom If they were
bringing our trunks from the Arctic regions, we should find out
the differenge between them and a good old wooden ship. But
they melt, and whaiever they sustain, trunks or stones, goes to
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the bottom. The result is that large portions of the sea bed
are being strewed over with blocks of stones—angular blocks,
rounded blocks, sand, rubbish : every conceivable kind of produce
that those northern mountains furnish is*being gradually brought
southward, and scattered over the bed of the Atlantic at the
present day. And precisely similar phenomena were taking
place during onc of the latest of the geological periods when
nearly the whole of our island was under the sea. There was
a time, comparatively recenf, geplogically speaking, when our
wsland? was under the sea, but when the mountains of Wales and
Scotland stood out like iglets from the Arctic ocean. The great
vallevs of Snowdon were filled *with these glaciers. If you go
up the Pass of Llanberis, you will sce on every hand the indica-
tions of the fact in the rounded rocks, and in their scored surfaces,
that abound on cach side of the yoad. A little above the village
you see them beantifully exhibited ; and in the same way, through-
out in the district of which Snowdon is the centre, you have these
indications of glacial action so numerous and so clear, that not a
shadow of a doubt remains that the Snowdonian valleys, as well as
the valleys of Cumberland and Scotland were, at the time of wifich
I am speaking, filled with 1ce glaciers. Now 4ll these glacicrs—
along with others coming from hundreds not to say thousands ofe
miles away, as well as from mountains in the immediate heigh-
bourhood—brought their produce o %ht same bed of the
ocean, and as it was all tumbleqd down into one common mass,
you find matenals in the shape of mud and sand as well as
coarser materials, including both rounded and angular bloeks,
accumulated in the same sea bed. Now [ think you will see that I
have brought before you an explanation that fully accounts for
the miscchlancous kind of admixtures that you find amongst the
sand, and clay, and gravel beds whether of a Manchester brickfield
or of the coasts of Cumberland and Yorkshire.

Ladies and gentlemen, I have now finished my task. I
have endeavoured, I trust no® altogether unsuccessfully, to
show you that in the natural world there are no objects, however
common and familiar, that cannot reveal an interesting story, if we
are but intelligent enough to question nature in a®right mauner.
Many of you are occupied with manufacturing pursuits, and, from
time to time, your workshops regeive the visits of strangers, who
look with intelligent interest upon the processes in which you are
engaged, and upon the final products of your labours. I invite
you, in like manner, to visit naturc’s workshop. She, too, is a
fellow-labourer with yourselves; only, unlike you, she needs no
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rest, but works on, with untiring energy, dayand night, summer and
winter.  She usually toils so noiselessly that few men know the
vastness of the forcer at her command. When we float idly upon
a summer sea, or reclifie in some sheltered nook, watching the
tranquil glories of a July sunset, we reck little of the fearful
energics that underlie the present calm. It is only when Nature
rouses herself, like some angry lion, that men recognise her
terrific powers. It is when the reeling earth is shaken by the
carthquake, and cities crumble into dust when the volcano
belches forth its showers of ashes and strcams of liquid fire,
hiding the prostrated quins from theg eyes of men; when the
flashing lightnings and the grahd roll of the thunder inspire the
stoutest hearts with wonder not unmixed with awe; when the
stormy ocean and the flooded river inundate the land, tossing
man’s proudest works, like playthings, from their surface, and
hurling them to destruction, then it is that we learn something of
Nature’s power. Yet these forces, at times so terrible, are
ever wogking out their Divine Creator’s will and ministering to
human wants. Study them and they will interest you ; cxamine
tieir products and tley will repay you. You will then recognise
the truth of the Words which our greatest dramatist puts into the
mouth of his banished duke, when he declares that there are

‘

Tongues in trees, books in the running brooks
Sermos irl at(nes, and good in evorything.

On the motion of Mr. JoHN PranT, F.G.S,, thanks were given
* to Professor Williamson for his interesting lecture.
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TEMPERATURE AND LIFE OF JHE DEEP SEA.

A LECTURE
DR. W. B. CARPENTER,

.
Delivered in e [lulie Town Hall, Manchester, February 8, 1871.

Dr. CARPENTER, on being introduced by the Chairman, said:—
Ladies and gentlemen, until a recent period the bottom of the deep
sea has been—if 1 may make use®of an Irish “bull”—an unknown
Jand to us, for the means of research into its condition were very
ansatisfactory. For example, in the first place, with regard to «
temperature, if we let down a self-registering thermometer, which
should give the lowest or the highest temperature which is there
encountered, there is this source of error in the indications d¥f the
thermometer—that the enormous pressure of the water upon the
glass bulb will very probably so alter the shape of the bulb as te
force up the mercury in the tube. Now it has only been recently.
through the ingenious contrivance of*my! late excellent friend, Pro-
fessor Miller, of King's Collcge, that this difficulty has been over-
come. We found on putting thermometers of ordinary constructjon e
mto the machine which is well known to many of you—a Bramah
Press (I don’t mean between the boards of the Bramah Press and
squeezing them between two solid masses)—but putting them into
the water chamber of an instrument constructed on the principles
of the Bramah Press, with a powerful force pump that should sub-
ject these thermometers to pressure of any amount up to three tons
to the square inch—we found that the very best thermometers
that had been previously relied ipon were raised from eight to ten
degrees by the pressure of the water forced in ; and we found that
inferior thermometers, such as had been used in many deep sea
soundings on former occasions, were raised froth twenty to fifty
degrees. So that you see there is no reliance to be placed upon
any previous deep sea soundirgs as to temperature, except in this,
that we know that the error of their thermometers could not have
been ZJess than a certain amount. For instance, when Sir James
Ross and his companions carried on their deep soundings in the
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Southern seas, and found, as they very often did, at a depth of
from 1,500 to 2,000 fathoms, that their thermometers indicated a
temperature of 39 or 4o degrees, we know now that the sinallest
error of their thermometgers being eight degrees at that depth, the
truec temperature could not have been higher than about 32
degrees—that is about the freezing point of water. Now the
means which Professor Miller suggested for overcoming this diffi-
culty were extremely simple. 1t was merely to enclose the bulb
of the thermometer in an outer bulb, sealed round the neck, a
spacc being left between the twé bulbs. Now that space was not
left entirely cmpty; it was about three parts filled with fluid. You
may ask, Why was the fluid introduced there? For this reason,—
if only air had been left in that space, the inner bulb would have
* been a very long time in taking the temperatwme of the water
round the outer bulb; and the air being a bad conductor it would
have been necessary to allow thé thermometer to remain perhaps
an hour before the mercury or spirit of the inner bulb would have
taken the temperature of the water outside; but by introducing
between Me bulbs some spirit, that spirit conveyed the heat or
the gold from the outer to the inner. Still it was not filled with
the spirit, because if it had been filled the pressure upon the outer
bulb, and its consequent change of form, would have acted in the
Same manner upon the inner bulb ; but there was a void space left,
and thercfore the changing of the form of the outer bulb by the
extreme pressure produced no alteration in the shape of the inner
bulb. We subjected thermometérs, which we thus protected, to
® tht pressure of three tons to the square inch; and we found
that Eley did not rise more than about one degree, and that small
rise was really due, we have reason to believe, to the increase of
heat in thc liquid occasioned by the pressure to which it was
subjected. ‘That is the mode in which the thermometer has been
adapted to the purpose of obtaining the temperature of the deepest
ocean waters; and I shall show you what very important infor-
mation we have derived from its yse.

The pressure which is caused by a column of water of course
varies with the height of the column—that is to say, with the
depth of the wgter; and in round numbers we may say that at
800 fathoms—a fathom you know is six feet—the pressure of a
column of water is one ton upon every square inch ; therefore,
at 2,400 fathoms,—which was about the greatest depth to which
our soundings extended (and I may just remark, in passing, that
my friend Sir Wm. Fairbairn has a little under-estimated the
work thiat we did, for we not only sounded but dredged at nearly
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three miles depth—2,435 fathoms)—at that depth the pressure
is just three tons to the square inch, and that is just the pressure
to which our thermometers had been tested. Therefore we know
that we had within a degree (we alwayg uUsed two thermometers)
the real temperature of the bottom of the ocean. Now I shall
show you what very curious and important information we derived
from ascertaining the temperature, not only of the bottom of the
ocean at different depths, but also of different portions of the
column of water in going down to the bottom ;—this we ascer-
tained Dy letting down our ®therometers to a certain depth, not
letting them go to the bottom, and then taking them up; then
letting them down to & grecaser depth; and so on. In that
manner we got what I term “secrial soundings”—that is, a series
of temperatures of difierent depths in the same spot; and those *
corresponded very closely indeed with the bottom temperatures that
we got at like varying depths.  As a rule, the lowest temperature
was always the bottom tcmperature. I shall presently explain to
you how this comes to pass.

Our first expedition was a very short one. We had very bad
weather in a very stormy region, between the North of Scggland
and the Taroe Islands, and we were not able to make many
soundings or many dredgings; and yet, by a piece of extraordinary
good fortune, the temperatures of the soundings that we Qbtainetl
were more curious than any we havc .ob.t'uncd since; and they
suggested to me a general doctrine it regard to oceanic circulation
that all our subsequent research®s have tended to confirm. The
general facts of the case you will see by this map and the tdble”
by the side of it. Here is the North point of Scotland, the
Orkney Islands, and Stornoway, the little port of the Ilebrides,
from which we started. Here are the Faroe Islands. This dotted
line is what is called the “aundred fathom line,”—that is the line
which bounds that curious platform, so to speak, of which the
British Islands constitute the highest part. All around our
islands, uniting Great Britain and Ireland, uniting also the
Shetland Islands and the Orkneys the Isle of Man and the Isle
of Wight, uniting the British Islands with the Continent of Europe,
is a platform of not more than 1oo fathoms below, the surface. It
there were an elevation of 6oo feet, Great Britain and all these
islands would be joined to the coast of Holland, Belgium
Norway, Denmark, and Fratce; there %would be no British
Channel, or Irish Channel or North Sea, for nowhere does the
depth of water in those parts extend to more than 1oo fathoms.
But when we get outside this, the water deepens very rapidly. For
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instance, here, between the North of Scotland and Iceland are the
Faroe Islands; and that dotted line around them represents
shallow water, which if under 100 fathoms. Now between this
and the Shetland Islands ¥s a deep channel of about 6oo fathoms,
which is a depth ncarly equal to the height of Snowdon. Our
soundings in the first expedition were macde along this line, where
we found, as you will see Dy the table, very low temperatures,
such as 33, 32.2, and 32 degrecs. But at the like depth in another
part of this channel, the soundings, ag marked in the upper part
of the table, show a temperature of 45 to 48 degrees.  Here was
a very marked and curious contrast ; for, within a short distance
of each other, in one instance only 20 miles apart, we found
two very different climates at the same depth.

Now the existence of these two very different climates
showed itself, when we carcfully worked it cut afterwards, in two
very distinct kinds of animal lfe, and two very distinct kinds of
deposit on the bottom of the ocean. I will now show how our
next year'sdwork in the same region filled up and completed this
inquiry, and gave us some very curious points in addition. You
may Imagine with what interest we went over this ground anram,
provided with our “superior thermometers; for the first year's
work was done with the old thermometers, only the depths were
not so great as scriously to interfere with their performance ; and
you will observe that whether those thermometers had been in
error or not (and we did not know till we tried) at 500 fathoms,
thecsame cffect would be produced in raising the mercury at 500
fathoms, whether it was in a hot or cold area; so that the
difference of the warm and the cold—between about 32 and 48
degrees—would be just the same. If these thermometers were a
couple or three degrees too high—which they proved to b:—then
we found that the temperature of the first year, which was 32,
became 30, and that which had been 48 was really 46. But
the difference of 16 degrees was exactly the same; and all
that was perfectly verified int the very careful and very
numerous and elaborate inquiries which we prosecuted over this
area the next year. Again, we took what I have called
“serial soundings ;" that is, we let down our thermometers at
different depths, for instance at 5o fathoms, then at 100, then at
150, then 200, then 2go, and so op every 5o fathoms; and the
results we got are shown in this diagram, which is so constructed
that a curve indicates the descent of the thermometer, and the
depths are expressed by the horizontal figures, which run from 50
t0 100, 150, &c., marking every 5o fathoms.
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In all this area, whether warm or cold at the bottom, we
found nearly the same surface temperature—a very curious fact.
If we went north it was a little less, and if sguth a little more ; but
about g2 deyrees was the average. Wedound that in all parts of
this arca the descent through the lowering of the thermometer in
the first 150 fathoms was the same ; and in the warm area when we
got below 150 fathoms there was very little more lowering of
the temperature.  You see that the line in thezwarm area continues
nearly horizontal till we pass about oo fathoms ; but from 150 to
about soo fathoms there wa$ very little lowering of the tempera-
ture, and we only got it reduced from 52 at the surface to about
45 at 5oo or Goo fathoms. Du? now see what takes place in the
cold arca. ‘'This upper line, which at 100 fathoms is but a little
below the other, begins o drop rapidly, so that at 200 fathoms it
is very dccidedly below; and thep it goes down still more rapidly,
so that within 100 fathoms it dropped about 15 degrees ; and all
the water in that particular sounding below 3oo fathoms was of a
temperature below the freezing point of fresh water. The bottom
was there struck at 384 fathoms; but in another part we got a
much deeper sounding, down to 640 fathoms, which was taken
at a point a good deal north: there the surface tempcrature
lowered to between 49 and so degrees; it went down much in
the same manner as in the other, until it got to 350 fathoms, whic
was below the freezing point of fresh yaterpand from that point to
the bottom, (640 fathoms) was :lf]river, so to speak, of cold water
nearly 2,000 feet deep—below the freezing point of fresh water.
Now that was the very curious fact which our investigations of this
channel between the Faroe Islands and Orkncy and Shetland
brought to our knowledge. That channel I have been accustomed
to designate the “Lightning Channel,” “Lightning” being the name
of the vessel assigned to us in our first expedition. That distri-
bution of temperature is indicated on this map. This blue colour
represents this cold stream, which could have come from nowhere
but the Polar regions ; it must hawe come straight into this channel
from the Polar aren. But you must bear in mind that though this
blue colour represents thé water at the bottom, yet the water at the
upper stratum of the surface,—that is, for about 1go fathoms—was
of exactly the same temperature as the water of the other region
around, and that temperature was higher than what may be called
the natural temperature of the climate. And thus whilst we had
this deep stream of water flowing from the Pole (and we shall
presently see what becomes of it)—flowing south-west from the
Polar area, we had another stream proceeding north-east of
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warmer water—water warmer than the natural water, so to speak,
of the latitude, which would have been about 40, and this water
had a temperature of 45 or 46 degrees, down to 5oo fathoms, and
at the surface 52 degrees,

Now, then, what is the meaning of this? When I speak of a
“stream” and “flowing,” you must understand that there is
nothing like a visible movement. I say that this stream must be
flowing, because if it were not flowing, it could not retain its
temperature; it would soon give up its warmth to the water above.
Itis quite a physical necessity “that*it should be in movement;
and of course if it is in motion it could only have come from the
Polar area to have brouﬂht this cald temderaturc with it, for at the
bottom it was about 29} degrees. You are aware that 32 degrees
is the freezing point of fresh water ; but it is not the freezing point
of salt water. Sea walcr freczes at about 27; if it is l\Lpt very
still it will not freeze till 25 ;"and there is a most important
difference in the condition of sea water and fresh water as regards
temperature below 40 degrees. You all know perfectly well that
when Sll(,lh' a frost as we have had lately acts upon the surface of a
lakey river,*or pond, the water freezes on the surface ; and if you
put down a thermemeter into the water below, you will find that
it is about 39 or 4o degrees. Now, why is this?” You know that
the ordinary rule of the contiaction of water is that it shrinks,
just like the mercury jn a thermometer, with cold; and expands
with heat,  As it shrinks it becomes denser, and therefore heavier,
bulk for bulk ; consequently whén a low atmosphel ic temperature
is actmg upon the surface of a pond or lake, thé water as it is
cooléd at the surface becomes heavier and goes down. So it
keeps on going down, and fresh and warmer water, which is
lighter, comes up to the surface, till the whole is cooled down to
about 39} degrees; but then cominucd cold does not* produce
the same effect, for bclow 394 the water begins to expand
again—(fresh water I am speaking of)—the greater cold makes
it lighter instcad of heavier; consequently the water which is
cooled to below 303 durrccs remains on the surface, and it is
exposed longer and lOD"(.I‘ to the action of the cold atmosphere
of the surface yntil it freezes and forms a layer of ice. Now
that is not the case with sea water. Sea water continues to
contract down to its freczing point; the more it is cooled the
heavigr it becomes, bécause its bulk dmumshes ; it therefore sinks
ip propertion to its degree of coldness; and in this manner it is
that the coldest water always comes to be at the bottom. There
is a very curious consequence of this, for it is a well known fact
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that ice in sea water begins to form at the bottom. I do not say
it always dnes, because where ice is once formed on the surface it
will extend from the edge of the previous formation; butitisa
fact observed by Arctic voyagers, and, plrfectly well known to
Baltic fishermen, that when the season is first changing, and ice is
about to form, in the first instance it comes up in lttle discs or
plates from the bottom. The fisherman in the Baltic or in Nor-
wegian Fiords, when he sees these little discs (when out in his
boat some distance {rom land) coming up fromn the bottom like so
many jelly fish, to float on ¢he surface, makes for land directly,
for he knows that if he remains he might be frozen up in the
course of a few hours. eNow that is a very curious difference
between salt water and fresh.

