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8CIENCE MADE POPULAR. 
• 

PROF�OR FARADAY'S Ll,t�U8ES Oli THE 

PHYSICAL FORCES. 

LECTURE l.-TH& FORCE 0]1' GRAVITATION. 

ginning with the simplest experiments of pushing and [II bar of aluminum(3) eigM times the bulk of 
pulling, I shall proceed to distinguish these powers the platinum], we find the water will balance that n� 
one from the other, and compare the way in which they well as it did the platinum; so that we get, even ill 
combine together. This world npon which we stand the very ontset, an cxampJe of what we want to untler. 
(and we have not much need to travel out of the world stand by the words "forces" or "powers." 
for illustrations of our subject; but the mimI of man is I have spoken of water, and first of all,' of its pro· 

Let us consider, for a little wldle, how wonderfully not confined like the matter of his body, and tllus he perty or falling downward; you know very well how I he 
we stanJ upon this worId. Here it is we are horn, may and does travel outward, for, wherever his sight oceans surround the globe-how they fall round the 
bred and live, anJ yet we view these things with an al- can pierce, there his observations can penetrate) is pretty surface, giving roundness t.o it, clothing it like a gllr
most entire absence of wonder to ourselves respecting nearly a round globe, having its surface disposed in a man- m�nt; but, besides that, there are other properties of 
thc way in whieh this all happens. So small, indeed, ner of which this terrestial globe by my side is a rough! lI'atCl·. Here, for instance, is some quicklime, and if I 
Is our wonder, that lYe are never taken by surprise; model; so much is land and so much is water; and, II add some water to it, you will find another power or 
and I do think that, to a young person of 10, 15 by looking at it here, we see in a sort of lIlap or picture property in the water.(4) It is now very 'hot-it i� 
or 20 years of age, perhaps the first sight of a cataract how the world is formed upon its surface. Then, when steaming up; and I coultl perhaps light phosphorou8 or 
or a mountain would occasion him more surprise than we come to examine farther, I refer you to this sectional a lucifer-match with it. Now that could not hllppen 
he had ever felt concerning the means of his own ex- diagram of the geological strata of thc carth, in without a force in the water to producc the rcsult; but 
istcnc6; amv he came here, how he lives, by what which there is a more elaborate view of what is that force is entirely distinct from Its powcr of fallin� 
menns he stands upright, and through what means he beneatll the surface of our globe. And, when we come to the earth. Again: here is another substunee ["""" 
moves /ibout from place to place. HenCtl, we come into to dig into or examine it (nR man does for his own in- anhydrous sulphate of copper (5)] which will iIIu.trntc 
thi. worM, we live, and depart from it, without our struction and advanlage,1ll a variety of ways}, we see another kind of power. [The lecturer here poured 
thou):;hts being called specifically to consider how all that it is made up of different kiuds of matter, subject some water over the white sulphate of copper, which 
tll.is talms place; and wcre it not for the exertions of to Ii very few powers; and all disposed in this �traRge immedintdy hecame hhw, e\"Ohing considerable heat at 
some f ew inquil"ing miDlls, who have looked into these and wonderful way, which gives to man a history-and the same time.] Here is t.he same water with a 811\>
things, and ascertained the very beautiful laws and con- such a: history-as to what there is in those veins, in stance which heuts nearly ns much as the Iimc docs
ditions hy which we do live and stand upon the earth, those rock" the ores, the water-springs, the atmosphere but see how differently. So great, indeed, is this heat 
we should hardly be aware that there was anything around, and alI varieties of material slIhstances, held i in the ca8e of lime, that it is �ufficient sometimes (ns 
\Vonderful in it. These inquiries, which have occupied together by means of forces in one great mass, 8,000 you see here) to set wood ou fire; and this explains 
philosophers from the carliest days, whcn they first bc- miles in diameter, that the mind is overwhelmed in i what we have sometimes heard, of barges laden with 
gnn to find out the laws by which we grow and exist contemplation of the wonderful hisrory related by these i quicklime taking fire III the middle OJ tIle river, in 1'011-
and eujoy ourselves, up to the present time, have shown strata (some of which are fine and thin, like sheets of : sequencc of this power of heat brought into play by " 
us that aU this was effected in consequence of the ex- paper), all formed in successIon bY the forces of which: leakage of t.he water into the barge. You see how 
istence of certain forces, or abilities to do things, or I have spoken. I strangely different subjects for our conSIderation arise 
powers, that are so common that nothing can be more � I now shall try to help yonr attention to what I mny . when we come to think over these various matters-the 
so; for nothing is commoner ,.han the wonderful powers say by directing, to-day, our thoughts to one kind of power of heat e\'olved by acting upon lime with watcr, 
by which we are enabled to stand upright-they are es- power. You see what I mean by the term matter-any and the power which water has of turning tllis salt of 
santial to our existence every moment. of these things that I can lay hold of with the hand, or copper from white to blue. 

