122 OF DIOPTRICS. Let. 39,

of the glass exceeds in magnitnde the image of the
sun, named its focus, from which, if the glass be
very great, you may produce the greatest effectsg
heat. Combustible substances placed in the: focns
of such a glass, are instantly consumed, Metals are
melted, and even vitrified by it; and other effects
are produced far beyond the reach of the most active
and intense fire.

The reason is the same as in the case of burning
mirrors. In both, the rays of the sun, diffused over
the whole surface of the mirror or glass, are colleqt-
ed in the small space of the sun’s image. The only
difference is, that in mirrors the rays ave collected

by feflection, and in glasses by refraction.  Suchis .

the effect of convex glasses, which are thicker in the
middle than at the extremities, and which I have re-
presented in Nos. IL IV. and VI. ‘Those repre-

sented in Nos. TI1. V. and VII. are thicker at the ex-

tremities than at the middle ; and being all compre-
hended under the term concave, produce a contrary
effect.

Let A C B (Prare L Fig. 24.) be a glass of this
form. If you expose toit, at a great distance, the
object E G F, the rays G A, G C, G B, proceed-
ing from the point (&, will undergo a refraction, on
leaving the glass in the divection of A J, Cm, and
B n, as if they had. issued from the point g; and an
eye placed behind the .memmu at m, for example, will
see the object just as if it were placed at ¢ g £ and
in a sitoation similar to that in which it is at the
point G, but as many times smaller as the distance
C G exceeds the distance G g. Convex glasses,
then, represent the image of a very distant object
behind them, concave glasses represent it before
them ; the former represent it inverted, and the lat.
ter in its real sitwation. In both ihe image is as
many times smaller as the distance of the object from
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which I beg leave to lay before you. I

Convex glasses furnish some farther r
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the %ﬂ.mmm exceeds that of the glass from the image.
his property of glasses is fonnded the constric.
:of telescopes, spectacles, and uﬁny.cmno@mm.

emarks,

speak here

of those ‘glasses in general which aye ¢ icker in th
middle than at the extremities ; whether baih mE.m

faces be convex, or ane plain and the other con

or, finally, one concave and the other co

1Vex 3

NYeX ; pro-

vided, however, that the convexity exceed the con-

cavity, or that the thickness be greater at the
than at the extremities. 0
the glasses have a spherical figure,

£ They have first this property,
to the sun, they present behind them a focus

middla

It is farther supposed, that

that being .mMWOmmﬁw |

, which

is the image of that luminary, and which is endowed
like it, with the property of illuminating and burn.

ing. The reason.is, that all the r

ays issning from

the sun, and me:wm on this surface, are collected by -

the refraction of the glass into a single point

. The

same thing happens, whatever be the object exposed
to-such a glass; it alwhys presents the imaoe of it
which you see instead of the object itself., The fol.
lowing figure will render what T have said more in-

telligible.
wdet AB CD (Prare I g, 25.) be a.

convex

glass, before which is placed an object E G T, of

which it will be sufficient to consider
£, G, F. The rays which, from the point

the three points

L, fall

upon the glass, are contained in the space A E B;

and are all collected in the space A ¢ B by

refrac-
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OF BURNING GLASSES.

meet i the point e. In the same man-

‘ ir _._mmbou,@n
1 avs from the point G, ﬁrsﬁ ﬁ
ﬂmmmnﬁ”ww%ﬁwgaw f1l the space A G B, are owmnwwm.
mgmmm by means of Hmmamnﬁouﬁ? M.Wm mvmnm.._ A E,mmu )
‘n the point g. Finally, the Tays ,
mﬁ%ﬂmmm,mﬁdwwnr wwb on the glass in the mumwmﬁpw ,ﬁ Mwm
wﬂ.m ummnwﬁm.w s0 as to meet in the point S us

chall have the image €& fin an inverted position
behind the glass; au

d an eye placed at 0, dm,rwumw.
i il be affected in the same manner as i
MWM %m%nﬂu aﬁam at ¢ g f inverted, and as Emdw tu%mm
mEmﬁmW as the distance D g 18 gmaller than the dis-
tance € G

1o lac mﬂmeEmwmmh.h
-der to determine the place o e g
ﬂmmwwmﬁ Mﬁmﬁ@ as well to ?LM mE.EWOm Mﬁw m.ﬂwww Muw mw.
e tance of the ebject. As to the Trst, 1L eS8
nwww MMWMM@%WH the mnoum convex the mra.mmw s, Mﬂ
Mm&me #ouumm the meore that the nwwn.w.ﬁmmm of t ¢ mid-
dl cD mMmmmm.m that of the extremiiles, the wmm.wmw
wrn s mage will be to its surface. With regard WS _pm
&M%nm if you bring the object B ¥ nearer to w. e
glass, wnm. image e f vetires from mwu Ewm wﬂﬂwwﬂ,umww Mﬂ
Aass, ,
ot be nearer to the glass n whel
MW@ Mwwwmw Mmm,HM__p a very great mwmwmamm ﬁ%.oa it M“.,_HM
he ‘ s onee ag that of the sun w
then at the same m_ﬂmﬁow as sun wou
ich i ted the focus of the
be, which is denominated ous of e e
her hiect, then, is very distani, r
Mﬁwmw %M JMH.W focns 3 and the nearer you bring the

ect to the glass, the farther the image Hmﬁ.wm from

o i mi law in dieptrics, by
i nformity to a law in dioptnics,
.HHWWMM% MW Nﬂrwwrnwou nmﬁwwgmwm mmﬁmﬂﬁbw M_% @Mwwm
i distance of the object, pro-
of the image, for every d e of the Obiats P e
i know the focus of the glass, s, ¢
M%WWMM Mﬁ “mMnr it collects the rays of the su1l, in s
space gufficiently smatll fo set on five a body ,mummomm .
to it. | ‘