This has a most important relation to the doctrine of submarine
climate. I have shown you here a sort of hittle compact pocket
edition of a set of phenomena which, as I am now guing to show
you, prevails over, 1 believe, the whole of our great oceans. In
our soundings a few months ago on the coast of Spain and
Portugal, we came upon this fact—the surface temperature was
very high, about 65 degrees; in the first roo fathoms we glost
about ro degrecs of this, what we may call the super-heating of the
surface, produced by the powerful rays of the midsummer sun.
Then the temperature from a depth of 1oo fathoms down to 808
lowered very slowly, just as it does in the warm area; so that at
800 fathoms it only got down to 48 degrees. But in the next
200 fathoms, between 8oo and 1,000, there was a loss of
9 degrees; the temperature had fallen to 40 ; in another 100 mdye
it fell another degree, and over the deeper soundings which we
took in the previous year, extending down to ncarly three miles—
that is 2,435 fathoms, a depth about equal to the height of Mont
Blanc—we got a temperature as low as 35 or 36 ; and still lower
temperatures have been obtained elsewhere, even under the
equator. Thus a tempcrature of abeut that was obtained three
years ago in the Arabian Gulf, when soundings were being taken
preparatory to laying the cable %connecting the Red Sea, Aden,
and Bombay. Here, then, you see we have in our great oceans
a condition just comparable with that which I Jave shown we
met with in the Lightning Channel; first we have a great body of
warm water, then we have what I have designated a stratum or
layer of intermixture, a stratum ebetween the *great mass of warm
water above, and the great mass of cold water beneath, nearly. dowx
to freezing point. Near the Pole it is quite down to freezing point ;
but when it is nearer the Equator, where it has had a long
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way to flow from the Pole, it will have acquired a certain slight
degree of warmth; but still you see, to find a temperature
of 35 or 36 degrees under the Equator, shows clearly that
that water must have ¢ome from either one of the Poles.

Now let us inquire what account can be given of this remarkable
phenomenon. Here we have in the deep occanic basins this
layer of water extending more than a mile deep— water
which has been obviously derived from the Polar area. What
account can we give of it? How does it come to be there?
and how does it come to retam its low temperature? Now I
think it may be said with perfect certainty that it could not
retain its low temperature, unless it was ¢ontinually supplied from
the Polar area. I will show you how this supply takes place.
Here, for instance, in this Lightning Channel, we found that we
could distinctly trace it along near to the corner of the Faroe Banks;
and though we had not the mean’s (I hope we may at some future
. time have the means) of measuring its movement, yet by the nature
of the bottom we felt perfectly sure that it was a running stream,
for the pelybles there instead of being angular were round—that
you &now 15 a most clear and distinct proof. Well, then, we have
every reason to believe that it ran on and discharged itselfinto the
great Atlantic basin. About 100 miles to the westward of this,
there was a deep slope, going down to 1,500 or 2,000 fathoms :
and this was one of the, fegders, so to speak, of this great mass ot
Polar water in the Atlantic basin. Then between the Faro
Islands and Iceland there is *a shallow bank ; but between
Icclgnd and  Greenland again there is a wide and deep
channel, through which a very large mass of Polar water will
thus come down. Now water cannot be always flowing out
of the Polar basin without water from some other source
flowing into it ; and it is perfectly certain that if there is & circula-
tion of water in this great oceanic basin, that circulation must be
maintained by a constant movement of surface water towards the
Pole. While the deger water is coming from the Pole, there
must be swrface water going fowards the Pole. You have all
heard of the Gulf Stream. There is a geeat mass of water issuing
from the chanael between the peninsula of Florida and the
Bahama Islands, which is flowing in a north-easterly direction.
That very powerful current, issuing from that narrow channel,
flows .at the rate of five miles an Qiour in a north-easterly direc-
tion, first towards the banks of Newfoundland and the Azores ; and
then it is popularly believed to flow on towards the northern coast
of the British Isles, and thence to Spitzbergen, Iceland, and even
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Nova Zembla. Now I have every reason to believe, from caieful
inquiries lately made, that this Gulf Stream really has not much to
do with the phenomena of which I have been telling you, and
that its influence pretty much ceases not for to the eastward of the
banks of Newfoundland, The Gulf Stream is part of the
horizontal circulation in the North Atlantic. Now, I think you
will easily understand the difference between a horizontal circu-
lation and a vertical circulation. Look at the wind ruffling the
surface of a pond. Well, the wind blows the water in a particular
direction, and produces little ripples. If it blows away the water, of
course water must come in to fill up its place from the other part
of the pond. That is ashorizogtal circulation ; and that horizontal
circulation in the Atlantic is produced in this way. The trade
winds are always blowing between the tropics from east to west;,
they move along an enormous muass of water, driving it into the
Gulf of Mexico; it circulates there, and is exccssively heated by
the action of the sun, and comes out from this channel in the
way I have spoken of, as a rapid current passing in a norths
eas‘erly direction. But that rapid current I have strong reason to
believe is not a deep current; I believe it is not more than a
surface current, and that the heat it carries has been very®much
over-estimated. About half of it, when it cothes to the Azores, or
Western Islands, turns round again, goes near the African coast,
and returns into the Equatorial current, completing therdfore that
circulation I have spoken of. The& cothér half goes on past the
banks of Newfoundland ; thereeit meets the surface of the Arctic
stream, and breaks it up or ‘inter-digitates” with it—this word
expressing an action like that of passing one set of fingers through
another. I admit that a portion of the Gulf Stream goes north,
but the greatest part is stopped and ceoled by this Polar current
coming down. It is known that the Polar water lies underneath
the Gulf Stream, for if you send the thevmometer sufficiently deep
you will find the Polar water running beneath this extraordinary
surface current.

I have adverted to the *Gulf Stream, because I want to
show the important influence of this upper movement of warm
water, of which I have spoken, which is quite independent
of the Gulf Stream. Suppose that the narfow peninsula of
Mexico, or the narrowest part of it, which is the Isthmus of
Panama, that connects Norsh and Southe America, were broken
through—which it will be in course of ages by the action of the
sea—so that there was a free course given to this Equatorial
current ; it would go right through into the Pacific Ocean,
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and we should have no Gulf Stream at all Even in that
case [ believe our climate would not suffer so much as most
persons believe ; becguse though we should lose a large por-
tion of our warm southt westerly winds, this constant flow- ot
warm water which is taking place in the whole mass of the
North Atlantic, from the southerly area directly towards the
north and north-east, will supply its place; and I am very strongly
convinced that the amelioration of the climate of the Polar
area is due, not so much ag is commonly supposed, and
quite recently very ably argued—to the Gulf Stream, Lut to this
great mass of water moving northwards jn this slow and uniform
progression, carrying a temperatur& which, taken altogether, is very
much greater than that of the Gulf Stream. For the last we know
definitely of the Gulf Stream shows that it is thinned off to a
layer of certainly not more than 5o fathoms, and perhaps less, and
reduced to a temperature of about 55 degrees ; whereas this great
slowly-moving mass of water carrics a temperature higher than the
temperatuie of the latitude down to 5oo or 6oo fathoms depth,
and as thegurface is cooled, warm water from below will come up
to tafe its place; and in this manner will carry into the Polar
area a great body of heat, so to speak, derived from the general
sprface of the temperate and tropical oceans. And this I believe
has taken place in all geological periods, quite irrespective of any
such local accidents as ¢hgse that produce the Gulf Stream.
There must have been in all Ggological periods a movement of
thig warmer water from the Equatorial towards the Polar area, and
conversely (and this is most important geologically) a movement
of cold water in the depths of the oceanic basins, bringing with it,
as I shall presently explain, the characteristic animals of the
Polar climate. .

But you will ask, and very properly, “ What evidence have you
of this movement?” and “What produces this movement?”
Now, the evidence of the movement I have given you. The
evidence of the movement is in (he fact that cold water could
not remain cold water at the bottom of these oceanic basins,
if the supply were not kept up from those cold basins
at the Poles. & will give you an illustration. We were at
work this last summer in the Mediterranean, and we found the
condition of the Mediterrancan most curiously different in regard
to temperature from the condition of the Atlantic. The Mediter-
ranean is a basin which, to use a Scotch word, is “ self-contained.”
(You know ‘that houses in Scotland are usually built in * flats,”
which,are occupied by different families, and a * self-contained ”
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house is complete in itself. I daresay that many ofe my auditors
are Scotch, like our respected chairman, and will understand what

a “self-contained ” house means.) Well, the Mecditerrancan is a
“ self-contained” basin; it is shut in é#ntirely, the Strait of
Gibraltar being its only communicatidn with the outside; and
that Strait is so shallow at its outlet that no communication
between the deep water of the Mediterrancan and the Atlantic
can possibly take place. The Mecditeranean goes down in some
parts to a depth of 2,000 fathoms ; we ourselves sounded to above
1,700, that is from about 1%000eto 12,000 feet.  Well, we found
the surface very hot; we were there in August and September ;
the temperature of thes surfacg of the sea rose to 78 degrees
in some instances. But very curiously that hot temperature
was limited to a very shallow layer indced; we lost 10
or 15 degrees of that heat in 30 fathoms; at a depth of 30
fathoms we found the temperature perhaps 6 3 or sometimes as
low as 60 degrees. Then a further loss of temperature would be
experienced in going down to 100 fathoms. At that depth we
came almost invariably to 54 or 55 degrees; and whatever was
the temperature at 100 fathoms, that it was down to the very bot-
tom ; depth there made no difference at all; if it was 55 defrees
at 100 fathoms it would be 55 at 1,700 fathoms ; and if it was 56
degrees at 1co fathoms it would be the same at the greatest deptin
There was a little difference in diffcrent parts of the arca) which
can be explained by local causes ; bu# a8 a®rule, whatever the tem-
perature was at 1oo fathoms, thateit was at the bottom. Now how
1s it that there is this difference between the Mediterranean agd
the AtlanticP—in a basin of very great depth, like the Mecdliter-
ranean, why should the temperature be thus curiously uniform?
Why, just simply because it is entirely cut oft trom this general
oceanic «irculation, and it takes the temperature of the crust of
the earth at that particula, part. I will give you some curious
evidence that it is the temperature of ‘the crust of the earth.
‘Thermometers buried deep in the soil in central Europe are found
to vary very little indeed during®the different seasons. Buried at
about zo or 3o feet from the surface, they are not at that depth
deep enough to be influenced by what is called the “internal heat
of the earth,” which you experience when you go dbwn into a deep
coal-pit, for instance, or which shows itself in the hot water from
very deep springs; and at that depth thew are covered with a
layer of earth which is a sufficiently bad conductor to prevent
their being much, influenced by seasonal changcs ; they therefore
take the permanent temperature of the crust of the earth, and that
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permanent temperature in central Europe is found to be about 51,
52, or 53 degrees. Now I found that there was a cave in a little
island which we visited betwcen Sicily and the coast of Africa,
which has the reputatbn( of being “icy cold.” I was very anxious
to visit it, but circumstanczs did not allow of our doing so; how-
ever, I had afterwards the opportunity of learning that the tempera-
ture of the cave is 54 degrees. Then a Maltese gentleman, the
collector of customs at Valetta, a very intelligent and well-informed
man, told me that it is the custom among the natives there to let
down their wine to cool it in the deep tanks which they had
excavated in the rock. All the rain in Malta falls during two or
three months of the year, and fqr freshs water the inhabitants are
almost entirely dependent upon that which they store up. There-
fore every house has its tank excavated in the soft rock of this
island ; and these tanks are covcred over, and very often lie under
the houses, so that the sun hasclittle action upon them. I asked
him if he happened to know the tempcrature of these deep tanks,
" and he said, ““Yes, it is 54 degrees.” So you sec we have several
pieces ﬁonﬁrmatory evidence showing us that the bottom of the
Mediterr®nean takes exactly the temperaturc of the crust of the
earth at the botfom. If it were not for this movement of
the water of our great oceanic basins, the bottom of the
“Atlantic would be 55 degrees, just the same as the Mediterranean
within the Strait of Glbraltar Dut see what we get a little outside
that basin. On the coast 6f Spain, only 100 or 200 miles from
Gibraltar, we found the temperature 49 degrees at 8oo fathoms,
atd we got down to 39 degreces at 1,000 fathoms. Now this shows
perfectly clearly that that low temperature could only be sustained
by a constant flow of water from the Polar basin towards the
southern region. Then, as I have shown you, that flow could not
continue without an inflow into the Polar basin. How could
there be this constant flowing out of water from the Polar basin
if it were not for an inflow to supply it? And that brings me
to show you what is the force that maintains this flow. It
is the continual cooling of the“water as it flows into the Polar
area ; it becomes heavier and falls to the bottom, displacing the
water previously there, pushing it on as it were. "Thus, there is
a constant sinking of water in the Polar arca exposed to a
temperature, it may be in winter, of 40 or 50 degrees below zero, or
even, lower; and ag the water kecomes colder it sinks. Every
fresh layer of water that comes in from the warmer sea around is
cooled it then sinks and goes down, down, down ; and this colder
and denser water creeps gradually along the decpest parts of the



289 .
great Atlantic basin, and now and then, by some peculiar confor-
mation of the bottom, it will come nearer to the surfack, as it did in
this Lightning Channel. If we are ever able to trace that Light-
ning Channel further north, it will be a most interesting point to
determine what it is that sends up that ¢old water so much nearer
the surface there, than it has been found anywhere else in the same
latitude. But we have a parallel fact in the case of Gibraltar,
where T have lately been able to prove very distinctly that the
water from the deeper portion of the Mediterranean basin is pass-
ing as an under-current outwards through the shallowest part of
the Strait, beneath the surface-current that is continually flowing
inwards from the Atlantic. Thus, then, you see what is the
moving force. Itis thi® constant changesof temperature which
increases the density of the water and lowers its temperature too.
Suppose we had a Polar column of water at this end of the room
of a certain height, an¢ an Equatorial column at the other end.
As this Polar column is cooled #own, it contracts and becomes
denser ; then the level is lowered and the water will flow towards ,
its surface to make up that level. Very well ; when this column of
cold condensed water has on the top of it the additional water
which has flowed in to maintain the level of that columg, it
becomes considerably heavier than the corresponding Equatorial
column at the other end. What is the consequence? Why
that a portion of the lower part of it must flow away., Thu$
there will be a tendency to the lowering of the level, which will
draw in water from the Equatorial région; and there will always
be, as that water flows in and # cooled down, a tendency to
the maintenance of a greater weight of water in the Polar regioh;
so that by these two influences—the lowdring oi the level, an8 the
increase of the wecight of the column-—we have this constant
disturbance of level and disturbance of equilibrium, producing an
inflow fiom the FEquatorial towards the Polar regions on the
surface, and an outflow from the Polar towards the Equatorial
area at the bottom. '

This is the doctrine of the general Oceanic circulation to which
I have been led. Isay “I,” belause it has happened that I have
been the member of the axpedition to whose share this part of the
inquiry fell, and I have applied myself to all the jpoints bearing
upon it. I have taken the opinion ot some of the most eminent
mathematicians and physicists of this country with regard to the
validity of the principles I havesadvanced ; @nd I am glad to say
that I do not bring them forward merely on my own authority,
but I am assured that this doctrine will stand the test of very

T
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rigid inquiry. I was able, at a recent meeting of the Geographical
Society, where I explained it, to exhibit an illustrative experi-
ment, which was considered extremely satisfactory; and I think
I can cxplain it to you in such a manner that you will very
easily see the applicdoility of it, and the satisfactory nature of
the result. We had a trough, with plate-glass sides, about six
feet long and a foot deep, and the sides not more than one
inch from each other. At one end of this trough a piece of ice
was wedged in between the two sides; that represented the
Polar area. At the other end we applied heat at the surface,
not at the bottom,—to imitate the exact conditions of the case,—
the heat being applied by a bar of metal which was laid on
the surface of the wager, and then carried over the end of the
trough and heated by a spirit lamp; that represented the
Equatorial area. Then we put in some colouring matter, red
at the warm end and blue at the cold end. What happened?
T'he water tinged with blue put in at the surface of the Polar
area, being subject to a cold atmospheric temperature, imme-
diately rell down to the bottom; 1t then crept slowly along
the Dot of the trough, and at the warm end it gradually
ros¢ towards the surface; and, having done so, it gradually
returned along the surface to the point from which it started.
The red followed the same course as the Dblue, but started from
‘a different point. It crept along the surface from the Equatorial
to the Polar end, and, there fell to the bottom, just as the
blue had done, and formed another stratum, creeping along
the bottom and coming agaii to the surface. Fach colour
nfhde a distinct circulation during the half hour in which the
audfence had tmis experiment in view. Now that was a very-
beautiful experiment ; and I can myself see no flaw in the apph-
cation of the argument that what is true on a small scale in this
trough is true of a mass of water extending from the Equatorial to
the Polar area. I am hoping to repeat this experiment soon in a
still more satisfactory way. I will tell you my ideh; itis to get
the largest wooden tub that I can (wood is a bad conductor), and
I will call that the great ocean.” Then I propose to suspend in
the middle of it, which I shall call the Pole, an iron pan with a
very strong freezing mixture, and then carry round the outside
edge ot the tub a leaden pipe on the surface through which there
shall be a stream of salt water continually passing—that will
represent the surface heat of thes Equator. Then I intend to
dispose a series of thermometers along the surtace and bottom;
and I am willing to stake my scientific reputation upon the fact
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that we shall find the temperature along the bottom depressed
down to say 35 degrees. We must try it with salt water, of course,
for the reason mentioned. I have no doubt that the lower
stratum will be gradually brought down 10 85 degrees, representing

_ the condition of the deep ocean bcttom’; and that we shall find
on the other hand the surface water retummg with a temperature
it may be of 50 or 6o degrees from the outside of the tub towards
the freezing mixture, and then that water will again carry down its
cold to the bottom of the tub. I should have tried that experi-
ment some time before, but { hawe been so closely engaged in the
preparation of my report for the Royal Society that I have not
found time yet to do so.s .