It is my purpose to make you acquainted with in a bag (for I may take hold of the air by inclosing it I want you now to understnnd the nature of thc must 
sonia of these powers; not the vital ones, but some of in a bag)-thcy are all portions of matter with which simple exertion of this power of mattcr called weight 
tobe more elementary, and what we call physical powers; we have to �eal at �resent, generally. or particula�ly, as I or gravity. Bodies arc heavy; you saw that In the case 
and, in the outset., what can I do to bring to your I may reqUire to Illnstra$e my subject.. Here IS the· "f water when I placed it in the balance. Here I han) 
minds a notion of neither more nor less than that which sort of matter which we call water-it is there ice whiLt we calI a weigld [an iron half cwt.]-a thing call
I mean by the word power or force t Suppose I tllkc . [pointing to a block of ice npon the table], the"e water ed a weight., because in it the exercise of that power of 
this sheet of paper and place it upright on one edge, [pointing to the water boilial- in a flask], here vapor- pressing downward is especially used for thc plll'poses of 
resting against a support before me (as the rougheR! you see it issning out froD!:' the top (of the flask). Do weighing; and I have also one of these little inflated 
possible illustration of something to be disturbed), and not Fllppose that that ice "'Bli that water aile two entire- India-rubber blndders, which are very beautiful although 
suppose I tben pull til is piece of string which is attached ly different things, or that the steam riSing in bnbbles very common (most beautiful things nre com mOT,), and 
to it. I pull tha paper ovel·. I have therefore brought an:! ascending in vapor t1iere is absolutely different from I am going to put the weight upon it to give you a sort 
int!> usc a power of doing so-the power of my hand the fluid water; it may �,different in some particnlars, of illustration of the downward pressure of thc iron, 
carrWld on through this string in a way which is very hhving reference to the a_lOnts of power which it eon- and of the power which the nir possesses of resisting 
remarkable when we come to analyze it; and it is by tains; but it is the same, nevertheless, as the great that pressure; it may burst, but we mnst try to avoid 
means of thesa powers conjointly (;or there are several ocean of water around oor globe, and I employ it herc that. [During the last few observations, the lecturcr 
powers hcrJ employed) that I pull the paper over. for the sake of .iIIustration; because if we look into it we had succeeded in plncing the half cwt. in a state of 'I";. 
Again: if I give it a push upon the other side, I bring into shall find that it sttppliu us with examptes of all the e&cence upon the inflated india-rubber ball, which 1'011-
play a power, but a verr differont exertion of power powers to whicli I shall! have to refer. For instance, sequently a8!Jumed a shape very much rescmbling a flat 
f"om tha formCl'; or, if I take now this bit of shellac here is water--it is heavy; but let ns examine it with cheese with l'OImd edges.] There you ,ee a bubble of 
[a stick of sheline about 12 inches long and Ii in diam- regard to the amol/nt of iIB heaviness or its gravity. I air bearing half a hundred-weight, and you most COn· 
eter], and rub it with flannel, and hold it an inch or so have before me aJ}.itle � veuel and scales [nearly ceive for younlelves what a wonderful power thcre must 
in front of the upper part of this upright sheet, the eql!.ipoi8l!JdscaltiJ; one ofwll.ich contaiftcda hlll'pint glass be to pull this weight downward to sink it thus in the 
paper is immediately moved toward the sheJlac, and by vessel], and. the glass v .. 1 is atprosent the lighter of balI of air. 
now drawing the latter away, the paper falls over with- the two; but if I now .. some water and pour it in,: Let me now �ve you another illustration of t1.is 
out having been touched by anything. You see, in. the you see that that si_Qr the scales immediately goes power. You know what n pendulum is. I have one 
first illustration I produced an eff�ct than which nothing .down; that sh6ws yon ("sing common language, which here (Fig. 1), and if I set it swinging, it will continue to 
could bc commoner; I pull it over now, not by means I will not II8pJM)S8 that you have- hitherto applied swing to and fro. Now I 
of that string or the pull of my hand, but by some ac- very strietJv) .. t it. is heavy, and if I Pllt this addi- wonder whether you can tell 
tion in this shellac. The shelIne. therefore, has a power tional weight in. the opposite scale, I should not won- me why that body oscillates 
wherewith it acts upon the sheet of paper; and, as an der if this vessel wou1l:!· hOM w�r euough to weigh it to and fro-that "pendu-
illustration of the exercise of another kind of power, I 
might use gunpowder with which to throw it over. 