““Fhe point where, the rays meet is, as has been
said,” the place of the image. Now, this point is

@uww%.wcns&cwmmwm&mbam.Hrn%m_m_“mammboal
nations of glasses are derived from it, as when we
‘ay, such a glass has its focus at the distance of an
inch, another at the distance of a foot, another at
the distance of ten feet, and so dn; or, more con-
cisely, a glass of an inch, a foot, or ten feet focus.
‘Long telescopes vequire glasses of a very distant {o-
cus, and itis extremely difficult to make them exact.
¥ once paid 150 crowns for one lens, which I sent.to
the academy of Petersburg; it has its focus at the
- distande of 600 feet.* I am convinced it was of no
- great value ; but they wished to have it on account
“of its rarity. T :

To be satisfied that the representation of the
“image ¢ g f; in Figure 25, is real, you have only
i hold at that place a piece of white paper, the
particles of which are susceptible of the %wmmﬁmﬁﬁ
kinds of vibrations on which colours depend. Then
“all the rays from the point E of the object, on meet-
ing at the point e, will put the particles of the paper

i1ito a movement of vibration similar to that which
the point E has, and conseguently you will seg ihe
point e of the same colour as the point B. In like
manner the points g and £ will have the same colours
" a5 the points G and F of the object; and you will
~ likewise see on the paper all the points of the objeet
expressed in their natural colours ; which will repre-
sent the most exact and the most beautiful picture
of‘the object. This will succeed perfectly well in a
(dark room, by applying a convex lens to a hole
made in the shytter. You will then see on 2 shest

tion, S0 as to

_® The largesi lenses ground by Campani of Bologna, had a focol length
of 100 and 136 feet.. Huygens presented to the Royal Society two lenses,
ane of which was 120, and the other 123 feet in foeal length.—En.




126 . OF VISION, AND THE Let, 41.
of white paper, placed opposite to the aperture in
the shutter, all the external objects so exactly paint-
ed, that you may trace them with a pencil, . Pajnt-
ers make use of such a machine for designing land-
scapes and other views,* .

1874 August 1760,

Lerrer XLT.—Or Vistow, AND THE STRUCTURE
: oFf THE EyE,

I am now enabled to explain the phenomena of
vision, which is undoubtedly one of the greatest
operations of nature that the human mind can con-
template. Though we ave very far short of a per-

¥ The theory of light adapted and fHustrated by Buler in the wwmnﬂ&nn.

letiers, was originally proposed by Huygens, in his Traiid de la Luniere,
published in 1680. In this ingenious work Le has’ shown how oll the
phenpmena of refraction and reflection may be explained snd ealeulated,
by the hypothesis, thas light consists of nndulations of an ethevenl medjum ;
and he eonsiders it as supported by the phenomena of double refragtion.
Notwithstanding the attempts of Euler to revive fhis theary, it fell| into
ﬁﬂ.&.umm_mn_“. and was veceived in no part of Burope as o branch of sound
physics, ’

Abont the year 1800, Dr. Thomas Young ventured to maintain it, almost

single-handed, against the rest of the philasphieal world, He pointed out
its applicability to explain a grent voriety of natural phenomena, that could
not he referved to any general priveiple ; and by his discovery of _EJ law
of interférence, he may be said to have estnblished the theory of undula-
tions. ‘The singular phenomenz of the palarization, and the double —.Jw.m_.ﬂw-
tion of light, which were afterwards discovered, have successively mo:m_w an
explanation in the theory of undulations; and some of the vecent discoveries
in that bragel of optics may be considered as placing it upon the firmest
basis. - )
, The Newtonian doctrive, of the emaneiion of luminous particles, we
have always regarded as the trucone. A partislity for the name of ita|gveat
founders—the simplicity with which it explains the genevel phenomeng, and
perhaps a portion of national feeling, have conspived to give it permapency
in this country. The force of fruth, kewever, compels us to acknowledge,
that the theory of undulations is likely to be soon adopted by every philo-
sapher tyho has studied the vast variety of pheromena which it enthraces and
explaing. An zccount of the Buygenian theory of light will be found iu
the Edindurgh Encyclopedia, Avt, Optics, vol. v, p. 524, —Fn.
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fect knowledge of the subject, the little we do know
of it is more than sufficient to convince us of the