Now then let us consider this question of climates. You see it
is a great cosmical matter, if- I may use that phrase. ¢ Cosmos”
is a word which refers t> the world at large. It is not a mecre
local phenomenon and confined %0 the present time, as the Gulf
Stream ig ; but it is a phenomenon which must have had its place
in all geological history. Wherever there were dee)p seas and Polar
water and Equatorial water, there must have always been this
vertical circulation. The Gulf Stream and the surface of the Arctic
currents which bring back the water again, constitute the Rori-
zontal circulation. But here we have a vertical circulation. One
very curious consequence of this vertical circulation, which 3»
believe to be very important in relation to the life of the ofean, is
this, that in this manner, if this doetrihe‘be true, every drop ot
water in the ocean will, in its tumn, be brought from the bottom
and exposed to the surface. Now, in the Mediterranean theresis

+no such circulation, and we find in the great depths of the Medi-

terranean an extraordinary paucity of animal life. Instead ot
finding the abundance of animal life which we find in the great
depths of the Atlantic, we find an almost entire absence or animal
life in the great depths of the Mediterranéan. I will not say that
is the sole cause of it, but it has a good deal to do withit. These
depth are stagnant ; there is nothing to change them ; no periodical
circulation ; and, in consequenc®, che only vertical ’circulation 1s
caused by the descent of water that has been concentrated by
evaporation on the surface, and which, becoming heavier by
concentration, will go down. I do not think that great depths are
affected by this.

Let us now speak briefly of the nature of the °Animal Life of the
ocean depths. Until within a comparatively small number of
years, the general doctrine has prevailed, owing especially to the
predominant authority of my late most excellent friend, Professor
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E. Forbes, who was at the time a most accomplished naturalist
and a most profound geologist—I say, owing to the prevalence of
his authority to a degree, I believe, much greater than he himself
would have wished, th&ldea has prevailed which he based upon
some researches of his mary ycars ago in the Algean Sea—that
marine oceanic life was limited to a depth of about 300 fathoms.

It was a very convenient thing for geologists, for this reason, that
it seemed to account for the fact—perfectly familiar to geologists—
that there are strata of very considerable depth in the present day
not evidencing any metamorphosis or,change of character such as
would destroy fossil remains, but apparently very much in their
original condition, that were almost entirely destitute of fossils.

Why should this be so? Geologists were puzzled ; and Professor
Forbes’ doctrine seemed to expl.nn. it satlsfactonly-—that these
were dcposited in a very deep occan, and that there could be no
life at the bottom where they were deposited.  Now even before
his death, evidence had been obtained that there was a tolerable
abundance of animal life down to 400 fathoms. Dredging to that
depth had been made in Sir James Ross’s Antarctic expedition; and
in the eafly period of that illfated Arctic expedition in which a
well- known friend of mine had written home, ““I have had a capital
haul near the entrance of Davis’s Strait at 400 fathoms”; and he
‘gave a list of the animals obtained there.  That fact, therefore, had
shown' that the limit assigned by Edward Forbes did not exist
precisely as he had stated. «Still the general idea was, ‘It may
be 100 or zoo fathoms deeper, but there is a limit.” Then the
ssundings taken in the North Atlantic, with reference to laying the
Atlgntic cable, brought up spccimens of marine animals; and,
in fact, previously to that small specimens, a few teaspoonfuls at a’
time, of the deposit forming the bed of the Atlantic, had been
brought up, which, when examined with a microscope, .glare found
to consist of minute shells, similar to those represented here, but

smaller, as you will judge when 1 tell you that thousands of these
shells would scarcely weigh a grain, little “ globigerin®,” as they
were called. It was found upor¥ microscopical examination that a
great part of a kind of white mud, brought up from the bottom ot
the Atlantic, and exceedingly similar in “appearance to chalk, was
composed of these little “globigerine.” It was found also that
larger animals were brought up. In the soundings which were
taken between the Faroe Islands and Iceland some yoars ago, with
the idea (after the failure of the first Atlantic cable) that a cable
night be carried in separate lengths from Great Britain to North
America by the various stations of Shetland to Faroe, Faroe to
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Iceland, Iceland to Greenland, and so on—in the soundings then
taken by Captain McClintock, Dr. Wallich having gone as a
volunteer naturalist in that expedition, thg sbunding line brought up
clustering round it a group of star fish from a depth of 1,200 fathoms.
Many naturalists were indisposcd to believe that star-fish had lived
on the bottom at that depth ; but I was myself quite satisfied with
the cvidence that they had so lived ; for it happened that 1 had
kept this very kind of star-fish in a vivarium for weeks together
and familiarized myself with their habits, and 1 had never seen
them swim or do anything but crawl over the bottom. There was
another thing that favdured she belief that these star-fish had
been found at the bottom; their stomachs were filled with
globigerinee.  Further, I knew that their hakit was to cluster
round a rope, for I had let down a rope in the bay where I had
been accustomed to dredge, and in a few hours it was covered
with these and other starfish of a similar kind. Dr. Wallich
went further, and found some small crustaceans, animals of the®
shrimp kind, and small marine worms—tubes of marine worms;
built up of globigerinx’ that must have been made at the bogtom.
That is a drawing of it. He reasoned, therefore, that there
existed - at great depths not only this lowest form of lifc, the
globigerina, but he considered that there was evidence of an abun-
dant and varied “ Fauna,” which is the yord we use to express the
whole collection of animal hfe. THis view was not accepted by
naturalists generally. 1 think his conclusion was scarcely justified
by tie evidence. There had not been a single shell-fish brought
up, no mullusk, or coral ; the evidence was limited to thede star
fish and a few small marine worms and crustaceans. But Dr.
Wallich was right in his conclusion, as the result of our own
researclfes proved.

In our first expedition—that in which we discovered this
curious contrast of temperature in the Lightning Channel—we
found on a warm bottom a great abundance of animal life at
from 500 to 6oo fathoms, wi[?h a number of most remarkable
new forms, amongst others this most beautiful sponge. This is a
sponge of which the framework is composed of fibres of flint, like
glass—long flexible fibres extending through the globigerina mud,
some feet in length occasionally. This is a section of the sponge
showing its internal structuse, the largeecavity of the mouth
surrounded by a sort of moustache. We found four specimens
of these imbedded in this chalky mud, mixed with sand, at a
depth of 530 fathoms. One great point of interest in relation to
this sponge is, that it closely resembles a certain group of chalk
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fossils, what are known as ¢ ventriculites,” which are abundant
in certain beds of chalk. Some of the most eminent of my
zoological and geologhcal friends, including Professor Huxley,
instantly recognised these as the ventriculite. I do not hesitate
to say it was our finding that sponge, and discovering the varying
temperatures, that was the great success of our first expedition,
and which procured us a very much better opportunity in the
following year, when, as I have already mentioned, we were able
not only to sound to the extraordinary depth of 2,435 fathoms,
which i1s g5oo fathoms lower than the depth from which the
Atlantic cable was picked up, but to dredge down and take the
depth and the temperature by the sounding apparatus ; and from
that great depth we brought up a hundred weight and a half of
this globigerina mud, with a number of animals included in it,
specimens of the deepest life which has been obtained from the
sca bed.

Now, just to go back to cold and warm areas, because here
there is g, very important and curious set of facts to be named :—
Working over the warm area with great care in our second expedi-
tion, and using a very valuable addition to the.dredge, which the
ingenuity of our captain had devised—a set of hempen. tangles,
like “swabs,” freshly teased—these bundles of rope yarn had an
extraordinary power of atfracting, when drawn over the bottom ot
the sea, a great number of riarine animals that would not so well
come into the dredge ; and it was curious that while they seldom
piffkgd up shells, which the dredge will pick up readily, they
pickéd up a quantity of star fish; and in our second year they
picked up two buckets full of these curious sponges, while the
dredge brought up comparatively few. This proved a most valuable
addition. To give you a notion of the exwraordinary abundance of
these things, which had previously been considered very scarce, I
may mention that in one place these hempen tangles brought up
at the very lowest estimate 20,000, some estimated nearly 50,000,
of a small species of sea egg, which had previously been known
by ones and twos, and was considered.a great rarity and much
prized in mugeums. With these hempen tangles we found
a great abundance of life on this warmer portion of the area that
I have been speakiag of, the portion coloured red. But we found
to our great slirpris¢—for we had not the tangles the first year—
that there was an almost equal abundance of life ‘over the cold
area, with a temperature at bottom of under 3o degrees,—
that there-was an exuberance of animal life there, with many
new things. For instance, we found the whole of the bottom
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covered, so that wherever we dredged we brought up pieces of it,
with this most beautiful branching sponge. We found star fish in
great numbers and of extraordinary variefy, amongst others some
most beautiful and interesting featl er stars, for a specimen of one of
which obtained from Iceland or Greenland I had given £5 only the
year before, for microscopical examination. A great number of
curious forms were there met with ; but the remarkable point was this,
that with the exception of a few which we found at all depths and
temperatures—which seemgd alle, like man and the dog, to live
everywhere—there was a marked difference between the Faunaofthe
cold area and the collgction of animal life in the corresponding
warm area, perhaps only 2o miles oft. And the difference was still
more marked in the nature of the bottom, becduse in the warm
area the bottom was cymposed entirely of this globigerina mud— "
mud made up chiefly of these globigerinze, either living, or their dead
remains, their shells decayed and falling as it were into a powder,
making a very fine mass that you would not know from a piece of
chalk. I have dried some specimens of these after the salt was
washed out, and no one would know them from a piece of chalk;
for chalk upon microscopic examination is found to consist of exactly
the same materials. We also found a sort of star-fish (Encrinite)
mounted upon a long stalk. That is a drawing made fiom ope
that was brought up from a three miles’ dredge. You must not
suppose from the drawing that it is @large animal; the stem is
about the size of a pin, and the body about the size of a pin’s
head ; yet these animals are of intense interest to the geologist,
for this reason, that in their type of structure they do not corrgspond
with any of the animals nearest to them of the same group now
living, but they correspond to one which was supposed to have
become extinct with the old chalk ; it is a type known as the Apio-
crinite. Here is a representation of it. Itis often found in the beds
ot clay in Bradford, Wiltshire. Dwarfed and degraded itis found in
the chalk, and here we find the same thing still more dwarfed, as
if, as Professor W. Thompson smid, it had been “ going to the bad ”
for millions of years.

We believe this Atlantic mud to be a continuation, so to
speak, of the old chalk. I will explain what we mean by that.
You know very well that a large part of England, the southern
district especially, shows an gnormous mags”of chalk which has
been lifted up from the ocean bed; and if we go across to
central Europe we find large areas there of chalk on and below
the surface, covered by later tertiary formations. The elevation of .
this chalk from the bed of the ocean marked a great period in
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geology, generally known as the conclusion of the Cretaceous
epoch. Now the geologist knows very well, and we may assume
1t as a fact, that wherevtr there has been a gradual upheaval of
any portion of the earth’s “crust, there is at no great distance a
gradual subsidence or lowering, so that the sea becomes dryland and
the dry land sea. That was pointed out by Mr. Darwin as one
result of his examination of the coral formations in the Pacific
Ocean ; and I believe Professor Huxley gave you some information
upon this subject in a previous lectere. Now just apply that doctrine
of the elevation of one part and the coincident subsidence of
another to this case. There was probably a great continent in
what is now the Atlantic Ocean ; on the other hand therc was
«here a sea and globigerina mud in process of formation, with an
enormous number of animals embedded in it, at the time when
Europe was under water at the bottom of a deep ocean.  When this
was being gr'ldually lifted up, the bed of the Atlantic we may -
tssume was going down. What would happen then? Why the
animals would migrate from the one to the other arca, and thus
this chalk Mud, the formation of which is going on at present in
the bed of the Atlantic, would be continuous, these globigerinae
being the descendants of the globigerina which made the chalk of
cenitral Europe and of our own country. But then the termination
of the crétaceous cpoch is considered by geologists to have been
marked by the disappeataricerof a grcat number of the types of
life which were characteristic of thet period. And if they consider
thatethe disappearance of those types of life formed the termina-
tion of the cretaceous epoch—I do not object to the phrase, it is
simply a matter of definition—what I maintain, with my friend,
Professor Thompson, is, that this chalk mud which is hem"
formed in the bed of the Atlantic at the present time, & not a
mere repetition of the old chalk, but is an absolute continuation of
it. We think it can be shown that the bed of the North Atlantic
has never been raiscd more than a couple of thousand feet since
that period. Now when you consider that the decepest nortion is
about 20,000 feet, you see that bringing it pp 2,000 feet would not
really alter its condition. I can state to you that many eminent
geologists are quﬁe prepared to accept that view of it, and to
admit the continued qgnstence of varicus types of life from the chalk
down tp the present time. There is really not much difference
between us as. to the facts, though there may be in the use of
terms, depentling upon the nature of the definition.
To return now to our warm and cold areas, I want to show
you how' remarkable a contrast there is between the life of the
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one and the other. Here, for instance, at 500 or 6oo fathoms
we found the bottom covered with the globigering mud, and
imbedded in it a great number of animalg of which many were
decidedly characteristic of a warmrer chimate. Going about 2o
miles from that, and in some instances even less, we got
into an entirely different condition—the cold area—for not
a globigerina was to be seen; on the other hand we found sand,
stones, gravel, and a variety of entirely different types of animal
life. Now, suppose this sea,bottom to De-uphited into dry land.
What would be the consequence?  We should have here a stratum
of chalk, that is, a bed gxactly like chalk in its general character,
and including in it the remains "of animals of a warmer climate ;
and actually continuous with that, on the same level, we should
have a bed of sandstcne including animals of a much colder
climate. Now, you sce what mjstakes geologists would be liable
to be led into, if they did not allow for phenomena of this kind.

T'here is one impression which I believe these researches will tende
to modify, and that is as to the glacial period. It has been a
prevalent opinion amongst geologists that thcre was at a certain
period in the earth’s history, geclogically not very remote, an
extremely cold temperature over nearly the whole earth ; and that
this is marked by indications of glaciers in countries wherg
there is now no ice at all, and the fnding of beds con-
taining Arctic shells down in very lews latitudes. Now with
regard to glaciers on the land,I have nothing to say; these
researches do not invalidate any evidence denved from then;
but with regard to the deposit in the¢ sea cf organic regains
characteristic of the Polar regions, you will se¢ at once that we
may have these at the present time in any part of the great
Atlantice bed. We have traced Arctic shells as far south as
Gibraltar, or nearly, and we have the glacial temperature there;
and thus, without any diference at all in the terrestrial climate, we
may have in the torrid zone the burning sun of the equator, and a
few miles off we may have a glacial temperature at the bottom of
the sea. Now, to a certain extent this docs tend to modify
geological theory, but it &xplains facts that were previously difficult
1o understand. For example, my friamd, Professor Dawson, of
McGill College in Montreal, wrote to me a few months since to
say—“I have been excessively interested in %our account of the
deep-sea temperature, for I finl in it an explanation of facts which
I have been recently working out respecting a group of phenomena,
the existence of glacial beds in a period much before what is
commonly called the ‘glacial period’” He added—“I am quite
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prepared to accept your conclusion that glacial beds may have
been formed in any latitude and at any geological period ;” and
he gave an illustration of a series of glacial beds which must
have been deposited ifl water nearly icy cold, which he had met
with in a certain part of Canada. Now that is the conclusion of
a very experienced and able geologist, and you see how remarkably
it confirms the views that we have been led to advance.

There is just one other point that I will notice, namely, that
this formation of the same kind of matcrial very probably took
place in periods long anterior to %he ¢halk, but that it has under-
gonc a metamorphosis into solid limestone. I have seen chalk
cliffs along the coast of Antrim, in-Ireland, that you might take to
be a sort of white marble; they have been altered by the neigh-
bourhood of that outburst of basaltic volcanic rock which pro-
duced the Giant's Causeway and Fingal’s Cave in Staffa. Therc
are many old calcareous rocks of*very much the same character.

, A large part of what is known as ‘“mountain limestone,” which
forms the basin of the coal measures, I believe will prove to ha .
been formgd of mud deposited in the deep sea extremely like our
chaly mud at the present time, only that it has undergone a subse-
quent metamorphosis. We know that there are certain beds of
coral limestone which were once shallow water beds, being full
of sheljs of various kinds; but I am strongly inclined to believe
that the deep-sea beds, of the carboniferous limestone were
formed under conditions &éxactly parallel to those deposited
in the North Atlantic at the prestnt time. Time does not permit
mé to say more with respect to the various types of life which you
have'befgre you. I have given you an idea of the curious forms
(nearly all new) which we have met with, and some of which are
extremely interesting from their relation to forms wlich are pre-
served to us in the chalk. As I have said, we find a con$iderable
number of representatives of the animals of the chalk period ;
and.yet it must be frecly admitted that the Fauna, as a whole,
has undergone a very considerable change, and that a great pro-
portion of the animals characteristic of the chalk have died out;
yet still we have remaining the actual ereaturgs that made the
chalk, and which are still going on making chalk.

I feel now that I have trespassed long enough on your time
and ‘attention, and € really feel that I must not add another word
to what I have endeatourcd to place before you, except to thank
you most heartily for the kindness with which you have received
me and the attention with which you have listened to me. 1
assure you it is a very great pleasure to address an audience so
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thoroughly sympathetic and receptive, as you have shown your-
selves to be.

The CHAIRMAN, in calling for hearty thanks to Dr. Carpenter
for his lucid and interesting lecfure,.csnﬁrmed some of the
statements made by the lecturer in regard to the shell and other
deposits found in the bed of the Atlantic when laying the tele-
graphic cable.

Dr. CARPENTER, in acknowledging the vote of thanks, men-
tioned that the lost buoy of the Atlantic cable of 1865 was found
about 10 degrees (700 miled) so#t% of the spot where it had been
placed, and 1n a direction.opposite to the flow of the Gulf Stream.
Dr. Carpenter accountell for this from the trailing of the long
wire rope in the under curtent which was flowing in an opposite
direction. Another fact which confirmed his theory of oceanic
currents was that icebergs had been seen in the Gulf Stream,
drifting in an opposite direction® to that stream. This again was
owing to their great depth of the iceberg in their water, which,
reacned the Polar under-flow.
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Delivercd in the Hulme Town Hall, Manchester, Feb. 15th, 1871

Dr. Roscor, in introducing the lecturer, explained the great ser-
vice rendered by the Geological Survey of Great Britain in storing
up valuable records in regard to coal and other mines for the use
of posterity. Mr. Green, their lecturer, was a distinguished
member of this Geological Survey.