Now I want you to endeavor to comprehend that 
when I am speaking of a power or foTC"l, I am speaking 
of that which r used just now to pull over this piece of 
paper. I will not embarrass yon at present wi th the 
tlllme of that power, but it is clear there was a some
thing in the shellac whieh acted by attraction and pulled 
the paper over; this, then, is one of those things which 
we 0011 power or fo&ce; and you will now be able to re
cognizc it as such in whatever form I show it to vou. 
We are not to suppose that there are so very many- dif
f�rent powers; on the contrary, it is wonderful to think how few are the powers by which nil the phenomena of 
nahll·e are go"emed. There is nn illustration of an
other kind of power in that lamp; there is a power of' 
heat-:\ power of doinp: somethinp:, but not the snme 
pow!'r as that which pulled the paper over; and so . .  bv 
degrees, we flnd that there are certain other powers (n�t 
manT) in tb. ,arloD' bodle. al'OIuld III I and thus, bC! • 

down. [The lecturer poured mort' water into the jar, 
which again went down.] Why do I hold the bottle 
above the vessel to pour the water into it? Yon will 
say, because experience has taught me that it is neces
sarv. I do it for a better reason-because it is a law 
of �ature that the water should fall toward the earth, 
am there$ore the very means which I use to canse the 
water to enter the vessel are those which will carry the 
whole body of water down. That power is wll8t we 
caIl gmvity, and you see there [pointing to the sC'.ales] a 
p:ood ileal of water gravitating toward the earth. Now 
here [exhibiting a small piece of platinnm(2)] is an
other thing which wavitates toward the earth as milch 
liS the whole of thllt water. See whnt a little there is 
of' it; that little thing is heavier than so mnch water 
[placing the metal in opposite scaleR to the water]. 
What a wonderfnl thing it is to sec thnt it reqnires so 
much water as that [a haIr-pint ,-csscl fnll] to fall to
ward the earlh, comtmrcd with tIle Iittlc mass of sllb· 
• tAnC!1 r have bere I 4nd 81f"'n! If T take thl� metnl 
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Inm bob," as it is sometimes 
called. Observe, if I hold 
the straight stick horizontal
ly, as high as the position of 

->. ...... __ ::.::.._ ..... "'" .. '-•• _ .. _ .. �� . .... the ball at the two ends of 
its journey, you see that the 

ball is in a higher position at the two extrcmities than 
it is when in the middle. Starting from one end of the 
Etick, the ball faIls toward the center, and then rising' 
again·to the opposite end, it constnntly tries to fall to 
the lowest point., swinging and vibrating most beauti
flllly, and with wonderful properties in other respects
the time of its vibration, and so on-but concerning 
which we wiII not now trouble ourselves. 