power and wisdom of the Creator. We discover.in
the structure of the eye perfections which the most
exalied genius could never have imagined. :
. I shall not detain you at present with an anatomi-~
cal description of the eye. It is sufficient to remark,
that the exterior membrane a A b (Praws I. Fig. 26.)
is transparent, and is called the Cornea of the eye;
behind this, on the inside, is another membrane & n,
¥’ m, circolar and coloured, which we call the frés, in
the middle of which is an aperture m m, called the
Pypil, which appears to us to be black. We find
behind this aperture, the Crystaliine humour, b6 B C a,
which is a body somewhat resembling in form a small
burning glass; it is perfectly transparent, and is
naﬁmﬂ.mm with a thin membrane, called its Capsule.
Behind the crystalline humour the cavity of the eye
i filled with a transparent jelly, called the vitreous
humauy, ‘The anterior space between the thick coat
‘aA:b, and the crystalline o b, contains a fluid like
wafer, which, for that reason, is called the Agueous
hunomr. :
~:Here, then, are four transparent substances,
_through which the rays of light that enter into the
eye must pass: 1, the anterior coat, or cornea ;
2;' the agueous humour, between A and B; 3,
the crystaliine b B C a: 4, the vitreous hwmour.
~{These four substances differ as to density ; and the
Tays passing from one to another, undergo a parti-
.cular refraction ; and they are so arranged, that the
-rays coming from a point of any object, are still col-
‘lected within the eye in a point, and there present
‘an image. :
The bottom of the eye at B G F, or the retina,
“is fornished with a whitish tissue, adapted to the re-
ception of images : and it is thus, you will please to
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recolleet, that the images of objects may be repre-
sented on & white ground. Conformably to the same
principle, all the objects, whose rays enter into the
eye, are found painted on the retina, Take the eye
of an ox, and having removed the. exterior parts
which cover the retina, you will see all the objects
painted there so exacily, that no artist could surpass
it, or even arrive at such a degree of perfection.
And in order to see any objeci whatever, the object
must always he painted on the retina; and when,
unfortunately, any of the parts of the eye ave in-
jured, or lose their transparency, the person becomes
blind. , : .
But it is not sufficient, in order to our seeing ob-
jects, that their images should be painted on the re-
tina; some are blind, though this takes place.
Hence we see that images painted on the retina are
not, after all, the immediate object of vision, and
that the perception of the soul is communicated
some other way. The retina is a reticulated contex-
ture of nerves the most subtile, communicating with
a great nerve, which, coming from the brain, enters
the eye at O, and is denominated the optic nerve.
These small nerves of the retina are agitated by ithe
rays of light which form the image at the bottom of
the eye; and this agitation is transmitted by the op-
fic nerve to the brain. It is there, undoubtediy,
that mental perception is formed; but the most dez~
terous anatomist is nnable to pursue these nerves to
their source—the union of the soul with the body
must for ever remain a mystery. t

15¢% August 1760,
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Lerren XLIL—Conminuarion. WONDERS DIs-
. ; COYERABLE IN THE STRUCTURE OF THE KyE.

. I will not be disagreeable to you, I hope, to con~
template with me, somewhat mere aftentively, the
wonders disepverahle in the structure of the eye.
.. And, first, the pupil presents an object highly wor-
thy of adwmiration. It is that aperture which we
find in the middle of the iris or star m m, by which
the rays pass inte the inside .of the eye, and which
appears black. The larger it is, the greater .quan-
tity of rays can enter into the eye, to form .on.the
retina the image which appesrs painted there;. thus
the more the pupil is .opeped, the more brilliant this
dmage will be. Sl
i ..0n carefully examining the human eye, we ob;
gerve that the aperture eof the pupil is semetimes
greater and semetimes smaller. "It is generally ro-
manked, that the pupil is contracted when exposed
fo 8 very sirong light; and, on the contrary, wery
much dilated when the light is faint. This variatien
is absolutely necessary to the perfection of wision,
When we are in .a very sirong light, the rays being
more powerful, fewer of them are wanted to agitate
the nepves of the xetina; ithe pupil, accordingly, is
fhen mere conivacted. Were it more.dilated, and
m@mwm@bmﬁ_% admitted more rays, their foree wonld
agitate the nerves tao viclently, and occasion pain.
It is for this reason we are unable to look upon the
sun withont being dazzled, and without experienc-
ing a sensible pain in the bottom of the eye. -
Were it possible for us to contract the pupil still
mere, so as to admit only a very small quantity of
rays, we shonld not be very greatly incommaded hy
it; but the contraction of the pupil is net -in eur
F2 ,
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own power.  Eagles possess this advantage, and are
able to look directly at the sun; it is accordingly
remarked, that their pupil is then so much contraci-
ed, as to appear rednced to a point—a clear light
tequiring a very small dilatation of the pupil. In
proportion as-the light decreases, the pupil dilates,
and in the dark it is so enlarged, as almost to oce-
py the whole of:the iris, Ifit remained in the same
state of contraction as in the light, the rays which
enter into.it would be too weak to agitate the nerves
as much as is necessary to vision ;. the rays .E:ﬁ.u
therefore, be then. admiited in greater abundance,
in; order to produce a sensible effect, . S

4 Wereit.in .our power to open the pupil stilt
mare, % we should be able to see in & greater degree
of darkness. ; Ta this purpose we are told of a per-
son, who, having received a blow on his aye,. the
pipil was so dilated by'it, that he could read and

distinguish the minutest objects in the davk. Cats,

and several other animals which roam in-the dark,
have the faculty of enlarging the pupil much H.H.E,mm
than the human species ; and owls have theirs at gl
times too much dilated io hear even a modevate de-
gree of light. .- . o Y

.. Now, when the pupil of the human eye dilates or

contracts, it is not by an act of the will; man not -

having the power of dilating or contracting the- pu-
pil at pleasure. As soon as he enters into a lumi-
nous sifuation, it spontaneously contracts, and di-
lates on his veturn to darkness. But this change
is, not. prodnced in an instant; it requires a little
time for this organ to accommodate itself to circum-
mﬁmﬁnmm. . .