{4r. GrREEN said,—ladies and gentlemen,—I am afraid that I
comexbefore you this evemng with somewhat a stale subject. My
friend Mr. Dawkins gave you, some time ago, a lecture on the subject
of coal. In that lecture, however, he confined himself mainly to an
account of the formation of coal itself, a subject quite sufficient to
take up the whole of a lecture ; and he did not attempt to go fully
into—though he did slightly touch upon—an account of the
formation of the mass of measures in which the coal beds are
found. I propose to-mght to atfempt to supplement Mr. Daw-
kins's lecture by a description of the way, not in which coal itself
was formed, but of the way in which the body of strata in which
coal occurs havk been formed. I will endeavour to give you
some notion’ of wRst was the physical geography of this por-
tion. of the world during the time when coal was formed; and,
lastly, show you what it is that has placed the coal in the posi-
tion in which we now have to work it. I shall try to lay
before you shortly an account of all that went on during the
forriation of the coal beds themselves, and of their associated
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strata ; to give you, in fact, one chapter of that far distant portion
of the earth’s history which the science of geology has taught us.

We know now that the earth has had a far longer lifetiae than
s popularly assigned to it. It used to be supposed that the
earth was some six thousand and oddsyfars old ; but we know
that it has had a very, very much longer lifetime ; and we know that
during that lifetime it has undergone a series of strange changes and
revolutions. Of the earliest part of the earth’s lifetime we have
no actual written history left, but we are able to form, within cer-
tain limits, very reasonable conjectures of what it was like. Of
times later on—but still timés wiich, mecasured by human chrono-
logy, are immensely remote—we have a history; and just in the
same way as the history of a nhtion is written upon manuscripts,
or printed in books of parchment or paper, so this history of the
far off portion of the earth’s lifetime is written on the rocks of
that thin external shell of the earth which we are able to explore
by dircct observation, and which, because it is so thin compared
with the whole mass of the earth, is generally spoken of as it
“crust.” It is the province of Geology to decipher this
record, byt the task is by no means an easy one. It is
something like working one’s way through an old chranicle,
the different volumes of which have becn contributed at
different tiies, by different writers of various styles and sorts
of penmanship, and various powers of description. Some of
the older volumes of this chronicle haye so suffered from the
effects of time that they are all but illegible; some of the
volumes have perished altogetHer; the history of some periods
was never written at all ; and some of the volumes may be cbm-
pared to those manuscripts which are cailed palimpsests, tfat is,
manuscripts from which the original writing has been effaced to
make woom for’ writings of a later date. It is one of these
volumes that I want to bring before you to-night, and that
volume is known in geology by the name of the Carboniferous
Formation ; and the part of it that we shall be most especially
concerned with is called the Coal Measures, being the part
which ‘contains all the workable beds of coal that occur in
England. *

The Coal Measures are made up of differen§ kinds of rocks.
In the main we may say that there are five different kinds of
rocks in them. There are sandstones; you #1 know what a sand-
stone is. ‘There is the rock ifamed shale by geologists, and which
is known more popularly, especially amongst miners and colliers,
by the name of “bind”; there is limestone; there is coal itself;
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and there is a peculiar sort of clay which is always found under
each bed of coal, which is sometimes called the under-clay, and
which goes by different names in dlﬂ'erent parts of the country. In
Yorkshire we generallyccall it “spavin” ; and I think in Lancashire
that you know it by th¢ name of “warrant,” or “seat earth.”
Of these rocks the sandstones and shales "have that bedded
structure which shows that they have been deposited under
water ; that is to say, they are divided into a number of
layers lying one on the top of another, somewhat in the same
way that a pile of volumes lie when placed on the floor of a room.
In fact, these sandstones and shales are nothing more than sand
and mud that has been washed off, the fac= of the ground by rain,
carried by rain into brooks, by brooks borne on into rivers, and
swept along by the rivers till they entered the comparatively still
water of the sea or a large lake, and then lct fall to the bottom. I
shall not attempt to-night to go qver the proofs of this assertion ;
I shall take it for granted that you are all very well acquainted
‘with this elementary bit of geological knowledge and with the
reasoning by which it is established. But though I assume the
genejal ﬁct that these shales and saundstones are formed in the
way which I have described, it will be necessary for us to look a
little more nto the details of their formation.

“ We will begin with the shalcs, which are not]ung in the world
but hard clay, splitting up, in most cases, rcadily into a number of
thin parallel layers. We rhust first of all note that«the matter out
of which rocks deposited under water had been formed, has been
caryied down in two different ways. When this matter is light or
finelytdivided, 1t can be held 1n suspension in the water of the
river which bears it along; if it is coarse or heavy, it can only be
carried forward by being pushed along the bottom. The first sort
of sediment makes the river muddy; the second sort, which is
pushed along the bottom, causes a peculiar grating and rolling
sound, which you may often notice by patiently listening as you
float quxetly in a boat down any large river: Shale, which we are
now considering, has been formed of very finely divided gud, or
of a mixture of such mud with very fine sand ; and, consequently,
the materials out of which it has been formed were, as a rule,
carried in suspénsion. When the stream which carried them
alodg entéred the s@a or a large lake, its velocity was checked ;
but this finely divided anatter did nqt necessarily fall down plump
at once o the bottom, but was carried forward very often to long
distances by even the small amount of velocity which the stream
was enabled to retain. And if the sea into which it was borne
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was traversed by currents or was subject to tides, these currents
and tides would still further aid in spreading out this finely divided
sediment over larger areas. Again, if there were any interruptions
in the supply of sediment, any pauses in this supply, each layer-
when it had fallen down would have time to harden slightly before
the next layer was placed above it; and in this way the bedded
structure of shale, in virtue of which it splits up into fine
laminz, has been produced. You see, then, that, on account of
the very gentle regularity with which the finely divided matter
out of which shale has been formed settled down, shales will
show great regularity of thickness over a large area, and will
extend to very great digstances, far away from the mouth of the
river which brings down this fnatter ; and, upon the whole, the
general character of shales will be uniformity of composition and
regularity of bedding cver very, very large arcas. In this diagram
¢section of coal measures) you see that the beds of shale present
¢throughout a uniformity of thickness and bedding. ‘That is the
notable fcature about the shales. Ve

We next come to the sandstones, which are formed of a mass of
sand, or, as it would be called in mineralogical language, “quartz ;”
and because sand or quartz is a very hard substance, it i# not
easily ground down to a finely divided state, and, therefore, its
grains are large ; also quartz is 2 heavy substance. For these twp
reasons, the materials out of which sandstone are formed «cannot
be carried in suspension ; but, as g ruley except the current be
very violent, the only way in which it can be borne down in
ordinary currents is by being pus‘hed along the bottom. When a
running stream that is pushing forward this sandy matter ;nfers
still, deep water, its velocity is checked, and the sand, instead of
being carried out to very great distances far and wide, like the
finely diwided silt out of which the shale was formed, sinks rapidly
to the bottom and accumuiates in a bank of a wedge shape, which
forms near the mouth of the river that has brought down the
matter. [The lecturer illustrated this by making a sketch with
chalk upon the blackboard.] sFor instance, this represents the
surface of the land, and that the water, and we will suppose a
river entering and rolling down a quantity of this coarse sandy
matter; this cannot be carried very far, but will be thrown down
in a bank. In the shallow water over the top of this bank, the
stream will still retain its velocity, and, there‘fde, it will keep rolling
sand along; but, on reachihg the deep water, the sand will
be again thrown down and another bank will be piled up;
and so on, bank after bank will be piled up of sandy matter,
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all of the same shape; so that, in the end, these beds of
sandstone will be always wedge-shaped, with their thick .end
towards the source from which the sediment comes, and

" their thin end pointing in the opposite direction. In this diagram
the yellow parts represent the bands of sandstone, and you see
that in every case they are just such wedge-shaped masses as I
have described to you. They are found to be such in all actual
cases, ard in many cases, if I were sinking a coal pit,—here
for instance—TI should pass through three thick beds of sandstone.
1 might possibly in sinking here miss_the two upper beds of sand-
stone, and only find the lower‘dne. ~Sometimes in a railway cut-
ting you will see the actual wedging out of these beds of sandstome -
and their dovetailing into the shales exactly in the way shown in
that diagram. I may explain a little further the way in which that
dovetailing has been produced. The stream which brought down
the sandy sediment out of which this bed of sandstone was formed,
carried down also at the same time a quantity of finely divided

«mud or silt. The sand was thrown near the mouth of the river;
the silt, on account of its finely divided state, was carried further
out to 3a, and, therefore, while a little bank of sand was formed
neartthe mouth of the river, a bed of shale was deposited somewhere
out at sea. Again,unore sand was rolled over the top here, adding
to this sand bank, and the finely divided silt was carried out and
depositzd as shale there. So that we get constantly in that way
formations of sandstone reay the shore, and of shale far off the
shore, going on simultaneously.

There is one more point to notice about the formation of these
sandgtones. [Illustrated with blackboard.] Supposing that we
have here one of these banks of sand which is being formed in
the way I have described. This being the surface of the water,
the sand is rolled along here by the force of the current, and when
it arrives here the current loses its carrying force and the sand is
thrown down, and it will roll over and be arranged in a little sloping
layer. More sand will be carried on, and another layer with a
similar slope will be added, and s> on; so that in the end, these
sand banks, besides showing great main lines of bedding, such as
these and these, will also be traversed by a number of planes of
bedding rinning across diagonal wise, and inclined at an angle to
the. main lines of bedding. Note here specially that, these lines of
cross bedding all sﬂBRe in the direction in which the current is
running. Therefore, if 1 see a sahdstone like this, in which all
the planes of cross bedding dip in a certain direction, I know that
it was produced by a cuncnt which ran in the same direction as
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the planes of cross bedding dip. The same conclusion will be
derived from the fact that the sandstone bed is thickest towards
the rise and thinnest towards the dip of the planes of cross bed-
ding ; the two facts both point to the same conclusion.

We next come to limestone. Limgst8ne was not formed out
of sediment carried down by rivers into seas or lakes, but all
great masses of limestone have been formed in this way. Lime-
stone is mainly made up of carbonate of lime, and sea water
contains a small quantity of carbonate of lime in solution.
Now, there are certain animals that hve in sea water, shell
fish, corals, &c., which havethe power of extracting this carbonate
of lime from the sea water, and out of it building up the hard
dwellings in which they live, orYome part of their animal organism.
On the death of these animals, their hard parts, which are formed
of pure carbonate of I'me, fall to the bottom of the sea, and there
accumulate in a greav heap, and this great heap, by pressure
and chemical changes and other agencies, is afterwards turned
into limestone. These animals that secrete the carbonate of Jime,
from the sea watcr, as a rule, flourish only where the water is
clear ; they cannot live in muddy water ; and therefore they are
found, as a rule, in water so far distant from the shore that no
sediment borne by rivers can reach them. /JFrom this fact we
draw a very important conclusion, which we shall find very usefyl
further on in the lecture ; and the conclusion is this—that wherever
we find a great mass of nearly purq ljmestone, then we are
quite sure that at the time the limeswone was formed the spot
where it is now found was far oflt at sea; but wherever we find
the limestone becoming earthy, and interminglzd with sedimentfry
deposits, such as sandstone and shales, we know then that w% are
getting near the old coast line.

The next class of rocks are the clays that are found beneath
every béd of coal, and which are known as under-clays, or warrant,
or spavins. They vary very much in mineral composition.
Sometimes they are soft unctuous clay; sometimes clay mixed
with a certain proportion of sgnd ; and sometimes they contain
such a large proportion of silicious matters that they become
hard flinty rock, which* many of you know under the name
of “gannister.” But all undcrclays agree in twg points. They
are all unstratified; they differ totally from the shales and
sandstones in this respect ; and instead of spl#ting up readily into
thin lamin, they break up in irvregular shaped lumpy masses. And
they all contain a very peculiar vegetable fossil called ‘|stigmaria.”
In this diagramUthere is represented a bed of underclay with the
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coal above it containing a number of these stigmaria, whicn you
see are branched vegetable fossils, dotted all over with little pits,
and from these run out in cvery direction into the clay innumerable
black filaments, somgtimes to such a great extent that the whole
clay is one thickly matte. mass of them. A good many of them
are shown in this diagram, but not unfrequently you will find the
under-clay much more thickly penetrated by these black threads
of the stigmaria. When we get the stigmaria very perfect, it is found
to have a shape something like this—in the centre there is a flat
disc, and from that disc there are spread out generally four arms,
wlm_h at a certain distance from thc disc bifurcate, or divide into

. two, and each of these branches agam divide into two, and from

these branches the thin filaments are given off in great numbers.
This strange fossil was for a long time a sore puzzle to fossil
botanists. Brogniart suggested a long time ago, on botanical
grounds, that it was very hkely a root. Sir Wm. Logan pointed
out the important fact that it was always found in under-clays ; and
that when it was found, as it is somctimes, in other beds, in shales or
sandstones, it always then presented the appcarance of having
been morgor less rolled, and that it had not got these long fila-
mets attalhed to it ; in fact, that when you see it in under-clay it
looked periegtly well at home, but if you saw it anywhere else

(it looked by no means so comfortable and at its ease And,

last of all, Mr. Binney fairly solved the problem by the discovery
of a tree embedded i in, the coal measures, and standing erect just
as it grew, with its roots spread out into the stratum on which it
stood. These roots were stigndaria, and the stuff into which they
pen‘etrated was an under-clay. Professor Roscoe kindly reminds
me that the casts of these actual fossils may now be seen in the
Museum in Peter Street, and splendid fossils they are. The
geheral appearance of this fossil is shown here. There is the tree
standing erect as it grew, and from it are the roots spreading out
into the bed on which the tree stood. These roots were found to

be stigmaria ; this is the under-clay, with a thin bed of coal lying
on the top of it. There can be po doubt whatever now as to what

the true explanation was. The stigmaria were roots of trees like
this, or some other trees, and the uader-clays were the old
soils on which these trees grew. It is not very often that we still
find the trees standing erect, because certain circumstances, which
we siufl come to“ay-and- bye, have generally thrown them down;
but €ven when we db not find these trees standing erect, we often
find’ them j 4n very large numbers in the roof of the coal, evidently
having been tossed over, and lying there flat and squeued thin by
the pressure,of the measures that lie above thens.
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Lastly we come to coal itself. I need not say much, after the
full explanation that Mr. Dawkins gave to you, about the vegetable
origin of coal. Itis a thing umiversally adpitted on all hauds,
and he explained it so fully, and dwelt so thoroughly on all its
details, that I shall take it for granted you are all perfectly
convinced that coal has been nothing in the world but a great
mass of vegetable matter. ‘The only question is—1lIow were these
huge masses of vegcetable matter brought together? and you
must reahse that they were yery large masses indeed. Just to
take one instance. The Yorkshire and Derbyshire coal field
is somewhere about 700 fo Sco squarc miles in area, and the
Lancashire coal field about 200. * Well, in both these coal fields
you have a great number of beds of coal that spread over the
whole of them with tolerable regularity and thickness, and very
often with scarcely any break whatever. And this, as we shall see
by and by, is only a very small pdrtion of what must have been
the original sheet of coal; so that yoy sce we have to account fer
a mass of vegetable matter perfectly free, or nearly free from any
admmture of sand, mud, or dirt, and laid down with tolerably
uniform thickness over many hundred square miles. At one tithe
it was supposcd that the coal was formed nut of dead trces and
plants, which were swept down by rivers into the sea, just
1n the same way as shales and sandstones were formed out of 'mud
and sand so swept down. It is not very, easysto sce how in this way
such a light matter as dead wood cquld bespread with this wonder-
ful regularity and uniformity over such very large areas. The fata}
objection to this theory, however, is, that rivers woald not bring
down dead wood alone, but they would Lring down besides sand,
mud, and othcr matters, and that in the bottom of the sea the dead
wood woulg be mixed with these matters, and instead of getting a
perfectly unmixed, or very neaily unmixed, mass of vegetable
matter, we should have a mixture of dead plants, sand, mud, and
other things, which would give rise certainly to something like
coal, but to something very different, as any one who tries
to burn such coal will soon find out, from a really good, pure
house coal. So that thts theory, which is generally known
as the “drift” theory, was totally inadequates to account
for the facts as we know them. The other theory was
that the’ coal was formed out of plants an® trees that grew
on the spot where we now fihd the coal itsell  On this
supposition we could very readily account for the absenee of any
foreign admixtures of sand, mud, or clay in the coal ; and we could
also understand, very much better than by the aid of the drift
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theory, how the coal had accumulated with such wonderful
regularity and uniformity of thickness over such very large areas.
This theory was for some time but poorly received; but
after the discovery of Gir William Logan that every bed of
coal had a bed of under-clay beneath, and the discovery of Mr.
Binney, that these under-clays were true soils on which plants
had undoubtedly grown, there was no doubt whatever that this
was the real and true explanation of the matter. I dare say
that many of you have had occasion to walk across peat bogs,
for there are many of them to be found within a few miles of Man
chester ; and it is not at all a hard thing to see within a few hours
of one another a section of coal‘and its underclay, and a section
of peat bog made by one of those deep gullies which you find in
all large peat bogs, and the resemblance between the two is very
striking 1ndeed. The peat bog is a great mass of vegetable
matter, which is every year frowing thicker and thicker; and
ufiderneath it there is almost glways a bed of thin clay, in look very
much like the under-clays; and this thin clay is penetrated by the
rootlets dgthe moss forming the peat, exactly in the same wgy as
thé under- clays of the coal measures are penetrated by the stig-
maria and its rooilets. But you must not suppose that the plants
out of which coal were formed were exactly the same as the low
type'of moss which form our present peat bogs. Mr. Dawkine
told you, I think, quite~ag much as is known about these coal
plants. A good deal has been learned lately about them, and still
¢here are many points with regard to their affinities to modern
vegetation which still'want to be made out. However, it is pretty
certain that they were for the most part of a loose, succulent
texture, and that they grew very rapidly indeed.