If a gold leaf or piece of tllfead, or any other sub
stance, were hung where this ball is, it would swing to 
and fro in the same manncr, and' in thc same time, too. 
Do not be startled nt this statement; I repeat it, in the 
same m�nncr and in the same time, nnd )'011 will SN' 

by.and-by how thl� i�. Now that power which ('nmed 



the water to descend in the balance-which made the 
iron weight press upon and fiatten the bubble of air
which caused the swinging to and fro of the pendnlum, 
that power is entirely due to the attraction which there 
is between the falling body and the earth. Let us be 
slow and careful to comprehend this. It is not that the 
earth has any particular attraction toward bodies which 
fall to it, but that all these bodies possess an attraction 
every one toward the other. It is not that the earth 
has any special power which these balls themselves 
have not j for just as much power a& the earth has to 
attract these two balls [dropping two ivory balls], just so 
much power have they in proportion to their bulks to draw 
themselves one to the other j and the only reason why 
they fall so quickly to the earth is owing to its greater 
sIze. Now, if I were to place these two balls near to
gether, I should not be able, by the most delicate ar
rangement of apparAtus, to make you or myself Ilensi
ble that these balls did attract one another j aud yet we 
know that such is the case, because if, instead of taking 
a smnll ivory ball, we take a mountain, and put a ball 
like this ncar it, we find that, owing to the vast size of 
the mountain as compared with the billiard ball, the 
latoor is drawn slight.ly toward it, showing clearly that 
an "ttmction does exist, just as it did between the shel
lac which I rubbed and the pIece of paper which was 
o"erturned by it. 

Now it is not very easy to make these things quite 
clear at the outset, and I must take care not to lea"e 
anything unexplained as I proceed j and, therefore, I 
must make you clearly understand that all bodies are 
attracted to the earth-or, to use a more learne<l term. 
gravitate. You will not mind my using this word, for 

..Fig.&! 

when say that this penny-piece gravitates, I mean 
nothing more nor less than that it falls toward the earth, 
and, if not intercepted, it would go on falling, falling, 
until it arrived at what we call the center of gravity of 
the earth, which I will explain lo you by-and-by. 

I want you to understand that this property of gravi
tation is never lost j that Ilvery substance possesses it j 
that there is never any change in the quantity of it; 
and, first of all, I will take as illustration a piece of 
marble. Now this marble has weight, as you will see 
if I put it in these scales j it weighs the balance down, 
and if I take it off, the balance goes back again and 
resumes its equilibrium. I can decompose this marble, 
and change it in the Slime manner as I can change icc 
into water and water into steam. I can convert a part 
of it into its own steam easily, and show yon that this 
steam from the marble has the property of remaining 
in the same place at common temperatures, which water 
steam has not. If I add a little liquid to the marble 
and decompose it(6), I get that which you see [the lec
tnrer here put several lumps of marble into a gla�� jar, 
and poured water and then acid over them; the car
bonic acid immediately commenced to escape, with con
siderable effervescencE'], the appearance of boiling, 
which is only the separation of one part of the marble 
from another. Now this [marbleJ steam, and that 
[water] steam, and all other steams, gravitate just like 
nny other substance does j they all are attracted the one 
toward the other, and all fall toward the earth j and 
what I want you to see is, that tMs steam gravitates. I 
have here (Fig. 2) a large vessel placed upon a balance, 
and the moment I pour this steam into it you see that 
nhe steam gravitates. Just watch the index, and see 
whether it tilts over or not. [The lecturer here poured 
the carbonic acid ont of the glass in which it was being 
generated into the vessel suspended on the balance, 
when the gravitation of the carbonic acid was at once 
apparent.1 Look how it is going down. How pretty 
that is! I poured nothing in it but the invisible steam 
or vapor or gn.s which came from the marble j but you 
see that part of the marble, although it has taken the 
whape of air. still gravitates as it did before. Now will 
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it weigh down that bit of paper? [placing a piece of 
paper in the opposite scale. J Yes, more than that j it 
nearly weighs down this bit of paper [placing another 
piece of paper in]. And thus you see that other forms 
of matter besides solids and liquids tend to fall to the 
earth j and, therefore, you will accept from me the fact 
that all things gravitate, whatever may be their form or 
condition. Now here is another chemical test which is 
very readily applied. [Some of the carbonic acid was 
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and would do so if it were uniform in substance j but 
you see it does not j it will get up again. And now 
philosophy comes to our aid j and I am perfectly sure, 
without looking inside the figure, that there is some ar
rangement by which the center of gravity is at the low
est point whim the image is standing upright j and we 
may be certain when I am ttlting it over (see Fig. 6) 
that I am lifting up the center of gravity, a, and raising 
it from the earth. AIl this is effected by putti ng a piece 
of lead inside the lower part of the image and making 
the base of large curvature, and there you have the 
whole secret. But what will happen if I try to make 
the figure stand upon a sharp point? You observe I 