* Although we cannot do this by musculay exertipn, yet by mﬁmuw a
drop of the jnice of the Belladonna, or of the Hyoseyamus, npon the eye, the
pupil will'dilate itself in an extraardinary defree, and retain iiselfin that state
for one or #wo howrs.—En. ,

S
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- oXow must, no doubt, have remarked, that as often
as-you make a very sudden iransition from a clear
light to a dark place, as in the theatre, you could
not. at first distinguish the company, The pupil .
was still too narrow te permit the few feeble rays
which it admitted to make a sensible impression ;
hut. it _gradually dilated to receive a sufficiency of
rays. ‘The contrary happens when you pass sud-
denly from darkness to 2 clear light.  The pupil
being then very much expanded, the retina is struck
in:a lively manner, you are quite dazzled, and under
the.necessity. of shutting your eyes. o
-t is then a very remarkable circumstance, that
the pupil should dilate and contract according as
wision. requires, and that this ‘nrm..‘:maw should iake
place almost spontaneously and independently of
gny act of the will. Philosophers who examine the
stoucture and the functions of the human body, ave
greatly divided in opinion as to this subject; and
there 1s little appearance that we shall ever have a
sagisfactory solution of this wonderful phenomenon.
The variability of the pupil is, however, an object
esgentially necessary to vision; and without which
‘it:would be very imperfect. But various other par-
ticulars ave discoverable, equally éntitled to admira-
Hlon, .
17th August 1760,

EH S .

ix .
Lpgprer X LIIL—Fartaer CoNTINUATION, —
+ASTONISHING DIFFERENCE BETWEEN THE LVE oF
AN ANIMAY, AND THE ARTIFICIAL KvE, or Ca-

mERA OBSCURA, ..

A wmmﬂgmuu principle on which the structure of the eye
is founded, is in general the same as that accord-
ing to which I explained the representation of ob-
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jects-on white paper. by imeans of a convex. lens..
Both of them must he resolved into. this, that all the
1435, -proceeding from. one. point. of: the. object, are
again. collected in ‘a single point by refraction ;. and
it. seems of little impartance whether this refraction
is.pexformed by a:single leps, or hy the seversl tran-
sparent, substances of which the eye “isi compased.
It might even be inferved from thenee, that a strijcs
tuge more simple than that of the eys, by employing
ope single transparent. substance, wquld have :hee
productive of . the same m@ﬁﬁm@nﬁ:ﬁf@;ﬁ@ﬁm
amount to a very powerful objeetion against: the;wis.
dom of the Creator, who has assuredly pursued the
simplest road in.the formation of all his works.; .
Hersons. have:not heen wanting wha,- from:.ngt
having: attentively examined the advantages. result,.
ing from this apparenj complication, %Hmmzﬁnﬁﬁs%n
censyre. this heautiful . prodaction ‘of the Supreme

Being with a levity worthy of censure. They have

pretended it was in their power to.prodnce a:plan-
more gimple for the.strueture of the eye, .rmnm.d e
they were ignorant of all the functions d&ﬁnuF that.
organ had to discharge. I shall: examine this.plan
of theirs; and I hope to convinga you, that it would
be. highly defective, and altogether zﬁﬁou_wrw%m
being put in compeiition with that which actuaily
exists. . T .

“Such an eye, therefore, would be reduced toia
simple convex lens, A B C D, (Puare I. Fig. 249.)

which colleets, in a peoint, all the rays noﬁwm&dﬂu

& and .the same corzesponding point in the ebject.
c%ﬁmwmwa is only near Hw mehﬂmﬂ@. _The spherical
form, given to the surfaces of a lens, is liable to n_ﬁm
inconvenience, that it does nat completely collect n
one ang ‘the same point the zays which wﬂmm"EﬂoﬁWT

' its centre, and these which passthreugh its extreni-
ties. There igalways a small difference; thongh almost

leng A B, were collected at the point
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imperceptible, in the experiments; by meansof which

‘we'receive the image on-a piece of white paper;-but
iftthis happened in the eye itself; it would render
“vision.very .confused. - . o ol

:he persons to whom T rmﬁm&mmm m:u&uwu” wmmmm,

- thatiit may be possible to-find another figure for-ghe

susfaces. of' the lens, ‘which shall have- the propeity
oficollecting anew all-the rays issuing frpm the point _
€i:in-a:point R, whether they- pass:-through - the

. centre -or ithrough the -extvemities. - I.admit that
‘thisimay. be possible; but supposing the lens to-pos»

segsithls property with respect to the point O, at.the

+ fixed distance €0, it would-not-possess it at points

‘#l.b-greater-or dess distance from the-lens; or-even

- admitting. this to.be-possible, which ‘it. is mot; . the

lenis would most - certainly lose that property-with me-
-gard to.objects placed-anone side, at T, for instange.
_Adeordingly we: see, when objects ave represented on