You will have noticed that there is one step more wanted
to make complete this theory of the growth of coal on
the spot where we now find it. The coal is found, as this
diagram shows, inter-bedded with shales and sandstones. These
shales and sandstones we have seen were formed beneath
the water of the sea, and as long as they remained there, of course
no plants could grow upon them, The question is—how was a
land surface formed for the growth of plants? It must have been
formed in some way or other by the sea bottom having been raised
above the level of the water. Now we have distinct proof in very
many cases that elevation of the sea bottom and depression of the
land is now going on in many parts of the earth’ssurface. And, there-
fore, we shall be assuming nothing beyond therangeof ourexperience
if we say ‘that such elevations and depressions went on during
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coal measure times. The coal measure times must have been
times during which the same spot was now below the sea and now
dry land over and over again. There was aland surface on which
plants sprung up and grew fast and multipligd rapidly, and as they
diced, fell and accumulated in a great hea£ of dead vegetable mat-
ter. After a time this layer—for “layer” would be a better word
than “ heap ”"—of vegetable matter was slowly and gently let down
beneath the waters of the sea,—so slowly and gently that the water
flowing over it did not, as a rule, disturb the loose pasty mass.
And then by the method I hawe dgscribed to you, shales and sand-
stones were deposited on the top of this mass of dead vegetable
matter. By their weigit thew compressed it, and by certain
chemical changes, which I shall not have time to go into, even if
they were satisfactorily understood, this mass of vcgetable matter
was converted into coal.  After a time the shales and sandstones
which had been piled up above this stuff which was to form coal
for the future, were again elevated to form a land surface ; upon
this another forest sprung up, and by its decay produced anosherq
mass of vegetable matter fit to form coal. This again was let down
below the water, more shales and sandstones were deposited on the
top, and this process went on over and over again till the whole
mass of our present coal measures was formed?

You will now see how it is that we so seldom find treesg
standing upright in the way represented in that diagram. s the
land went down, they would in very miny cases be toppled over
by the water as it flowed against them ; or their base would be
rotted by the water, and they would fall over or be blown oyer.
That is the reason why, in most cases, we do not find the,trees
standing upright, but find them toppled over and lying flat on the
roof of the coal bed. But in a few cases, when the depression
was very gentle and gradual, the trees were not overthrown, and
the shales and sandstones accumulated around them and preserved
them in the position in which they grew.

Having now explained the way in which each of the several
members of the coal measures have been formed, we will see how
they are put together when we look at the coal measures as a
group. This is what is called a geological section. Supposing
you were to dig a trench some hundred yards deep and a good
mhany miles long across this great coal field, you would see some-
ching like this, in the sides,of the trench, where the dark black
represents the beds of coal, the lighter black the shales, and
the yellows the sandstones. We shall come to the details
of this by-and-bye; for the present I want you particularly
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to note what I have already impressed upon you—the wedge-
shaped form of the sandstones, and the direction of their planes
of current bedding; these show that they were formed, not
by one single river, bfit by many rivers entering the sea at different
points and flowing in different directions. This sandstone, for
instance, must have been formed by a river flowing in that
direction, and that little wedge-shaped bit at the top by onc
flowing in the opposite direction; that by a river flowing to the
right, and this by a river flowing to the left. If instead of a
section I had taken a map atd determined by means of these
planes of bedding the direction of the current of the different
rivers that must have contributed’ their share to the coal measures,
you would have had rivers falling in in every direction.

I think we shall now be able to form some opinion as to what
sort of sea it was in which these coal measures were deposited.
What I said just now shows that they were not the work of a
single river ; they are not like the Deltas of the great Mississipi,
or the Gangcs, which are formed in the main by a single river,
but are dyge to a large number of rivers flowing from different
quarters in different directions. Again, in these beds we find
constantly the remains of land plants—plants that grew on land.
These plants have evidently been dritted, because they are seldom
or nerer quite entire. But it is evident they have not been
drifted very far, because though leaflets have been broken from
branches, and branches from trees, the broken portions are them-
selves singularly perfect; in fadt, in some cases the ferns are so
béautifully perfect that they might have been presetved by design
by & botanist. Therefore these plants, which grew on land,
have been drifted, but they have not been drifted very far; that is
to say, the sea in which these measures were deposited always
had Iand at no very great distance from it. These two facts—
the fact that the deposits must have come from different quarters,
and that the land could never have been very far off—will be
explained if we suppose that the coal measures were deposited in
a land-locked sea, fed by rivers flowing into it from different
quarters. And again, because a large number of the coal measure
rocks are formgd of such heavy materials that they could only
have been carried down by being pushed along the bottom, and
becaude currents seffiziently powerful to push them along the
bottom could not exist in deep water, we know that the sea must
have been tolerably shallow throughout. Therefore you arrive at
the fact that the sea in which these coal measures were deposited
must have been land-locked, and in no part of it very deep.
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. However, a difficulty occurs here. The coal measures are of
enormous thickness—10,000 to 12,000 feet thick in some cases—
and therefore you might suppose that they must have required a
sea of at least this depth to allow room for them to accumulate in.
This difficulty is very easily got over. Suppose that the sca was
shallow, but that during the whole time of the formation of the
coal measures its bottom was sinking very slowly, but regularly;
if the rate at which the bottoin sank, and therefore the rate
at which the sinking tended to deepen the sea was about equal to
the rate at which the deposition ef the sediment tended to fill it up,
the sca would remain shallow throughout, and still we may have
any thickness of beds deposited in it. However, though I have
spoken of this sinking golng on regularly, which it did for the most

part, there were exceptions. You'have seen that it was necessary

for the formation of coal beds that we should have a land surface
for the trces to grow upen. New, how was this land surface pro-
duced? 1t must have been produced undoubtedly by pauses
which occurred every now and then in the sinking of tife sea-
bottom. When the sea-bottom ceased to sink, the deposition
of sediment would tend to fill the sea up. Whether this alone
would suffice to produce the land surface appears to me®a very
open question. I cannot conceive a deposition of sediment en-
tirely filling up the sea; it might shallow it to a great extent,
but I cannot conceive that it would entirely fill it up; therefore
I think it likely that every now arfd thefi a pause occurred in the
sinking, and that in consequeitce of this pause, the deposition of
sediment tended to fill the sca up, and did fill it up to a cestain
extent, and that then the work was completed by a slight
upheaval of the sea-bottom. Possibly it all might have been done
by upheaval ; but in any case I think thete might have been some
little upheaval, though deposition of sediment may have contributed
its share in producing this land surface. ' And when the land sur-
face was formed, trees began to grow upon it in the manner I
have already described. R

I think we shall understand the case better if I lay before you
an actual instance ; and thercfore I will explain to you,as far as
I can, what was the position and where the shores were of the sea
in which the coal measures of the centre and *horth of England
were deposited. This map, (* showing thggeneral distribution of
land and sea during the carkoniferous times”) represents the pro-
bable distribution of land and sea during the time when our coal
measures were formed. The brown represents the land, the blue
the sea, and the dark black the present distribution of land.
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We have over the centre and north of England a number of de-
tached patches of coal measures, known as coal fields. There are the
hittle coal fields of Leicestershire, Warwickshire, South Staffordshire,
Coal Brook Dale, North Wales and Angledea; then there are the
great coal fields of Lancashire, Yorkshire, Derbyshire,and Northum-
berland, and a littie coal field near Whitehaven. There are also
coal fields in Scotland, and there are large patches of coal measures,
though not containing much coal, in Ireland. Now there i very
little doubt whatever that all these patches of coal measures in
the north and centre of England, and very likely the coal
measures of Scotland and Ireland, are only parts of one great
sheet of coal measures which sfretched «it one time not only over
the spots where we now find coal-bearing rocks, but also over all
the intermediate area. Probably all these detached patches were
united in one grcat sheet of coal measures, and we have to
determine the boundaries of the sea in which this sheet of coal
measures was formed. Of course it takes in all existing coal
ficlds; and the only question is—How much further did if®
extend? Now, properly to solve this question, I shall have to
take you a little further down among the measures, and instegd ot
dealing with the coal measures proper, to bging before you the
whole of the carboniferous formation. The carboniferous forma-
tion consists of two parts—the upper part, of which thege cofl
measures may be taken as the type, gonsisting of shales, sand-
stone, and clay; and the lower pdrt, which consists mainly of
limestone, this limestone being in some cascs of great thick-
ness, and free from any admixture of foreign matter; and®in
other places being inter-bedded with sedimentary deposits of %hale
and sandstone. Now you will recollect I said a little time back
that ligestone was formed by the agency of animals which
secrete:il carbonate of lime from the water, and that wherever we
found this limestone pure and thick, the water must have been
deep and clear and far away from the shore, but that wherever
this limestone is mixed up with sedimentary deposits, we know
we must be near the old coast line ; and it is by the consideration
of this fact that we are emabled mainly to determ.ne the boundaries
of the old carboniferous sea. In the centre of Derbyshire, as
shown in this section—where blue represents the limestone, and
dark brown represents the rocks that fornw the bed of the old
carboniferous sea—we have the limestone quite pure and of very
great thickness; but as we go southwards into Leicestershire
we find the limestone becoming thinner and thinner, and
mixed up to a great extent with beds of shale and sandstope,
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as shown by those yellow wedges. We know, then, that in
the coal measure times there was deep sea In Derbyshire,
and that in Leicestershire we were very near the old coast
line. If we go still farther south, into South Staffordshire, we
find the limestonc wanting altogether ; and therefore we know
that we must be there still closer to the old coast line than in
Leicestershire. The Leicestershire coal ficld is that tiny patch,
and ds I said we are there near the old coast line, I have therefore
run the coast line up into a little promontory towards the Leices-
tershire coal field. The South Stwafforishire coal field is shown by
this patch, and as there also we are near the old coast line, I have
run up the land into a similar promonttry there. In this South
Staffordshire coal field they found some time ago a very singular
trace of this coast line, which this diagram is drawn to explain. The
coal which is of most importance there is known as the “ thick” or
“ten yard coal,” and over paré of the field it had been very
Jargely worked.  In sinking to this thick coal they passed through
a series of easily recognisable measures. Of these measures I have
only put fogr well known coals. You will see that we have here
threq, of these coals close together, then a long interval without
coal, and then another coal; and in all former sinkings the thick
coal had been found at a certain depth below this easily recognised
group of beds. They then, some way south of any collieries, put
down a bore hole in search of coal. They found these overlying
measures as usual, and ‘accorfling to all past experience they were
justified in expecting that at tlte usual distance between these
upber coals they would come to the thick coal. But to their great
disapbointment, shortly after passing through this group of beds,
they came, not to the thick coal as they expected, but toa mass of stuft
that looked like gravel formed out of rocks known to be rauch older
than the coal measures. The explanation was perfectly easy ; they
had got upon the old shore line of the carboniferous sea, and this
mass of pebbles was nothing in the world but shingle that had
been formed on that ancient shore, just in the same way as we
see shingle forming every day now by the waves on a modern
beach. You see clearly now why that boge-hole did not reach the
thick coal. The,slope of the land being to the north, the highest
beds of coal stretched further to the south than the lower beds,
therefore they foundmthe higher beds, but the thick coal had been
cut off when it reached that old caqast line.
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It is by considerations like this that the boundary of the carboni-
ferous sea has been laid down. We have not time to go into details,
but I may just mention one reason why I have put so much land
in this quarter up towards Norway. A great many coal measure
sandstones had evidently Been formed by the disintegration of
granite ; and Mr. Sorby pointed out that granites having exactly
the nature required to furnish these sandstones are found in great
quantities in Norway and Sweden. Also, when we obscrve the

"direction of the plains of current bedding in thc carboniferous
sandstones, we find that in a very layge number of cases they
slone toward the south-west, and therefore that the current which
prought their sand must have come from the north-east. For these
reasons—Dbecause Norway and Sweden lie in the quarter indicated

*Dby these planes of current bedding as the source of the sand, and
also becausc the rocks there are just such as would furnish the
wmaterials of many of the carboniferous sandstones, we conclude
that a large portion of the coal measures was probably derived

* from the waste ot land formed by a southward prolongation of the
great Scandjpavian peninsula. ‘There is one more fact which I
think worth notice, which tends to confirm the distribution of land
and sea, as shown on that map. You will see that T have drawn
a narrow tongue of land running across the centre of England,
and intrpduced sea again to the south of it. ‘There are reasons
for that which I cannot go into now. This section, which has
reference, not to the coal ‘meusures, but to the limestone part of
the carboniferous formation, runs from Leicestershire up into
Scofiand. You will note that at the southern boundary of the
limestdne, though there are interbedded masses of sedimentary
rocks, they do not run very far into the limestone. But here on
the north you get long tongues of sandstone and shale stretching
far away south. Now, the reason of that is, the sediment, which
formed these small tongues on the south was brought down by
rivers traversing only this narrow tongue of land ; and that tongue
of land being very narrow, only gave rise to small rivers which
would not be able to carry down vtry much sediment, and which,
because their velocity would be small, would be unable to carry
that little very far into the sea; hence these wedges of interstra-
tified shales and ‘sandstone on the south do not reach very far;
but on ‘the north the givers would drain a very large area of pro-
bably mountainous country; they, therefore, would be large
rivers, bringing down very large masses of matter, and on account
of their velocity would be able to carry that sedimefitary matter
very far out to sea. Hence we have these long tongues on the
porth running to a great distance out among the limestone.
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We will now sum up: the succession of events that went
on during the time when the carboniferous rocks were being
formed. Over an area occupied by Scandinavia and the
north of England, Ireland, and Scodand, there was the dis-
tribution of land and sea shown off that map. At first, in the
centre of this land-locked marine area, the water was deep, and
though streams charged with sediment no doubt flowed into it,
they would on entering this deep water have their velocity eéhecked,
and would very soon after leaving the land part with their sedi-
ment. Thercfore the wazer in the middle would be clear and free
from mud, and this clear water would be a fitting home for those
lime-producing marin® animals which form the limestone in the way
I have described. Therefore there was formed there a great thick
mass of pure limestone. DBut round the coast matters would bg
very different. The water there would be more or less muddy,
and the limestone-crcating apimals would have by no means so
easy a time of it. Perhaps the water would be clear for a time,
and they would be able to live and build up a layer of linsestone.
Then there would be an irruption of mud or sand which would
either kill them or drive them away, and form a layer of shale o
sandstone. Then, again, there might be clear water for®a time,
and the limestone-forming animals would’come back and form
another layer, producing this interbedding of shale with limestone
shown in that section. But after a time a change camé over this
carboniferous sea. The sea bottém“wa$ gradually upheaved over
the deep central space, and the water became shallow throughout.
The rivers now, when they entered this water, instead of Waving
their velocity suddenly checktd, would be able to keep qup their
currents and their carrying power over nearly the whole of the
marine area, and in every direction it would be traversed by
strealns of water bringing in large quantities mud, sand, and
other such matters. Water fouled in this way would no longer
serve as a dwelling place for the limestone-producing animals,
and they would be either killed off, or thecy would have to
migrate to some more favourable haunts. When this state
of things had been brought about, that is to say, when the sea
was made shallow throughout, there set in a very gradual and
regular sinking of the sea bottom, so that as fist as the deposition
of sediment tended to fill up the sea, the ginking of the sea bottom
tended to deepen it, and the two processes went on at the same
rate; sediment, therefore, was constantly deposited in the sea,
which at the same time remained permanently shallow throughout.
In this way shales and sandstones were formed. But every now
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and then a pause would occur in this sinking, and during this
pause, the deposition of sediment would rapidly fill up the shallow
sea; and when it had very nearly filled it up, perhaps a slight
elevation of the sea botwym would take place, and the whole o1
part of the area would be converted into dry land ; and whenever
this took place a luxuriant growth of dense vegetation sprang up
upon this dry land, and as it grew and flourished and the trees died
and fell'to the ground, there accumulated a great layer of dead
vegetable matter. There would be very little admixture of sand
or mud with this vegetable matter,cbecguse the strcams that did
find their way over the nearly flat surfacc would be sluggish and
unable to bring much with them, attd what little mud they did
bring would be filtered out of them as they trickled through the
«lense mass of underwood that grew all around this forest. This
is clearly illustrated by Sir Charles Lyell by the case of the cypress
swamps of the Mississippi, where, he noticed that though the
water all around was largely charged with sediment, but that
affer Having tritkled through the undergrowth that surrounded
the trees on gyl sides, it issued quite pure. If the plants actually
grew o land, which they most likely did, this land was probably
only just raised 1hove, the sea level. Every now and then a slight
sinking would nccur, which would bring the mass of vegetable
matter jugt below the surface of the water. Then into this water
mud or sand would be pouregd and form a thin layer of shale and
sandstone. Then, if as light ubheaval occurred, fresh vegetable
growth would take place on the top, and another bed of ccal
woul& be formed ; and then, if this sunk again, thcre might be
anothertthin layer of shale and sandstone formed, and above that
another mass of vegetable matter. So that in this way, what are
called, in mining terms, ¢ partings” between the beds of coal were
bsought about. The most striking instance of this is in the ten-yard
coal of South Statiordshire, which is made up of many beds of coal,
«twelve or thirteen in number, which in one portion of* the field all
run together, making one great mass of coal ten yards thick.
As you trace these beds northwards, they are gradually separated
by wedge shaped masses of shale and sandstone coming in between
them. That was brought about in the way I have described.
Again, sometimes during the formation of beds of coal, a large
river would by some change of physical geography be turned upon
a bed of wegetable matter and eat out,in it a great valley, such as
we have shown here. You have here a thick bed of coal gradually
wedging out to nothing. In this case there is no doubt that it was
originally a bed ‘of coal of uniform thickness stretching over the
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whole area, and that a river was turned across the sheet of
vegetable matter and cut out in it a hollow, and afterwards sand
filled up the hollow, and the place of the coal was taken by sand-
stone. ‘These things are of constan* ocqgurrence, and are known
as “rock faults.” ¢

I do not know that we can point to anything now-a-days that
exactly rescmbles the state of things that mmust have gone on during
thetime these coal measures were formed ; but therearea greas many
cases which are strikingly analogous to them. I shall not attempt
to describe them to you, sbut,may just mention the mangrove
swamps that very often fringe the coasts in the tropics, and the
cypress swamps of the Mississippi, which Sir Charles Lyell has
described so well; and also the grcat dismal swamp of Virginia,
which appears to me to furnish the nearcst analogue to the state
of things that existed during coal measure times. This is well
described in Sir Charles Lyell's sccond visit to the United States.
And I recollect reading an admirable description of it in Dr.
Russell's (Zimes correspondent) account of his «travels in the
Southern States of America during the war. Dr. Russell did not
pretend to be a geologist, but he described what he saw, and his
account is a very valuabie contribution to geologica knowledge.
There is no earthly reason why any working’man—and I believe
I am addressing mainly working men to-night—who has his eyes
and wits about him, should not, by noting and describiflg what
he sees, as Dr. Russell did in this cese} adld to our stock of geolo-
gical knowledge. .