I w.ust get that point exactly under the center of gravity, 
lor it will fall over thus [endeavoring, unsuecessfdlly, til' 
! balance it] j and this, you see, is a difficult matter j 1 

poured from one vessel into another, and its presence in 
the latter shown by introducing into it a lightcd taper, 
which was immediately extinguished.] You sec from 
this result, also, that it gravitates: All these experi
ments show you that, tried by the balance, tried by 
pouring like water from one vessel to another, this 
steam or vapor or gas is, like all other things, attracted 
to the earth. 

There is another point I want, in the next place, to 
draw your attention to. I have here a quantity of shot j 
ea�h of these f,t"" f'epnrately, and each has its own 
gravitatiog power, as you perceive when I let them fnll 
loosely on a sheet of paper. If I put them into a bot
tle, I collect them together as one mass, and philoso
phers have discovered that there is a certain point in 
the middle of the whole collection of shots t.hat may be 
considered as the one point in which all their gravita
ting power is centered, and tll"t point they call the cen
ter of gravity j it is not at 11.11'11. bad name, and rather 
a short "ne-the "center of gravity." Now suppose I 
take a sheet of pasteboard, or any other thing easily 
dealt with, and ron a brad-awl through it at one comer, 
A (Fig. 3), and Mr. Anderson hold that up in his hand 
before ns, and I then take a piece of thread and an 
ivory ball and hang that upon the awl, then the center 
of gravity of both the pasteboard and the ball and 
string are as near as they can get to the center of the 
earth j that is to I18Y, tile waole of the attracting power 
of the earth is, as it w.-c, centered in a single point of 
the cardboard. and thia point is exactly below the point 
of suspension. �ll I have to do, therefore, is to draw 
a line, A B, conespondilig with the string, and we shall 
find that the cllpter Qf. IJravity is somewhere in that 
line. But where? 'llo find that out, all we have to do 
is to take another place for the awl (Fig. 4), hang the 
plumb-line, and make tile Bame experimen�, and there 
[at the point C] is the ClI/Iter of gravity-there where 
the two lines which I have traced 6\'OSS each other j and 
if I take that pasteboard, and make a hole with the, 

brad-awl through it at that point, you will see that it 
will be...,..,rted in any Jlf1I!ition in which it may be 
placed: Now, knowing that, what do I do when I try 
to stand upon one leg? Do you not see that I push 
myself over to the left side, and qnietly take up the 
right leg, and thus bring Borne central point in my body 
over this left leg? What is that point which I throw 
over? You will know at once that it is the center of 
gravity-that point in me wh�re the whole gravitating 
force of my body is centered, ana which I thus hring in 
a line over my foot. 