..ﬁu&n._m%mﬁ that thengh. such as are ‘divectly-bet

forg.the lens, as at O, may be! sufficiently well: ex-
pressed,i yet these which are obliquely situated, asaf
s-are always:much disfigured, and: very confusedly
represented ;. and this is a defect which the most ins
genious artist is- incapable of rectifying, - .
But:there is another, and.one not.less considerable.
In.speaking of rays of different colours, I remarked,
that in. passing from one transparent medium to ano-
thery theyrundergo .a.-different vefraction ; that rays
of a;red colour undergo: the least refraction,-and ~vie-
let-coloured rays. the greatest, - Hence, .if the point
Q mete red, and if its rays, in passing through the
: mu this would
hethe place of the red image. But if the poing Q
were: violet, the rays wonld be collected nearer to

- thedens, at V.. Again, as white is an assemblage of

allsther simple - goloms,, a white- objeet, placed: at O,

- would:forgy: several. images at: once, situated.at dife
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ferent distances from the point Oj the result of
which would be, on the retina, a coloured spot thiat
would greatly disturb the representation. ,

It is accordingly observable, that when in a datk
room the external objects are represented on white
paper; they appear bordered with the colours of the
vainbow; and it is impossible to remedy this defect
by employing only one transparent body: Butit has
been remarked, that this may be done by means lof
different transparent substances ; but neither theqry-
nor practice have hitherto been carried to the degree
of perfection necessary o the execution of a structyre
which should remedy all these defects. :

But the eye which the Creator has formed is subjeet
to 10 one of all the imperfections under which the ima-
ginary construetion ofthe freethinker labours. In this
we discover the true reason why infinite wisdom has
employed several transparvent substances in the for-
mation of the eye: it is thereby secuved against all
the defects which characterize every work of man.
What a noble subject of contemplation | How per-
tinent that question of the Psalmisi | He rwho formed
the eye, shall he not see? and Hewho planted the ear,
a master-

shall He not hear ? The eye alone Ummum b
piece that far transcends the human understanding,
what an exalted idea must we form of Him, who has
bestowed this wonderful gift, and that in the highest
perfection, not on man only, but on the brute crea-
tion, nay, on the vilest of insects !

19tk August 1760,

~

Terier XLIV.—PERFECTIONS DISCOVERABLE IN
THE STRUCTURE OF THE EYE,

TuE eye, then, infinitely surpasses every piede of

mechanism which unan skill is capable of produocing.

Let. 44, STRUCTURE OF THE EYE, Hw.m

he.different tvansparent substances of which it is
compased, have not only a degree of density capable
of cansing different refractions, but their figure is
likewise determined in such a manner, that all the

_Tays proceeding from one point of the objeet are

really collected in one and the same point, whether
that object be more or less distant, whether it be si-
‘tuated directly or abliquely with respect to the eye
and though its rays undergo different refractions. ’
- Weére the least change to be made in the nature
and figure of these substances, the eye would lose
all:the advantages which we have been admiring,
The strength of our sight is exactly proportioned to
the extent of our necessities ; and far from complain-
ing. that objects too remote escape this organ, we
ought, on the contrary, to consider it as one omu tha
wost precious gifis of the Supreme Being, . .
. .Hw must be farther remarked, that in order to see
objects distinctly, it is not sufficient that the rays
which come from one point should be collected in
another. It is likewise necessary, that the point of
re-union should fall precisely on the retina ; if it fell
either short of, or beyond it, vision would become
confused.  Now, if for a certain distance of objects
this paint of union fall upon the retina, those of more
distant objects would fall on a part within the eye
short of the retina; and those of nearer chjects;
would fall beyond the eye. In either case there would
be a confusion in the image painted on the retina,
. The eyes o».. every man, therefore, are constrneted
for a certain distance. Some persons see distinetly
only such objects as are very near to their eyes; we
call them Myops, that is, short-sighted, Dm_mwmm on
the contrary, named Presbytes, see distinetly objects
only which are very distant.  And those who see
distinctly objects at a moderate distance, are said to
have good eyes. ‘Both the other two, however, have
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the power of contracting or dilating the globe of the
eye to a certpin degree, and thereby of bringing
neaver, or of removing, the retina, which enables
them likewise to see clearly objects a little more or
less distant; this, undoubtedly, greatly contributes :no
render the eye more perfect, and it cannot surely be
ascribed to chance merely.

Those who have good eyes, derive most advantage
from their structure, as they arve thus in a condition
to see distinctly ohjects very distant and very near;
but this never exceeds a certain limit. There is,
perhaps, no one who can see at the distance of an
inch, and, cansequently, still less at a smaller dis-
tance. If you hold a piecee of writing close to your
eyes, yon will see the characters but very confusedly.
This ‘is all I presume to offer, on a subject af such
high importance, *

21st Aug. 1760,

Lorrrr X LV.—Or GRAVITY, CONSIDERED A8 A
GENERAL PROPERTY OF BoDY.

Havine now treated of light, 4 I proceed to the
consideration of a property common to all bodies—
that of gravity. We find that all bodies, solid and
finid, fall downward when they are not supporfed.