I have just one more point and then I have done. You evill
very naturally ask me, if these cdal measures once stretched awer all
this area coloured blue on the map, how is.it that we have been so
unlucky as to have so little of it left? The reasons are very
simple® Originally these bed: of coal, shales, and sandstones lay
stretched out in level planes, as shown in that section ; but after a
time, the slowwsubsidence of the sca bottom, which had gone on
continually during their formation, ceased, and a great upheaval
took place. And not only wére the beds upheaved, but during
their upheaval, they were thrown into hollows and bent into

arches; so that instead of lying flat, they came to take such’

shapes as this. [Here the lecturer drew a sketch on the black
board]. Now, as long as the beds lay flagat the bottom of the
sea they were safe enough,, because thgough the deep water
no powerful currents could run to wear or denude them away;
but directly they begin to be moved up into these folds and
arches, the crests of the arches would be brought up nearly to the
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sca level, and they would then come within the destructive action
of the sea waves, and the sea pared them off, slice after slice.
You must not suppose that the folding was produced all at once
by any violent movemgent. The folding and upheaval probably
went on very slowly and ‘gradually, and as bit after bit of each of
these crests or arches was brought up to the sea level, it was pared
off in the manner I have shown. Further upheaval would bring
still more within reach of the action of the waves, and still more
would be pared off; and so it would go on paring and paring off,
until at last we should only have, letdhe parts which occupied the
depressions or troughs, and the portions bent up into these arches
would be totally swept away. Tkat is she reason why we have
such a small portion of the original sheet of the coal measures left,
and also why the portions we have lie, almost invariably, in
troughs or basins. If you ask me what it was which brought
this upheaving and folding of the beds, I can only answer that
this is one of the great problems ‘of geology which still wants solu-
etiom Several plausible explanations have becn offered, but as
yet we l\n%w nothing for certain about the cause of such move-
ments.

I have tried your patience long enough; and I have to thank
you for listening té me so attentively ; but I have by no means
exhausted the subject. All I have had time to do has been to
sketch' out the outline, and I must leave you to fill up the
details for yourselves.: Mowever, I shall have done all I could
reasonably expect, if for the futnre a sandstone quarry or a block
of. coal becomes more full of meaning to any of you than it was
befoxe, and if T shall have aroused in you an interest in one of
the many curious stories which natural objects have to tell us if
we only learn how to question them aright.

On the motion of Alderman RuMNEY, the thanks of the zudience
were given to Mr. Green for his very interesting and instructive
lecture, -
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Delivered in the Hulme Town Hall, Manchester, February 25, 1871

Dr. Roscog, in introducing Mr. Lockyer, said there was no
man living who knew more about the physical constitution of the
sun than their distinguished lecturer, to whom he felt much in-
debted for taking the trouble to make a special journey from
London to deliver this lecture. Dr. Roscoe also expressed hi§
indebtedness to Mr. Harrison for placingthe whole of his apparatus
at their disposal, and superintending ts us¢ himself.

Mr. LockvEer said :—[t is a great satisfaction to me to know
that in coming before you to-night to say a few words (for, affer
all, in an hour or so one can only say a few words) about the®sun,
my way has been made smooth for me by that altogether admirable
discourse which has recently been delivered to you' by Professor
Roscoe. ® He told you how Newton arranging the facts which
he had inherited from those who had gone before him, touching
the action of a-little piece of glass called a * prism,” discovered
that white light, including the light which we get from the sun,
consists of different colours ; and Professor Roscoe also told you
how Wollaston, Fraunhofer, and especially Kirchhoff and Bunsen,
took up the wondrous tale, until, at last, nearly the whole story
which is to be read, by those who are cunning enough to read it,
in that glorious cypher-band which is calledethe solar spectrum,
was placed before man’s view, gnd the secret of the sun, to a very
iarge extent, might be said to have beenrevealed. This, then, is gy
starting point to-night. I take it for granted, not only that all ot
you who were privileged to hear it have recollected that important
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lecture, but also that the size of the sun, its distance from us, and
how the planet on which we dwell is but a little atom, so to speak,
travelling diligently roynd that sun, year after year—I say I take
it for granted that what we may call the “Sun’s place in Nature ”
and the most important solar discoveries of Kirchhoff and Bunsen
are, to a certain extent, familiar to you.

New, you will have understood, from what has already been
placed before you, that the work which was done by Kirchhoff
dealt with the sun, to a very large ejtent, as if it were a star. It
is quite true that the sun is a star; but it is the nearest star ; and
it is on this account that we have been gnabled recently to make
some advances, probably of some importance to science. You
know that the stars are so very far away from us that, even with
the largest telescopes which we can command, we can never get
anything more out of them than a small point, the brilliancy of
that point in the telescope depénding upon the size of the tele-
escope ; we can never make a star look as large as the sun ; nor can
we make jt look as large as cven the smallest of our fellow planets.
But with the sun you all know the case is different. Not only is
the $un obviously verv much larger than a star appears to be
because it is so much nearer to us, but it is so large that sometimes
wonderful things called “spots,” are even visible on the sun to
the n#ked eye. 'Now, the use of even a small telescope enables us
to observe the different parts of the sun’s face, and so you see we
are in a position to léarn very much more about the sun than we
can about the stars. I should hke, before I go further, therefore,
to gig’e you, as it were, a general giew of the sun, and explain some
of those phenomena which have been long known to those in-
terested in the subject. Now here, on this screen, we have a
small portion of the sun represented. Itis not the whole of the
sun, as you see, but it includes a part very near the sun's edge, or
as astronomers prefer to call it, the sun’s “limb;” and you see
that on the gencral surface, which is represented by the brighter
portion of the diagram, there are: here and there darker portions,
these are the ““spots.” There is one very obvious spot there,
and another there; and there is another one here, nearer the
sun’s edge. «

Now I hope I shall have time to explain a few hard words I
shall have to use a® I go on; so that I may as well tell you at
once that the brighter portion oft the sun which you see here is
cdlled the ‘photosphere”; that is to say, the *light sphere”;
because mast of the light which we get from the sun comes from
that portion. The meaning of the term “sun spot” speaks for
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3.—Octofler 10th,
4.—October 16th.

The Great Sun Spots of 1865.

entering on the vistble dise, October 7th.

t

Fig. L—Sun Spots.

&
PO
3.-—October 14#h, showing the formation of a bridge.

1.—The §;

itself. Here and there, in addition to the spets, you see some
portions which are brighter than the rest of the surface of the sun,
or the photosphere, and these are called “ffcule.” Now “facule”
simply means “torches,” faf/a being the Latin for a torch; and
the people who first gave names to these things called these
brighter portions “facule,” and these dimmer portions “ maculae” ;
the one meaning torches, and the other meaning spots. Now I
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will show you next one of these spots on a larger scale, and then’
you will see that a sun spot is a very wonderful thing indeed.
This spot was one drawn years ago by a distinguished astonomer .
living in Rome, where the sky is much clearer than it is here, and
therefore he was able to Sbserve it better than we generally can,,
even when we have large telescopes at our disposal. Here you
see is the general surface of the sun, the photosphere, and here
is the spot, and you see at once that in the spot itself are different
regions having different shades. I beg you to bear that in mind,
because as I go on I hope I shall be able to explain to you what
these shades mean. For along time men have been endeavouring
to get at the secret of these spots: and bere is a drawing more
than two hundred years old, which will show you that people at
that time had got a very definite notion, as they thought, as to
what a sun spot was. Here you see are blazing fires—torches—
presenting the brighter portions of the sun; you see at once why
they called them “torches”; it wis because each of these flame
Mke portions represents a torch ; and here, in these other portions
of the sun’g surface are darker bits, which if you were nearer you
would see ate intended to represent smoke ; the smoke'of course
dimming the light of the sun which was below it.

The first great fact which was got from the study of these spots
(itis a fact I am anxious to set before you, although it does not come
within rny lecture, properly speaking) was this—that this great sun
is very much like our ov.n Rarth, in so far as it rotates on an axis
in exactly the same way that our, earth does. Not only do the
spats change their position on the face of the sun, in consequence
of the sun’s rotation on its axis, but they change very much from
day to day and even from hour to hour; so that we have
evidence ‘'not only that the sun is rotating like our sarth, but
that the atmosphere of the sun is subjected to most tremendous
storms; storms so tremendous, in fact, that the storms on our
own earth are not for one moment to be compared with them.
The fact that the spots do really move with the sun, and are
really indentations, saucer-like hollows (that is the next point I
wish to impress upon you) in the photosphere—in that brighter
portion which I have brought under your notice—is shown by the
appearance which is always presented by a spot when it is near the
edge of the sun. You know if you take a dinner plate and look
it full in the faceiits Yound; but if you look at it edgeways it is not
round. Here are two different vitws of the same spot; there
you look the sun spot straight in the face, and you see into it and
can learn'all.about it; but here, where it has nearly gone round
the corner'and is disappearing on the sun’s edge, you see it in the
same way that you would see a plate looked at edgeways.
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The limited time at my disposal has made my few words about
the general appearance of the sun very hurried ones; but some
of you will already have suggested :o yogrselves that I have not
vyet finished about the actual appearandes touching the sun. You
are quite right. Up to the present moment we have been dealing
with what we may call the “workaday” sun, the sun as he
generally appears—the sun as we know him best. But sometimes, as
“many of you know, the moon comes between us and the sun,
and then we get what we call a,“partial” eclipse of the sun; and
you also know that if the moon comes right between us and the
sun, all the sunlight is eut away from us, and we get what is called
a “total” eclipse of the sun. Now I will show you a photograph ot
the sun taken by the astronomers in America, when it was partially

Fig. 11.--The American Eclipse, 1869.
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eclipsed in the year 1869, and you will see that the only difference
between no eclipse at all and a partial eclipse of the sun is that we
do not sec so much of the sun as we otherwise should do. Here
you seeis the general surfalle of the sun; there is its outside edge,
and here is a spot. I do not know whether all of you can see
that spot—it is rather a small one—close to the edge of the sun,
but yeu can all see that the edge is just as we usually see it.
But when we get the sun totally eclipsed,—when all the sun is
cut away from us,—then we sep certain things which we do
not see when the sun is not eclipsed and when the sun is
only partially eclipsed. The importanee of observing these
things, and of learning all we can in the precious moments
ot a total eclipse, is the reason why civilized governments,
whenever there 1s an eclipse of the sun, send out expeditions
to those places where the eclipse will be seen as total. For
instance, there has recently been an eclipse of the sun visibie as a
tetal Yone in Spain, North Africa, and Sicily, and consequently
civilized govegnments sent out expeditions to observe the sun in
those places. I will now show you exactly what I mean. On
this dihgram you will see parts of Spain, Africa, Italy, and Greece,
and the curved lines show the regions i’ which the eclipse was to be
seen as a total one in other places. The moon only partly covered
the sun, as it did at Manchester, as you will remember, conse-
quently we had parties én Spain, Africa, and Italy, observing the
cclipse. Now let me give you spme idea of what those partics
sawg You see on this picture indications here and there (round
the black moon, which hides the sun) of little bits of light; and
at first you may wonder what they mean. Allow me to tell
you. The workaday sun, when this picture was t#ken, was
entirely covered by the moon, but strange to say, in those regions
just outside the sun, where generally we see nothing whatever, are
here and there, as you see, bright points of light; and here and
there a sort of hazy light, which reveal to us something new.
Here, in the next picture, in the same eclipse of 1869, the moon
has moved a little over the sun, and those bright things that we
referred to before have now changed, simply because the moon
has changed her plyce, and because the regions near the sun which
were coveéred before are now uncovered, so that these strange things
can be réwealed to us. © So that you see even from these diagrams
which I have already shown to yoi—diagrams, let me tell you,
printed and warranted by the sun, for the hand of man has
never touched them—these pictures, I say, show you that in
thosg regions round the sun where the naked eye, with the un.
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ecl(iipsed sun, sees nothing whatever, there are all sorts of strange
and wonderful things. Next I must tell you that these
wonderful things have been seen for a very long time. And I may
tell you that these wonders to which I havé@referred have only been
half shown to you. You saw that close to the moon, where the
dark moon was covering up the sun, you had here and there points
of light. The reason that you had only those points of light
revealed to you was not because they are not the only “things
which are scen round the sun during an eclipse, but because they
are the brightest things, and so the photographic plate registered
them sooner than it would registcr other fainter things outside the
sun. Mr. Harmison will now show you some pictures taken in
different eclipses, in which you will see that outside these brighter
portions, you get other and fainter appearances further away from
the sun. And I may tell you that the understanding of these
things is at present almost beyond the best of us, so much do
people who try to find out all about them vary, not only
in the accounts they give of the things they see, but also
in their explanations of what they mean. Now here is a very
remarkable stries of drawings, made by a very distinguished

astronomer during the eclipse which happeped a few years ago. .

Here you see, close to the body of the moon, we get a perfectly
distinct ring ; outside that ring we get another ring somewhat ltss
distinct; and then. in addition to those two nings of different
brightnesses, we get five rays, as’seen’in one picture, in one
particular portion of the sun’s®limb or edge. Now the middle
picture represents the same ecljpse after the moon had travelitd a
little more on to the sun; and there you see that thoSe five
rays have almost disappeared, and you get some new ones in
different places. Here is another picture of the same eclipse,
taken by the same observer when the moon had travelled still
further over the sun. There you see the rays which we first
observed have almost disappeared, and a new lot of rays
altogether is developed on the, other side of the sun. Astronomers
for a long time past have agreed to call those brighter
portions which I showed you in the first diagram the solar
¢ prominences,” or “red flames;” and they, form part of an
envelope round the sun called the Chromosphere—that is, colour
sphere—as it is in this region that the various colours are
seen in eclipses, the outer,rings and fays, and other strange
looking things, which have been observed, have been called
collectively the ‘“corona;” so that over the workaday sun, the

sun, as we see it every day, we have bright spots and dark spots-
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to account for; and in an eclipse of the sun we have those brignter
portions close to the sun, called the *prominences,” and the
“ chromosphere” to account for, and also the irregular ring of
light and those rays exfending further outside than the chromo-
sphere itself does.

Now what I have to do to-night is to tell you just as much as I
can of the manner in which spectroscopists have attempted to attack
these questions, and to give you as fairly and as honestly as I can
what I believe to be the conclusions they have arrived at. Now
you will see in a moment that to do anything at all with the sun,
separating a spot, say, from the facul®, or separating the outside
part of the sun from the middle of’the sun, or the region outside
the sun from the body of the sun itself, we really must no longer
be satisfied with the method adopted by Kirchhoff and Bunsen, or
Wollaston, and the rest of them, of dealing merely with a
solar beam, but we must, literallys take the sun to bits ; we must
dgal with here a little and there a little ; we must use this magni-
ficent instrument, the spectroscope, which, in the hands of
Kirchhoff, .as Professor Roscoe told you so truly and so well,
has worke® wonders, which has given us the largest crop of

.facts that we have got during this century; we must, I say, take

this spectroscope, and, instead of dealing with all the light from a
star, or all the light from the sun, we must take the sun to bits,
and work at it little by little  The smaller the portion of the sun
we deal with, the better will bé the result that we shall get. Now
you will see how this is to be {one. Nothing is so simple.
Whén Kirchhoff and Bunsen wighed to observe the sun, they
immerSed their spectroscope in ai)eam of sunlight, in the same
way as Newton did, and that gave them the light of the sun,
so to speak, upon the average, as we get it when viewing the
sun or a bright cloud in open daylight, making no difference
between the light which comes from the outside of the sun, and
the light which comes from a spot, or from a bright portion.
But this method will not suffice if we wish to examine a part of
the sun by means of the spectroscope. In this case we must first
get a telescope to form an image of the sun, and then we must
so arrange matters,that the light which comes from that particular
part of the sun we wish to examine shall alone enter the instrument.