Here is a toy I happened to see the other day, which 
will, I think, sen'e to illustrate our subject very well. 
That toy ought to lie something in thb manner (Fig. 5), 
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cannot make it stand steadily j but if I embarrass this 
poor old lady with a world of trouble, and hang this 
wire with bullets at each end about her neck, it is very 
evident that, owing to there being those balls of lead 
hanging down on either side, in addition to the lead in
side, I have lowered the center of gravity, and now she 
will stand upon this poin� (Fig. 7) j and, what is more, 

she proves the troth of our philosophy by standing SIde
ways. 

I remember an experiment which puzzled me very 
much when a boy. I read it in a conjuring book, and 
this was how the problem was put to us:-"Bow," as 
the book said, "how to hang a pail of water, by means 
of a stick, upon the side of a table" (Fig. 8). Now I 

have here a table, a piece of stick and a pail, and the 
proposition is, how can that pail be hung to the edge of 
this table? It is to be done j and can you at all antici
pate what arrangement I shall make to enable me to 
succeed? Why, this. I take a stick, and put it in the 
pail between the bottom and the hOl;zontal piece of 
wood, and thus give it a stiff handle, and there it is j 
and, what is more, the more water I put into the pail, 
the better it will hang. It is very true that before I 
quite succeeded, I had the misfortune to push the bot
toms of severnl pails out; but Ilere it is hanging firmly 

(Fig. 9), and yon now see how you can hang upthe pail 
in the way which the conjuring books require. 

Again: if you are really 80 inclined (and I do hope 
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all of you arc), you will lind a great deal of philosophy half-crown, and a round pitlce of paper a trifle smaller 
in this [holding up a cork and a pointed, thin stick. in diameter than the coin, and try them side by side to 
about a foot long]. Do not refer to your toy-books, and see whether tbeyfall at the same time [dropping them]. 
say you have seen that before. Answer me, rather, if You see they do not-the penny-piece goes down first. 
I ask you, have you understood it before? It is lin ex- But now place this paper flat on the top of the coin, so 
periment which appeared very wonderful to me when I that it shall not meet with any resistance from the air, 
was a boy. I used to tllke a piece of cork (lind I re- and upon then dropping them, you see they do both fall 
member I thought lit first that it was very important in the same time [exhibiting the effect]. I dare say, if 
thM it should be cut out in the shape of a man; but, I were to put this gold leaf, instead of the paper, on tde 
by degrees, I got rid of that idea), and the problem was coin, it would do as well. It is very difficult to lay the 
to balance it on the point of a stick. Now, you will gold leaf so flat that the lIir shall not get under it and 
lee that I have only to pillce two sharp�pointed sticks. lift it  up in falling, and I 11m rather doubtful as to the 
one on each side, and give it wings, thus, and you will succesa of this, because the gold leaf is puckery, but 
find this beautiful condition fulfilled. will risk the experiment. There they go together [let-

We come now to another point. All bodies, whether ting them fall], and you see at once that they both 
heavy or light, fall to the eanh by this force which we reach the table at the same moment. 

call gravity. By observlltion, We have now pumped the air out 01 the 1'e .. el, and 
moreover, we see that bodies do you will perceive that the gold leaf will fall as quickly In 
not occupy the same time in this vacuum as the coin does in the air. I am now 
falling; I think YOIl will be going to let It 100II8. and you must watch to ilee how 
able to see that this piece of rapidly it falls. There [letting the gold loose]; there 
paper and that ivory ball fall it is, falling as gold should fall. 
with different velocities to the I am sorry to aee our time f or parting i. drawing so 
table [dropping thcm]; and if, near. As we proceed, I intend to write upon the board 
again, I take a feather and an behind me certain words, so as to recall to your minds 
ivory ball, and let them fall, what 11'0 have already examined, and I put the word 
you see they reach the table FORCEII as a heading, and I will then add beaeath the 
or earth at different times ;1l�1D8I of the sPeCial forces, according to the 'order, In 
that is to say, the ball falls which we con,ider them; and, althoueh I fear that I 