¥ The wonders of the human eye, so well pointed out by Euler, nrg still
greater than he concsived. He was not acqueinted with the fast, -haf the
erystalline lens diminishes in density from the centre to the circumference,
that it iz composed of successive coneentrie laminz, and that each of ﬁ:...mm la-
aninm-oonsists of minute transparent fibres, varying in thickness, and E,.nwsmma
swith the most beautiful symmetry in relation #p the axis of vision, In mcmba.om
the lower animals the structyre of the crystalline lens is more perfectly dis-
playedl than in man, znd exhibits most striking phenomena, both in refer-
ence to the variations in its density, and the distribution of its fibres.| The
complication of its parts, in some animsls, and the admirable eki with
which they are suited to the varions purposes of their existence, exéeed all
deseription, and confound all human intellizence.—En. ’

4 The subject of optics is resumed by our Anthor indbe 24, volume,—
En.
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HNSE a stone in my hand; if T let it go, it falls to
_”rn. greund,- and would fall still farther, were there
an gperture in the earth. While I write, my paper
would fall to the ground, were it not supported by
the table. The same law applies to every body with
which we are acquainted, There is not one ‘that
would not fall to the ground, if it were not sup-

~ ported, or stopped by the way.

*2The cause of this phenomenon, or of this propen-
sity of all bodies, is denominated MES.@. %mfwuwﬂw
is'sid, that bodies are heavy, or possess gravity, we
megn, that they have a propensity to fall downward,
and- actually would fall, if we remove what before
mﬁwmﬁﬁna them. E.m :

' The ancients were little acquainted with this pro-
perty. They helieved that ﬁrmg.m were bodies Ewm.nr
had:naturally a tendeney fo rise, such as smoke and
vapours; and such bodies they termed light, to dis-
tinguish them from those which have a tendeney to
fall. Butit has been discavered hy experiment, that,
it is the air which raises these substances alofi; for
In a space void of air, it is well known, by means of

_the air-pump, that smoke and vapours descend as

well as stone, and that these sybstancesare, of their own
nature, heavy, like others. When therefore, they
tise into the air, the same law acts upon them which
gcts upon a log of wood plunged into the water.
Notwithstanding its gravity, it springs up as soon as
M%F‘._mmqm it to itself, and swims, becanse it is not so
Yieavy as water; and in virtue of a general rule, all
bodies rise in a fluid of more gravity than themselves,
= If you throw a piece of iron, of copper, of silver,
and even of lead, into a vessel full of guicksilver, they
swim on the surface; and if you force them dowm, they
ﬂ?ﬁmmmb@ when left to themselves. Gold alone sinks,
becduse it is heavier than quicksilver. And, since
there are- hodies which rise in water, and in other
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flnids, norwithstanding their gravity, for this reason
merely, that they are not so heavy as water, or those
other fluids ; it is not at all surprising, that certain
badies, less weighty than air, such as smole and va-
pours, should rise in it o |
. I have alveady remarked, ﬂﬂ.m.ﬁm.ﬁ. itsell ﬂ%o.mwmmmwm
ravity, and that by means of this gravity, 1t sup-
Woﬁmﬁmym mercury ﬁw‘ the barometer. When, ._.b.mﬂ.,n;
fore, it is affirmed, that all bodies are heavy, it is fo
be nnderstood, that all bodiés, without a mEHmHm.mﬁ..
ception, would fall downward in a vacuum. Eﬁwn
venture to add, that they wounld fall with an m@i&.
degree of rapidity; for a feather and a piece of gold
descend with equal velocity in an exhausted receiver.
It might be objected to this general property of
body, that a shell, discharged from a Eozﬂu‘.@@mm
not at once fall to the ground, like a stone, AF&WPH
let drop from my hand, but mounts into the air. It
cannot, however, be inferved, that the shell has no
gravity; for it is evident, that the strength of the
powder hurls the bomb aloft, and but for ﬁ_“:m; it
would, without doubt, immediately fall to the ground.
And we see, in fact, that it does not continue &.éﬁm
to ascend, but as soon as the force which carries it
upward is exhansted, down it comes with a E?%J,,
that crushes every thing it meets—a sufficient proof
of its gravity. . .
‘When, therefore, it is affirmed, that all bodies are
heavy, no one means to deny that they may be stop-
ped, or that they may be thrown aloft; but this is
effected by an external power; and it remains E,nﬁ;
bitably certain, that all bodies whatever, as mo.HJ as
left to themselves, at rest, or without motion, will as-
suredly fall when no longer supported. There is.a
cellar under my apartment, but the floor supports
me, and preserves me from- falling into it. Were
the floor suddenly to crumble away, and the arch of
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the-cellar to tumble in at the same time, I must in-
fallibly be precipitated into it, because my body-is
heayy, like all other bodies with whick we are ac-
quainted. - I say, with whick we are acquainted, for
there may; perhaps, be bodies destitute of weight ;
such as, posgibly, light itself, the elementary fire, the
electric finid, or that of the magnet; or such as the
bodies of mbm&m_u which have formerly appeared to
men. A body, like this, would not fall downward,
though the floor were suddenly to be removed fromi
ander ity but would move as firmly through the air
aszon the earth, .
w: Except these bodies, the gravity of which is not
yet. confirmed by experiment, gravity may be con:
sidered as a general property of all the bodies which
wei know, in virtue of which, they all have a ten-
dency to fall downward, and actually do so, when
nothing opposes their descent.

i B8d August 160,

-t

i

‘LertER XLVI—ConriyuaTion. Ox Sprerric
E GERAVITY.