We now conie to thesfirst great facts revealed tous by both these
methods. The use of fucts in astronomy, as in anything else, is to
test our notions of things, and to help us on in the path of know-
ledge. Now, it so happened that our knowledge of the sun, obtained

" by the telescope, was tremendously upset by the discovery of Kirch.
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hoff’s, to which Professor Roscoe alluded. Up to the time that
Kirchhoff made that wonderful experiment by means of a little
sodium flame, which showed us that the sun was an incandescent,
that is, a terribly hot body, surroundedbyPa cooler atmosphere—up
to that moment, I say, the opinion of a very large number of astro-
nomers was—as Sir William Herschel had announced in the last
century—that the sun itself might be a cool, habitable globe, in which
people like ourselves might live and move and have their'being;
that there might be beautiful fields, high mountains, cloudy skies,
and the like, exactly as we hhve here; but Kirchhoff, with his
spectroscope, said thaf it was. nothing of the kind, that there
must be a state of intense heat in the sun, and that, therefore,
the sun could not be habitable. Sir William Herschel accounted
for the spots, those dark regions of the sun which I have spoken
to you about, by supposing that the brighter part of the sun was
an atmosphere of cloud whichs here and there was broken open,
allowing the cool, dark body of the sun itself to be scen. I negd
not go into details showing how he explained that that envelope
which gives us all our light and heat should have been rendered
rather a pleasant thing than otherwise to the people whe were
living below it. That is not necessary on the present occasion.
But I wish to show you one important consideration connected
with Kirchhoft’s theory, who, by the way, held that syn spots
were clouds floating in an atmos*ﬂw;e above the photosphere.
He, as you know, wanted something solid or liquid, giving a
continuous spectrum—I quoté Professor Roscoe’s words—and
outside that he wanted an gfmosphere, absorbing here a ftle
and there a little light in the spectrum, so that the Frathhofer
lines—those dark lines which you see in the solar spectrum—
should, be accounted for. Now I think I am not going beyond
the mark when I say that Kirchhoff himself, and all those who
followed him, came to th:' conclusion that the real atmosphere
of the sun was the Corona which I have just .shown you
on the screen, as revealed tg us during an eclipse. You know
that it must have been a comparatively cool atinosphere because it
was essential that the atmosphere should be cooler than the
underlying substance, or else you would not haye the Fraunhofer
lines at all. Al that has been thoroughly explained, and I need
not go into it. )

But let me now show you how admitably the new method
of taking the sun to bits enables us to settle the question
once and for all by a single observation. As I told you,
Sit William Herschel came to the conclusion that a sun spot was
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really a hole in the sun’s clouds, which enabled us to see the dark
body of the sun. Now that was entirely exploded by Kirchhoff’s
discovery. But after Kigchhoff’s discovery there were two reasons
given to account for a sen spot which you will see do not
at all agree with each other, or with the explanation given by
Kirchhoff himself. A distinguished Frenchman, Monsieur Faye
said that a sun spot was seen by us as a sun spot because there we
lost the light from the outer envelope of the sun, and got
but a feeble radiation from the intensely glowing interior gases of
the sun ; whereas English observers, and among them Dr. Stewart,
a townsman of yours, gave very goqd reasons why this
could not be so, and heid that a sun spot was black because
the light and heat, which the sun must be giving out there, as
everywhere else, had been gobbled up, so to speak, before it got
to us, so that it came with a balance on the wrong side of the
account. Now let me show you en the screen the sort of thing
which we have as the representative of the new language of the
spectroscope as applied to taking the sun to bits. In this case
we are loc*ing at the orange portion of the spectrum of a sun
spot. ¢ I am afraid that this will require some Ittle explanation,
but if you will bear wvith me one moment I think I shall be able
to. make it clear to you. You all know what tnat wonderful
double ¢ine D means; it is the absorption line of sodium seen in
the solar spectrum. Now here is the double line D, as seen in
a spot spectrum; and I beg you to observe that along the
spectrum we have a shade, showing that the spectrum there is
cnfeclﬁed all along its length ;. and if the screen were large
enough for me to have a diagram giving you the spectrum as
seen from the red to the extreme violet, you would find that you
would get that general enfeeblement all along. In addition to
the general enfeeblement of the light, you get a wonderfui thick-
ening out of this classical double line D. There, you see, it
widens out gradually ; there it widens out suddenly.

Now what does all this mean? Allow me to recapitulate what
has been told you before, that solid, liquid, and densely gascous or
vaporous bodies give us a continuous spectrum. Let me show
you what I megn by a continuous spectrum. Mr. Harrison
will now be good enough to throw on the screen a spectrum,
which I am sure mdt of you will recognise as the beautiful
spectrym which you hive seen befare in the rainbow. I may tell
you that the great point I wish to bring before your notice, in the
first instance, 1s that the spectrum is complete from red to the ex-
treme limit of the violet. As’you see it on the screen, nothing could
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be more beautiful I am sure you will all acknowledge. Here, then,
we have what is called the “ continuous” spectrum ; that is to say,
there is no leaving off of the light ; there gre no gaps. Now thatis
the sort of light we get from a solid, or a®liquid, or a densely gaseous
or vapoury substance, whatever it is; whether it is a match;
whether it is the interior of the sun ; whether it is coal, iron, steel,
mercury—anything—we get that same sort of spectrum ; and as
long as we have that sort of spectrum, we do not know what the
particular substance is thategives it, we only know that it is a solid,
or a liquid, or a densely gaseous or vaporous substance. But if we
deal with a gas or a vapour we get something perfectly different.
You see at once that the moment the slit is narrowed, and we
begin to deal with the gases and vapours which are in that lamp,
that we alter the continuous spectrum entirely, and get a discon-
tinuous or broken one. .

Now I want you to be kind cnough to allow me to define four
important things. The giving out of light by such an arrangement
as Mr. Harrison has in that lamp, is called the radiation of light.
I want you to allow me to call that gereral giving out of
light “general radiation ;” and I want you to let me cafl that
giving out of light such as you see now ¥iscontinuous, and I
thank Mr. Harrison for enabling us to see these things so
well. I say I will call that “selective radiation.” So fhat the
giving out of light may be of two kinds, general in the case
of solids, liquids, or dense gases or vapours; and selective if we
are dealing with gases or vapours which arenot dense. So mucla for
the giving out of light, or radiation,—all this by way of rerginder.
Now I want to deal not only with the giving out of light, but by
the stopping of light ; and I will tell you exactly what Mr. Harrison
has dowe. He has been good enough to smoke a piece of glass, and
he will stop the light as well as he can by means of that piece of
smoked glass. Now I think all of you can see that wherever that
glass has been smoked, we get the light passing through it eaten out
all along the spectrum. In fatt, the stopping of the light here is
as general as the giving.bout of light was in the first case, so that we
match general radiation bygeneral absorption. Now if Mr. Harrison
would be good enough, instead of using smoked ghss, to give us sueh
a substance as red glass, or any similar substgnce which we know has
a peculiar action upon light, you will see gomething very different
at once. There is red glass. * You see that now we have not to
deal with what we had to deal with before in the case of smoked
glass ; we have not to deal with somgthing which stops out all the
light equally, but we have to deal with something which stops out

r
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all the light except the red, exactly as in radiation we had to deal
with things which gave out a Line¢ here and there, and did not
give us light all over the spectrum. This not only shows why
red glass is red glass, bechuse it allows the red kind of light to
pass, but it shows that we have general and selective radiation
balanced by general and selective absorption. Here again you
see ahsorption due, not to red glass, as before, but to a different
substance altogether—to chlorophyll. And now it is the green
part of the spectrum which is,alowe left, and not the red.
So that when we send light through bodies we have a kind
of action which is exactly simdar to the kind of action
which we get when we have light coming to us from brilliantly
incandescent bodies. Now you will see, in the first place,
in this picture of the spectrum of a spot, that we have no
indication, first of all, of bright lines. This is a faithful copy
of nature, and you see there are‘no bright lines at all. Here,
then,«is a single observation, disposing for ever of the French
idea that a spot was due to the radiation from an intensely
heated intggior solar gas. I do not know whether I have made
myself quite clear. But now let us see how it*bears on Dr.
Stewart’s idea. These hcrizontal bands which you see here are, as
you will understand in a moment, indications of general absorption.
The gefieral absorption is. nn doubt. due to dense gases or dense
vapours, which, as I havetjust told you, if they were intensely
radiating, would give us a contiguous spectrum. Get a dense
gasy make it incandescent, and its radiation is continuous. Get a
dense gas as you have it on the scresn, and instead of radiating make
it absorb the light, put it between you and a substance which
is radiating, and its absorption will be continuous. So that so far
as these horizontal bands go, they show you we have to deal with
absorption due to dense gases o1 vapours. There is some dense
gas or vapour which is cutting off from us the sun’s light where a
spot is, and that is one reason that the spot is dark. That is the
plain English of the thing. But thet is not all. I will now draw
your attention to that thickening of the sodium lines. I shall show
you, by and by, that that thickening of thé sodium lines not only
enables us to say ¢hat the sun spot is dark because there is some
dense vapours there, but it enables us further to say that the sun
> spot is dark because af;long those vapours is sodium vapour. I
might parallel that in the case of 6ther lines in the solar spec-
trum, but I have taken the csse of sodium as sufficient for my
purpose for the present. Now there is another very curious fact
which I beg your attention to in connection with what I have
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said ; and I hope have been clear, because it is important that you
snould get this thoroughly into your minds. If we observe the spec-
trum of the faculz, instead of observing the spectrum of the spots—
that is to say, if we observe the spectrurg of the brightest bit of
sun that we can find, instead of the bfickest bit of sun we can
find, we shall discover that that bit of sun is brighter, for
two reasons ; first, there is no absorption at all of the general
kind, no absorption stretching along the spectrum in that horizontal
way which you see there; and, secondly, all the lines which are
thickened in a spot are thinmer in a facula.

And now I come to a part of my subject which probably may
startle you, if you are net already familiar with it. I have shown
you that there are a good many things round the sun which we do
not see except the sun is eclipsed ; and you will take it for granted,
1 dare say, that the new method of taking the sun to bits, as I have
called it for simplicity’s sake, has nothing whatever to do with those
things which we see outside the’sun during an eclipse. Nothing
of the kind. The spectroscope has a good deal to say to shose
things, too ; and you will say how? Well, I willtell you. What is
the reason that we don’t see these things except during an eclipse P

Jecause the region of our atmosphere near the sun’s place is lifhted
up by the sun so brightly that we cannot see thém, any more than we
can sce the stars, but we know that the stars are there, and we
know that these things round the sun are there, for night’comes
and we sce the stars, and now ande tiftnsthe kind moon comes
and cuts off the sunlight, and then we can see the things
round the sun. But’the spectroscope very fortunately dpes
come to our assistance, if, for oife moment, we are willing to agree
that those things round the sun are not liquid, solid, or densely
gaseous, but are built up of gases or vapours, which are so little
dense that they can give us bright lines. And for this reason.
If we get the spectrum of a solid, that continuous spectrum which
you have already seen most beautifully represented to you upon
the screen, we can, by adding prism after prism, prism after prism,
make that spectrum so dim that you can hardly see it at all. We
might say that, in the cgse of the continuous spectrum, nature is
prodigal of her light, she spreads it all over the place, and
by spreading, weakens it. - But now, mark what happens if,
instead of a continuous spectrum, we jhave what I have
ventured to call the selective spectrum, the spectrum, for instance.
of which all the light confists of onc, two, or three lines.
Then, in that ease, by adding on pnsms, we do not spread that
light—it is still one, two, or three ynes, however many prisms
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we use, and it is not spread all over the place in the same
way that the continuous spectrum is, which you saw was complete
salong the spectrum from red to the extreme limits of the violet.
So that you see in an eclipse we have the moon cutting
off the light which hides these solar appendages from us
except during an eclipse, and we have the spectroscope, armed
with a large number of prisms, doing exactly the same thing ;
it ki#ls the atmospheric light in one case, and the moon
does not allow the atmosphere to be lit up in the other.
So that in either case, whether ¢he un is eclipsed, or whether
we use a powerful spectroscope, we should see these things
round the sun if we assume that ‘they dre built up of gases o1
vapours. I will show you the instrument by which it has been
attempted to artificially eclipse the sun in this way, and I think
you will see in a moment how the thing works. Here you
see is such a system of prisms as I have just mentioned to you.
Here is the slit of the spectroscope, and through this aperture
M tife eye end of the telescope the image of the sun is thrown
into the slit. The light is taken up by that instrument which
you gee tMere, and it is hrought round and turned, and twisted
through all these seven prisms, till it ties a true lover’s knot, and
comes back again, &rossing its own path, and is driven down to
the eve ot the observer. So that instead of having one or two
prisms; as Mr. Harrison has in his arrangement, we have no less
than seven prisms to disperve the atmospheric light. And, as a
matter of fact, I can tell you that the action of the prisms is so
saksfactory that no atmospheric light whdtever gets through that
instfyment to the eye when the sky is perfectly clear. Well,
then, you will ask, How about the things round the sun? Well,
the things round the sun are easily visible in that instrument. Let
me show you how they appear to us. I must, however, tell you that
this observation of the prominences without an eclipse was first
made by Dr. Janssen the day after the eclipse which was observed
in India, in the year 1368. Let me show you now the sort of
thing that we get by this ncw* method, and by using this
large dispersion. You must imagine, that here is the slit
of the spectroscope, so arranged that half the sun’s image
faMs on the slit and half of the slit falls off the image.
So that here we hgve the spectrum of the extreme edge
of the sun; and herewe have whatever we can get outside the
sun. Now what have we got? THere is one of the lines which
we always see around the sun by this new method of taking the
sun to bits ; and I need no¢ tell you that it is one of the lines due
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to hydrogen ; because in what has been told you about the sola
spectrum you have heard that the line C (and this is nothing
but the line C in the solar spectrum—in the red end of the
spectrum) is due to the absorption of the hydrogen. Nothivg you
see could be more beautiful than the absolute proof afforded by
this of the accuracy of everything which Kirchheff and othess hatl
predicted with regard to the reasons for the lines. It was
impossible in the then state of science for them to put the sun
and the hydrogen absolutely in the same instrument in the way it
is done herc; but here you see the hydrogen of the sun abso-
lutely where there is no hot sun behind it, giving you the
bright line, and also in those regions where there is a Rot sun
behind 1t, or, Ishould say, a hotter Sur behind it, giving you a
dark line. If T had time I cquld show you the other hydrogen
lines which are seen by this new method. 1 think, however, syou
will now at once appreciate with what justice those who first gitmed
those strange things round the sun “red prominences” and “red
flames,” came to their conclusions with regard to colour ; although
that # not so easy as it seems, seeing that prominences have been
seen of almost every colour of the rainbow ; and that is a fact
which I hope I shall be able to explain to you, if time does not
run away too quickly. I want now to show you the red tinge of
the gas in this tube. I do not know whether you can sce it
plainly, but if it were possible to show this gas under proper
conditions, you woulll see not only that the gas in the tube
is itself red, but that the spectrum which,we get from the
hydrogen in this tube is exactly the same as the spectrum which we
get from the hydrogen in the sun. I do n8t know that it would be
possible to have a more convincing proof Jf the truth of what Kirch-
hoff has told us with regard to the sun on this point. Assuming,
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then, that we have hydrogen generally round the sun, and that
it is always present, let me tell you what next happens. Into.
this hydrogen are injected in the most beautiful order whenever
there is a storm, underlying vapours, the bright lines of which
vapours we generally see %hickened in the spots. I hope you
follow that. We take for granted, on telescopic evidence, that the
spot is a cavity. We assume, then, that the spot is a place filled
with these denser vapours which I showed you on the screen were
indicated, in the first instance, by that general absorption, and then
again by that selective absorption {n the case of sodium vapour;
and I told you that it was possible to multiply these cases in the
matter of other things besides sodiwm ; aad then you see going
up outside the sun, when there is any great state of disturbance,
exactly these substances the lines of which are thickened in the
spot spectrum; only when these substances come up, theh these lines
are thin. Now, what does all this mean—this thickening out of
the line in some cases, and the thihining out of the linc in others.
I darevsay it may .seem to some of you a ridiculous distinction to
draw. Surely, having got the Fraunhofer lines, and having
settled to ayyery large extent what they all mean, it is rather hard
upon fnem to chide them when they are thick and chide them
when they are thin. *If you will bear with me for one moment I
shall be able to show that we were completely justified in not
resting @ontent with these thickerings and these thinnings without
trying, if possible, to understand something about them. And I
may tell you that I think if anybody had time, and would, for the
next ten or twenty years, employ that time in observing the
spectra, and determining the different thickening and thinning of
these lines, he would do as much for science as any man
could do in that period. You know what an immense thing
was done when it was determined that by showing a line hege and
a line there in the spectrum you could determine the existence of
a much smaller portion of the substance that was indicated by
that line than you could by any other method. Now, in addition
to the fact of these constant lines being given out by the same
substance, it has long been known to those who have studied the
question more deeply that the same substance is competent to
give us different hinds of spectra ; that is to say, that although
the spectra in some cases have a general likeness here and there,
you do get a very markﬁ.d distinction between the spectrum which
you get of the same thing as seen under one condition and as seen
under another. You may ask me to tell you what that
condition is. - Well, T must tgll you that up to a little time ago, if
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even not at the present moment, doctors differ. These gases are
observed in tubes something like this which you see on the table.
What we do is to get the electric spark, as we have here ; we then
make it pass through a gas enclosed in @1l¥es, as you see here, and
then we observe the spectra entitleu light. If we get a change
in the spectrum of the gas or vapour, it is difficult first of all to
find out to what that change is due, whether it is due to increased
temperature,—as we have power to vary the temperature—or
whether it 1s dlie to differegce of pressure. Some people think
one thing; some people think another; but two workers in
England have lately c&me tq the conclusion that temperature
per se has very little indeed to do with these changes of spectra,
except to render the spectra, when they exist, more visible, and
enable us to observe them better; but that pressure, which is tied
up with the density of ‘he gas or vapour, has really very much
indeed to do with it. Now some of you may have said to your-
selves, I wonder whether this pressure has anything to do, wit
the thickening and thinning of these lines? Well, it has every-
thing to do with it. Fortunately in tte spectrum of hydrogen,
which I have told you exists in these promincnces; i the
spectrum of sodium which you all know exis{s in the sun; and in
the spectrum of magnesium, we have lines which really seem éo
have been placed in those spectra by nature, that we might study
these rings round the sun to better advgntage than we should have
been able to do without those lines. There is a line in each of
these spectra which thickens %out in a most remarkable and
beautiful way ; and we have shoyn, I think, beyond all doubt, that
the widening out of these lines 1s really due to pressure. MNow I
do not know whether I shall be able to show you this on the
screen.” I will try; but you must bear with us if we do not
succeed ; it is avery difficult thing to do; but if I succeed I
think you will say it is worth while to make the trial. Now
there is one way, a very delicate way, in which it is possible
you may see it; but moge wise than some people, we
have our reserves; and if this first experiment does not suc-
ceed we will bring up sour reserves, which I think will help us.
Let me tell you exactly what Mr. Harrison is good enough to
attempt to do for us. We have some metallic sodium enclosed in
that lamp, and we are guing, first of all, éf possible, to give its
spectrum by means of a strqng current «due to forty of these
electric elements which are in this part of the room. Now with a
iven amount of, temperature you will get a certain thickness of
Elne. What I want you to see is, tha® with a varying temperature
w
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you will get a varying thickness. I think you see now that you get
a much thicker double line than before. |Dr. RoscoE asked for
the experiment to be repeated.] We will repeat that experiment
once more, as it has sugceeded. You see that the line thickens.
Now you may think that this is a proof that I was wrong; that it
is not pressure, that it is not density at all, but that it is tempera-
ture. We have an arrangement here which I think will put that
beyond question. Let me explain what that arrangement is. We
have some metallic sodium in this case—not the source of
radiation ; we do not use the sodiim %n the lamp, and examine the
radiation from its vapour ; but we deal now with the absorption of
the vapour. Now, as according *o theechange of pressure we
get a thickening of the bright sodium line ; we ought equally to
get a thickening of the sodium line, when instead of sending
us its light radiating to us, it really is absorbing that light:
because, as you have heard in the previous lecture, according to
the theory of exchanges, the absotption and radiation are always
Sjuat.  What we shall do in this case will be to heat the metallic
sodium very slightly in that tube, and as we heat it you will see
that the Mapour will be perpetually given off by the metallic
sodium, so that near the hmp of sodium at the bottom, the cloud,
so to speak, of sodiim vapour will be denser than higher up away
fidm the metallic sodium. I must tell you that as we have the lens
there, the line will appear to be upside down on the screen.
What I expect we shall “get will be a dark line, somewhere
ncar where you see that yellow line at present; and I hope
yod will see that the thickness of the line will be greater
at bottom than it is at the top; and you have the appear-
ance of things reversed by the lens. We have now the
radiation of sodium as you saw indicated by that yellow line. We
shall hope to exchange the radiation from the sodium, whsch still
exists in the lamp, for the absorption of the sodium vapour which
Professor Roscoe 1s 5o good as to heat in that tube; and if we
succeed, you will see a dark line in the place: thick where
the sodium cloud is thick, thif where it is thin, although
the temperature is the same. Hence, thep, it is not temperature
which causes the variation. But wﬁether the experiment
succeeds or not? observations made upon the sun itself, put
the question, ‘I think, beyond all doubt. You will acknow-
ledge that if it werg a question of temperature merely, the
hot prominences that gave bright lines on the sun should give
us thicker liues than the cool absorbing clouds. Therefore, if we
get sodium prominences fn the sun, we ought to have the
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godium lines thicker than we have them in a spot, Now here
Is a case in which over the very thick lines of sodium, as seen
in a spot (I think you will recognise these horizontal lines
again, and this thickening of the sodium ¥ne), we actually have an
extremely bright and very thin sodiun? line, showing, according
to our idea, that at a high region in the sun’s atmosphere you had
a cloud of sodium vapour hotter than anything behind it, giving
you an indication of the prominence over the region where sbelow
it the cooler sodiym vapour is indicated by extremely thick
absorption lines. So that Ywe have this new method settling for