faster than the feather. Now that should not be have not sufficiently pointed out to you the more impor
so; for all bodies do fnIl equally fast to the earth. tant circumBtanceli conneoted with the force of GRA VI
There are one or two beautiful points included in that TATION, especially the law which governs its attraction 
statement. First of all, it is manifest that an ounce, (for which, I think, I must take up a little time lit our 
or a pound, or a tuu, or a thousand tuns, all fall equally next meeting); still, I will put that word on the board, 
fast, no one faster than another: here lire two balls of and hope you will now remember that we have, in some 
lead, a very light one and a very heavy one, and you degree, considered the force of gravitation-that force 
perceive they both fall to the earth in the same time. which causes all bodies to attract each other when they 
Now, if I were to put into II little bag a number of these are at sensible distances apart, and tends to draw them 
balls, sufficient to make up a bulk equal to the large together" 
one, they would also fall in the same time; for if an --_______ e ________ _ 

GIFFARD'S INJECTOR. avalanche fall from the mountain, the rocks. snow and 
ice, together fllUing toward the earth, fall with the same 
velocity, whatever be their size. 

! cannot take a better illustration of this than that of 
gold leaf, because it brings before us the reason of this 
apparent difference in the time of the fall. Here i. a piece 
of gold leaf. Now, if I take a Inmp of gold and this 
gold leaf, and let them fall through the air together, 
you see that the lump of gold-the sovereign or coin
will f all much faster than the gold leaf. But why? 
They are both gold, whether soverign or gold leaf. Why 
should they not fall to the earth with the same quick
ness? They would do so, but that the air around onr 
globe interferes very much where we have the piece of 
gold so extended and enlarged as to offer mnch obstruc
tion on falling through it. I will, however, show you 
that gold leaf does fall as fast when tho resistance of the 
lIir is excluded; for if I take a piece of gold leaf and 
hang it in the center of a bottle, so that the gold and 
the bottle and the air within shall all have an equal 
chance of falling, then the gold leaf will fall as fllllt as 
anything else. And if I suspend the bottle containing 
the gold leaf to a string, and set it oscillating like a 
pendulum, I may make it vibrate as hard as I please, 
and the gold leaf will not be disturhed, but will swing 
as steadily as a piece of iron would do; and I might 
even swing i* round my head with an,y degree of force, 
and it would remain undisturbed. Or I can try IInother 
kind of experiment: if I raise the gold leaf in this way 
[pulling the bottle up to the ceiling of the theater, \/y 
means of a cord and pulley, and tben euddenly lecting 
it to fall within a few inches of the lectnre table], and al
low it then to fall from the ceiling downward (I will 
put something beneath to catch it, supposing I should 
be lI11iiadroit), you will perceive that the gold leaf is not 
in the least disturbed. The resistance of the air hav
ing been avoided, the glass bottle and gold leaf all fall 
cxactly in the same time. 

Hel'e is another illustration: I have hung" piece of 
gold leaf in the upper part of this long glass vessel, lind 
I have the mcans, by a little arrangement at the top, of 
letting tho gold leaf loose. Before we let it 100le, we 
will l'0010,.e tho air by means ot an air-pump, and. 
while that is being done, let me show you another ex
periment or 'be BalDe kind. Ta.lte a penny-piece. or a 

Let no man hereafter conclude, by mere reasonil'lg, 
that anything cannot be done. That a pipe coming out 
of the top of a steam boiler should be abl!!, by the mere 
force of tho steam rlIIhing out of it, to blow water 

through another pipo right back into tbe lame boiler, 
without the intervention of nny machinery, and thlll 
keep up tbe 8UpPI,y of wa&er in the boiler. would, IDOl' 
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assuredly, bave been pronounced impossible by all iho 
philosophers in the world. And yet there arc larGe 
numbers of steam engines running at this time, the 
boilers of which are supplied by this process. We gave 
a description of the apparatus on page 162 of tbe cur
rent volume; but it is so very novel and peculiar that, 
finding lin engraving of it in its most improved form, in 
the London Mechanics' Magazine, we have decided to 
reproduce it for the benefit of our readers. 