- You have just seen, that gravity is a general pro-
perty of all the bodies with which we are acquainted,
and that it consists in the effect of an invincible
farce, which presses them downward. |

. .y, Fhilosophers have warmly disputed, whether there

Actually exists a power, which acts in an invisible
Jpenner upon bodies; or whether it be an internal
quality, inherent in the very nature of the bodies,
and, like a natural instinet, constraining. them to de-
scend.  The question amounts to this: If the cause
of gravity is to be found in the very nature of every
hody, orif it exists without it, so that were this ex-
trinsic power to fail in its operation, the body would
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cease i be heavy ? Before we aitenpt a salution of
this, it will be necessary to examine more carefully
all the cireamstances connected with gravity. :

I vemark, first, that when you support a body to
prevent its falling, if it rests on a table, its pressure
is equal to the force with which it would tend to fall ;
and if & thread is affixed to it, by which it may he
suspended, the thread is stretched by that foree; in
other words, by the gravity of that bedy; so that, 1,
the thread were not of o certain strength, it would
bresk. We see, then, that all bodies exercise a &mn
gree of force an the obstacles ﬁr._nr. ms@moﬁ.ﬁpmﬁf
and prevent their falling; and that this action s pre-
cisely the same as that which would make the bady
descend if it were at liberty. "When a stone is HB@
upion a table, the table is pressed by it. You have
but to put your hand between the stone and the
table, to be sensible of this force, which may be H,ﬁ.
creased to such a degree as even to crush the hand.
This force is called the gravity of the body; mumrﬁ
is clear, that the weight or the gravity of every
body signifies the same thing, both denoting the
force with which that hody is pressed downward,
whether this force exists in the body itself, or cut
of it,

We have an idea too clear of the weight of _uomﬁnmu
to make it necessary to dwell longer on the subject.
I only remark, that when two bodies are joined fo-

gether, their weight too is added, so that the weight
of the compound is equal to the sum of the %qﬁmvﬂ
of the parts, From this we see, that the weight of
bodies may be very different. We have also ﬁum
certain means of exactly measuring and comparing
them, by the help of a balance, which has the pro-
perty of resting in equilibrium, when the bodies, put

in its two scales, are of equal gravity, In E_mmy,. to
meke this comparison, we agree on: some fixed mea-
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‘sprement, of a certain determinate weight, such as a
pound, and, by means of a good balance, all bodiea
may be weighed, and their gravity ascertained, ac-
"cording to the mumber of pounds which they con-
tain. A body too great to be put into the scale of a
halance may be divided, and the parts being weigh-
ed separately, you have only to add the particulars.
The weight of & whole house, however large, may
be thus ascertained. .
- You must, no doubt, have frequently remarked,
that a small piece of gold weighs as much as a piece
of wood greatly superior in size—a proof that the
gravity of bodies is not always regulated by their
magnitude; & very small body may be of great
‘weight, while a very large one may be light. Lvery
body, then, is susceptible of two measurements, en-
Hrely different from each other. The one deter~
‘mines its magnitude or extent, called likewise its
size ; this measurement belohgs to the province of
-geometry, which teaches the method of measuring
-, the niagnitude or extent of bodies. The other mode
of measurement, by which their weight is deter-
“mined, is totally different, and serves to distingunish
. the nature of the different substances of which bodies
are formed. .
~ You can easily conceive several masses of differ-
" ent substances, all of the same magnitude, or extent;
_each, for example, of a cubic figure, whose length,
“breadth and height, shall be a foot, Such a mass,
-t be of gold, would weigh 1880 pounds; if of
+_silyer, 770 pounds ; if of iron, 500 pounds; and if of
" water, only 70 pounds; were it of air, it would weigh
Do more than the twelfth part of a pound, From
“this you see, that the different substanees of which
odies are composed, vary considerably in respect
of gravity.




142 TERMS BELATIVE TO GRAVITY,  Let 47.

To express this difference, we employ certain
terms, which might appear equivocal, if they were
not perfectly undersiood. Thus, when it is said,.

that gold is heavier than silwer, it is not to be under-

stood that 2 pound of gold is heavier than a pound:
of silver; for a pound of whatever substance is al-
ways a pound, and has always precisely the same
weight ; but the meaning is, that having two masses|
of the same size, the one gold and the other mnﬂmﬂ.x
the weight of the mass of gold will exceed that of
the silver. And when it is said, that gold is 19
times heavier than water, we mean, that having two
equal masses, the one of ‘gold, the other of water,
that which is of gold will have 19 times the weight
of that which is of water. When we thus express
ourselves, we say nothing of the absolute .Smumra of
bodies, we only speak by way of comparison, and
with a reference always to masses of an equal size.
Neither is it of impartance whether the size be great
or small, provided they be equal.

25tk August 1760,

Lerter XI.VIL—TERMs RRLATIVE To GRaviry,
AND THEIR TRUE IMPORT.

GraviTy, or weight, seems 50 essential to the
nature of bodies, that it is almost impossible to mc_...j
the idea of a body divested of this quality. And its
influence is so universal in &ll our operations upon
body, that we must in every instance pay attention
to its gravity or weight. As to our own persons,
whether we stand, sit, or lie, we continually feel the
effect of the gravity of our own body: we could
never fall if the body were not, as well as all its
parts, endowed with this force. Langnage itself is

lepe
level, when a straight line, passing through these

.
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regulated according to this property of bodies. The
olace toward which a body tends in its descent we

term Jow, and the opposite direction from the body

e term high.
.Jt must be remarked, that when a body, in falling,

s gt perfect liberty, it always descends in a straight

line, pursuing which, its direction is said to be down-
ward, This Wﬂm is likewise called wertical, by which
term we always mean a straight line, drawn from
high {0 low; and if we conceive this line produced
upward, till it reaches heaven, we call that point in
the heavens our zenizh—an Arabian word, denoting
that point in the heavens which is directly over our
head. You comprehend, then, that a vertical line,

s that straight line in which a body falls, when no

lopger supported.  When you affix » thread to any
bady, holding it fast at the other end, that thread
will be stretched out into a straight line, and that
line will be vertical. Masons employ a small cord,

vith a leaden ball at one end, which they call a
Dlummet, to direct the perpendicularity of the walls
which they raise; for these, to be solid, must be
yertical.