Fig 3 A.—The ThicRening d¥ the D line 18 the Spectrum Spots.
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us what a spot is, and what a facula is. We have this new
method settling for us what, are those strange red flames seen
round the sun during an eclipse, and we have it telling us some-
thing about the pressare at work in the chromosphere. I might
go on and tell you more about what thg spectroscope enables
us to determine with regard to these ofiter envelopes of
the sun which are only seen during edlipses. I refer to the
corona, which your townsman, Mr. Brathers, has been so ex-
tremely fortunate in photographing in Sicily during the last eclipse.
But I reserve what I have to say about that for the extreme end of
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my lecture. I hope you are not tired. I have not quite finished
I should like to tell you that by this new metho1 the forms of
the prominences are seen as well as those cypher bands, those
hieroglyphics by whichevg can determine their nature ; so that by
means of a prism, or a combination of prisms, we may first turn
our instrument on to the prominences, or on to a part of the sun
even outside the prominences, and first say what they are made of,
and then, after that, by a certain arrangement of oscillating or
revolving slits, &c., or even by means of opering the slit, without
the use of any absorbing mediunt whatever, it is perfectly easy,
after we have found out what the sun is made of, to look at it, and
see exactly what it is like. I am sdiry to*say that in coming from
London part of our apparatus got broken, which would have
shown this. Mr. Heywood will now be good enough to throw upon
the screen two pictures of some prominences scen by this new
method of merely opcning the slit, It shows you the enormous
changes which go on in these prominences. Of course, as long as
we are dealing with merely their chemical nature, we cannot
examine much into their form ; and, therefore, it is somewhat diffi-
cult, altho®h it is not impossible, to dctermine the amount of
changé. But, when we hve settled the chemical nature of any
particular prominencé on the sun, we can not only dectermine its
form, but we can determine ics rate of change.  Mr. Harrison will
show you the changes that take place in the prominences nearly
27,000 miles high, in the spact of ro minutes, and I think you
will acknowledge that, in the changes indicated by that picture on
thetscreen, we get an idea of force and a conception of vastness
which ét is impossible to become atquainted with by anything that
we can study on this earth. And this brings me to another
part of my story altogether, one that would have required
considerable time to enlarge upon, had I not been able to
refer you to Mr. Huggins’s lecture, as I was able to refer
to Professor Roscoe’s lecture for the basis of solar chemistry.
Mr. Huggins showed you that by means of alterations in
wave length, he was enabled to ‘say that a certain star -was
receding from the earth at a certain rate; and, if I recollect,
he instanced the case of a swimmer who is swimming with
the waves, as agdinst a swimmer who is swimming against the
waves. When 2 man s swimming against the waves he meets
and has to surmount very many more waves than he would have
to do if'he was swimming with the waves. You may imagine the
earth to be a swimmer, and you may imagine the different heavenly
bodies to be the source of different waves which come to the earth,
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the swimmer, and which the earth has to make the most of. Tf
those waves (in our case they are waves of light) are receding, if
the body which is paying out those waves, as a telcgraph ship pays
out a cable, is going away from us, then you will see at once
that it will be equivalent to stretching ®hose waves, that those
waves will be longer; but if we meet those waves and have
to breast them, you at once see that they must be shortened.
That, if I recollect, was the line of Mr. Huggins’s argument, and
the result was that he explained to you with considerable cléagness
that in the case of a planet, @ of any celestial body which gives light,
if it is approaching the earth, on which we dwell, with any con-
siderable velocity, therg will be an alteration in the length of
the light waves, and that alteration in those waves will be deter-
mined and determinable only if in the spectroscope the spectrum
of that body gives us lines. Now you know that in the case *
of the solar spectrum .t is full of dark lines from one end to
the other; and in the same way sometimes round the sun the
spectrum of bright lines which we see, instead of the spectgum.of
hydrogen simply, is more or less complete from one rnd of
the gamut to the other. But you will say, it "is all very well for
Mr. Huggins to measure the velocity gf a star with referance to
the earth’s motion by saying that a particular alteration of wave
length has taken place in any particular part of the spectrum ; put
how are you going to work that in connection with the sun® Well,
allow me to show you. You seg we gre in presence of a new
thing altogether, and this new thing would be explained if you
accept the fact that on the sun there are these different gases and
vapours that I have spoken to you about, which in the case of the
prominences change tremendously in the space of ten nfinutes,
and in the case of spots change from hour to hour; I say you will
understand it if you recollect that tremendous changes are taking
place on the sun, changes so enormous in fact that they are
comparable to the velocity of light, and that we get jast*™
as clearly an alteration of wave length due to these changes ®
on the sun as we do from the actual translation of a star from
one region of space to another. Now let me explain to you
this diagram. This life which you see is the dark line C in some,
cases, and in other cases, as here, the d#fk Ig® F in the solar
spectrum ; it is, therefore, an old fricnd of yours; you are quits
familiar with it. But you will see at once That the moment we get
off the sun itself, we get something Perfectly new; the line
instead of being an upright fellow, as it is there, is twisted and
turned in all sorts of ways, Now thg explanation which has been
given of these very strange contortiBns is that, in this case, the
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line indicating hydrozen is thrown out of its proper place in the
spectrum, and has got into the region of longer waves; that the
wave, as it were, is stretched, and, therefore, that it appears in
a part of the spectrum, where the longer waves generally live;
and here where you see it twisted, not to the left, as in that case,
but to the right, it has travelled towards the region of shorter
waves because its wave has been shortened. Now what do
these *two assertions mean? They mean that in that case, which
I have indicated, that part of the solar prominence is lengthening
out its waves ; 1n other words, that it 1§ going away from us; and
that in this part of the prominence, in consequence probably
of a sort of spiral motion, it ‘s rapidly céming to us, as rapidly
as that is retreating from us; and by carefully measuring the
distance to which these various changes and contortions go
(vou see that they vary in every one of these diagrams) we can
determine not only the fact that a portion of the prominence is
coming to us or going away from hs, but we can actually deter-
mine¢ the vclocity with which it is going away from us or
coming togards us, because the Fraunhofer lines can be really used
as so many milestones. In this way we have been able to
dctermine the existence of tremendous cyclones on the sun,
or windstorms you may call them if you like, exceeding
anythipg that we can imagine here. We can watch the wind
travelling along the sun at the rate of 120 miles a second ; we can
watch the different portionts cf the solar envelope torn up and
carried high into the solar air at the rate of 40 miles a second—
40 "miles a sccond, not 4o miles an hour—and in this way we
have been enabled to show not enly that there are tremendous
storms and wind currents there, but that they are the same sort ot
currents which you get in a tea-kettle, going far down into the sun—
much further down into the sun than we kaow anything apout—
.. Fig. IV.

ShoWing changes of wave length in the bright line seen in the Chromosphere
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and right to the outer portions where in our spectroscopes we can
study all about them, and measure with considerable accuracy
their velocity and their change by this new method of taking the
sun to bits. Here are five patches of ¥ght which at first look
extremely strange, but I am certa.n that a large portion of my
audience know cxactly what these five points of light mean; but,
all the same, a little explanation may be of value. This is the F
line of the sun. Here we have not only indications of generul
absorption—which means that we are dealing with dense vapots—
but we have a wonderful sfadg off of the dark absorption line
Fig. V. -
showing changes of wav® lengtf in the F. line on the Sun and near Spots.
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fowards the red end of the spectrum ; in other words. the hydrogen
represented here by the T line was travelling rapidly towards jhe
region of long waves, and therefore away trom us—in face it was
going down, down, down into thg spot; while here we see the
Lydrogen, intensely bright and hot, coming up, and you see that
that les to the right of the F line, towards the region ofgthe
violet—the region of shorter waves—and therefore we know that
in this spot we have hydrogen coming up at the %ate of
something like 30 miles a second, quite hot, incandescent to
the last degree; and a little way off there was a current of
a cooler hydrogen going down, so as to keep up the balance in
that region of the sun. Now here you have a small spot in which=
you get an up-rush of heated hydrogen, as is indicated by *®
that patch of white, and by i lying, moreover, to the right hand
of the spectrum. But here, instead of going down, as it did
there, what does it do? IL heats the neighbouring hydrogen,
renders the hydrogen in that region not heftergian the sun under-
neath, but just as hot; it parts with all its spare heat; and you
see that the Fraunhofer line, which we thought such a consiant
thing, has disappeared altogether ; and tite reason you get no in-
dication of hydrogen there, either as absorbing or radiating, is that
the hydrogen 1 oi exactly the samefmperamreas%%‘xings below
RAVAE *
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it, and that, therefore, it both radiates and absorbs; and, there-
fore, so far as we were concerned, if we knew nothing else, it would _
be just as non-existent as it is in those stars where the spectrum
of hydrogen is not visibie, although we know pretty surely that
hydrogen must be there.

So much, then, for the outcome of this new method of taking
the sun to bits. We have observed the spots; we have observed
the region outside the sun; we can not only determine what it is
mad® of, but we can determine what it is like ; we can observe its
changes, and we can measure the velocity with which the different
currents are moving there almost as accurately as we ¢an observe
the currents on the earth. -

Now T had a great deal more to say, but I am sorry to say that
my time is altogether gone; and if you will allow me, I will con-
clude my discourse by showing you two photographs taken by
Mr. Brothers, your townsman, at the recent solar eclipse in Sicily.
Iam particularly anxious to snow you these pictures which have
béen taken by Mr. Brothers, because they are certainly the most
important contribution which we have had for some time with
referen__ce‘o our knowicd se of the outer part of the solar envelope, .
as a regionisphotographed inthemwhich has notbeen photographed
before, Recollect that at present our knowledge with regard to the
sun may be.stated to be as follows :—We know a little about the
spots ; we know a little about the outer rim, that outer bright portion '
which is called the photdspher¢ or light sphere, which 1 very early
introduced to your notice. Undernczath that I think we know abso-
lutery nothing whatever; and the more a man talks to you about
what is inside the sun, if you will tike my advice, the less you will
believe in him. Also with regard to the outer portions of the sun,
what lies outside, what is the exact meaning of those strange rings
which I showed you, I beg you even in that case not to plice too
w~nch reliance upon very certain statements. I do not think the
thing is certain either one-way or the other; but the man of
science, the man who is anxious for truth can always afford to
wait ; and I think we can afford to %ait in this case; and I hope
that you won't go away from this hall te-night imagining that
either you or any%,dyﬂse knows all about the sun. We don't;
we only know vcly little about it, and that little is confined
to a very limited reggon. We don’t know exactly what is
outside the sun; we don't know what is inside; but if we fix
upon “the outside of the sun, as we see it generally, and
work gradually (it may bel a work of years, of decades,
of centurigddiifhaps) first ioking outside, then a little lower
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in, and so on, in the long run we shall obtain a sure
and certain knowledge. But these photographs of Mr. Brothers’s
will certainly have to be taken into consideration by those
who are certain about these mottersy ®ither one way or the
other. I may tell you that this outer portion of the sun, which
you sce here, is undoubtedly a portion of the gases or vapours
which lie outside the photosphere, and outside the prominences,
which are too faint to be picked up by this new method of fafing
the sun to bits. Here thg light which we losc by our great
dispersion is so great that it is greatcr than theaspecial light
which is emitted by this pgrtion of the sun; and, therefore,
we can only see it during eclipsec. But there is no doubt
whatever about a portion of what you see there absolutely
belonging to the sun, and I do not suppose that anybody who has
ever studied the sun at all, or has even read anything about the
sun, and about what has been dpne with respect to solar matters
for the last 5o years, can doubt the thing for a momen;.
But here Mr. Brothers, you sec, in these very cxquisite
>hotographs, makes the sun altogether Dbigger, than what we
aad Defore. Now the question is—%a question which Ie shal:
ot attempt to decide either one way or the other—does
I that belong to the sun, or does it not? About the inngr
»ortion there can be no doubt whatever. About the outer prtion,
however, there is still some doubf «But I think we may fairly
be content, after all, not to attempt to settle this thing in too
great a hurry. We have waited, now, I don’t know how mgpy
thousand years, before we knewso much about the cggona as we
learned on a certain day the month before last; and it is ndt well
for us to hope to settle the enormous field of research in a few
seconds, But whether we have longer to wait or not, I think ye}
will all agree with me that anything which increases our =
knowledge of the sun—which increases our knowledge ot
that luminary which gives us light, which gives us peat,
which gives us, we may say, our ]if;; which is the centre
of “‘afl our force; which is the origin of all our work, either
by the bottled-up energy of the sun, as represented by coal, or by
the bottled-up energy in our veins is a things entwgly to be desired,
and I think you must acknowledge that, although astronomers have ’
been twitted for going in, as it has been s#d, too much for that
hydrogen in the sun business, still I think that it can do nothing
worse than ennoble us, and make us lift our minds from our
workaday matters to higher things, wken we attempt t~ solve those
riddles which the united work of all the men whoy wreceded
us has been powerless to. efféct.
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Dr. Roscoe called upon Mr. Brothers to proppse a vote of
thanks to Mr. Lockyer for his learned lecture. "Mr. Brothers
supplied a modest omisgion of Mr. Lockyer's by mentioning that
that gentleman announceC the independent discovery by himseif
of the red lines of the prominences before the French astronomer
whom the lecturer had credited with the discovery. To Mr.
Lockyer we are also indebted for inducing our Government to
serfl out the iate eclipse expedition. ;

Dr. RoscoE made an intergsting stat~ment respecting the
origin and stipport of these Scienge Lectur- for the People, and
mentioned that the considerable Sllﬂcienry in the funds had been
generously supplied by Mr. T. J. P. Jodrell.

Alderman RUMNEY proposed that their thanks should be given
also to Dr. Roscoe, upon whom had devolved the chief part of the
labour connected with this valuable course of lectures; and also
to Mr. Jodrel.—Both propositions were heartily received and

“passed with acclamation.

Mr. JLOCKVER, in acknowledghy; the vote of thanks, con-
Yratulated the people of Manchester in having such scientific
gentfemen as Dr. Roscoe and Dr. Stewart in their midst, anc
added a few appropriate remarks on the duty as well as the
pleasure of communicating knowledge.
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