The steam from the boiler is admitted through the 
pipc, A, f urnished with a cock, B, and passes down 
through the perforated cylinder or tube, C, which is 
made conical at the bottom ; the area of the aperture 
being regulated by the conical rod, D, adjusted by tho 
screw and handle, E. The jet of steam issuing from 
the orifice of the tube, C, encou n ters the feed-water in 
the chamber, F, which enters either from a head of 
water, or by the aspiration of the apparatus itself, from 
a tank placed Bear; from the feed-pipe, G, the supply 
of feed-water is regulated by raising or lowering the 
tube, C, by means of the handle, H, and screw of quick 
pitch. The stream of feed-water propelled by the steam 
jet issues from the upper orifice, I, and passcs into the 
mouth of the lower pipe, X, leadil'lg into the boiler; the 
intervening space, L ,  being open to the atmosphere, so 
that the stream of water can be seen through the sight
holes, M, at this part of the passage. While Ihc injec
tor is at work, a check valve is inserted at N, 10 prevent 
the return of water from the boiler when the injector i. 
not working. The overflow pipe carries off any over
flow occasioned in starting the injector to work, and the 
sight-holes, M, are covered by II circular slide. 

In starting the injector to work, the handle, H, is fint 
turned into the position suited 10 the pressure of steam 
in the boiler; this permits Ihe access of water to tho 
instrument, and regulates its admission. The steam 
cock, B, is then opened, and tbe handle, E, turned 
slightly, so as to elevate the screwed rod, D, which admit. 
a small quantity of sleam to the conical opening, I; a 
partial vacuum is thus produced in the chamber, F, by 
the rush of steam through the opening, I, and the 
water flows into it. As soon as this happens, which 
can be seen by t,he issue of water from 0, the screwed 
rod, D, is gradually raised until the overflow ceases; 
thus giving full liberty to the steam to act upon the 
water at L, and drive it into the boiler through the 
pipe, X, and the valve, N. 

There has been much discussion as to the theory 0 f 
the action of this wonderful IIpparatus. Our own ex
planation is simply this: as the steam in the pipe 
comes in contact with the cold water, it is condensed, 
forming a vacuum, into which the steam, under high 
pressure in the boiler, rushes with tremendous velocit�·. 
acquiring sufficient momentum not only to carry itself 
back into the boiler, but also to carry along with it any, 
particles of water with which it may come in contact on 
its way. 

--------_ .. __ 'e,�'4 _____ -----

TBB SUBTLE'!T 01' P0180118.-At a re�nt disCUl!sioD 
before the Society of Arts in London on tbe detection 
of arsenical poisoning, Dr. Letheby traced the progre811 
of toxicological research from the trial of Donald, i n  
1815, n p  t o  the present time. A little while before that 
period, ten grains of arsenic were required to make II me
tallic test satisfactory in a court of law. Afterwards, 
Dr. Black improved the process till he could detect tho 
poison if he had One grain to operate upon. It 11'88 then 
thought a marvel of toxicological skill when Dr. Chris
tison said he only required the sixteenth of a grain; 
but now we can trace the presence of the 250,000, OOOlh 
of a grain of arlenic! It is to be feared that the detec
tion of this particular poison has reached an almost 
dangerons degree of delicacy, and extreme caution ia 
necessary in examination for ils criminal administration. 
We live surrounded by means of unconsciously absorbing 
traces of arsenic; we breathe arsenicated dust from the 
green wall papers of our rooms; the confectioners supply 
it wholesale in their cake ornaments and sweetmeats; 
the very drugs prescribed for our relief are tainted with 
araenic; nar, more, even our vegetable food, as Profes
sor Davy has lately pointed out, may be contaminated 
With arsenic; and there is probably D() drinking water 
containing iron without a trace of arsenic as well. The 
poison mny thus be stored up in tho �ystem till, in tho 
coone of )lear .. the amOllD' betOme. appreCiable) 
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