., All the floors of a house onght to be so level, that
the vertical line shall be perpendicular to them ; the
figor, in that case, is said to be horizontal; and you
will please to remember, that a horizontal plane is
alyays that to which the vertical line is perpendi-
enlar,  'When you, are in a perfect plane, bounded

- by, no mountain, its extremities are termed the kori-

#oy—a Greek word, which signifies the boundary of
sight; and this plane then represents a horizontal

- plane, just as the surface of a lake, ‘
-+ We make use of still another term to express what

rizontal. 'We say that such a sarface or line is
... We likewise say, that two points are on the
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, points, is horizontal, so that the vertical, or
WMMEWW&M@” shall be perpendicular to it. But .QW,S
points are not on the level, when the straight line,
drawn through these points, is not horizontal; for
then one of them is more elevated than the other.

This is the case with rivers; their surface has a
declivity ; for were it horizontal, the river éom_@ ,rm
stagnant, and run down no longer, whereas all rivers
are continually flowing toward places less elevated.
There are instruments, by means of which we can
ascertain whether two points aré on the same level,
or which is the higher, and by how mmech, This
instrument is called a Nm”_.mr and the application of it
i ed the art of levelling. i
* m%%mﬁm you to draw a mﬁ.mmmmww line from any point
in your apartment at Berlin, to a given point in wﬁw;m.
apartment at Magdeburg, you might, by means 0
such an instrument, ascertain ﬁrmﬁ_umu. this line were
horizontal, or whether one of these poinis were more

or less elevated then the other. I believe the paint
at Berlin would be more elevated than that at Mag-
deburg: and I found this opinion on the course of
the rivers Sprée, IHavel, and Elbe. As the Sprée
runs into the Havel, it must, of course, be Hdmwmwm
and, for the same reason, the Elbe must be lower
than the Havel: Berlin therefore stands higher ;.;5
Magdeburg, provided you compare two polnts af an
equal degree of elevation from the ground; ,ﬂouu
were a straight line to be drawn from the styeet
pavement. at Berlin to the pinnacle over the dome
at Magdeburg, that line would perhaps be hori-
ucm%.wunm you see how useful the art of taking levels
is, when the conducting of water is concerned. ,E.E.
as water can run only from a more to 2 less mﬂmdwﬁmm
situation, before E%mgm a canal, vou must be ﬂqm_u

assured, that one of the extremities is more elevated °
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.EmﬁﬂwooﬁwmﬁmbmﬁEmmm&mnﬂ,ﬁmmvwﬁﬁum%m
Tevel, )
n building a city, the streets should be so dis-
josed, as that, by means of a declivity on one side,
the water may run off, It is otherwise in the con-
stfnetion of honses, the floors of which shonld be
perfectly horizontal, and without the smallest decli-
jity, because there is no water to be discharged, ex~
~gept in the floors of stables, which are constructed
with a gentle declivity. Astronomers take great
pains to have the floors of their observatories per-
fectly level, to correspond with. the real horizon in
ihe heavens. The vertical line, produced upward,
marks the zenith.
2Tth August 1760,

fmrrer XLVIIL—Rerry To cErrain OBIECTIONS

,.eo.emmmpmemummm_mmﬁog“_.M,Hmdwm.umﬁﬁ..u
+ FROM GRAVITY. :

You kiuow well, that the figure_of the carth is
pearly that of a globe. It has, indeed, been de-
monsirated, that its form is not perfeetly spherieal,
but somewhat flattened toward the poles. The dif.
ference, however, is so trifling, that it does not at
gll affect the object I have in view. Neither does
the difference of mountain and valley excite any so-
lid objection to its globular figure; for its diameter
being 7912 English miles, whereas the highest moun.-
fdins being about five English miles in height, sink

into nothing, compared to this prodigions mass,

.- The ancients had a very imperfect notion of the

real figuve of the earth. Tt was-in_general consider-

ed as a hupe massy substance, A B.C D (Prarve I,

Fig. 28.) flattened above-as A B, and covered. nartly
with earth, partly with. water, “According to thein
VOL. 1. , G :
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idea, the surface A B alone was habitable; and it
smmuwb%%mwzm to go beyond the points A and B,
which they considered as the extremities -of Em
" world, When, in the progress of Emmoﬁwuw it was
found that the earth was nearly spherical, and unj-
versally habitable, so that there were upon the globe
spots diametrically opposite to us, the inhabitants ﬂm
which are therefore called our dntipodes, because
their feet are turned directly toward ours—this opi-
nion met with such violent contradiction, that nm%u
tain fathers of the church represented it as a mum.m”
fal heresy, and thundered out anathemas against
all who believed in the existence of the wﬁﬂmom@m.
A man, however, would now pass for an idiat, sﬁo
would call it in question; especially since the opt~
pion has been confirmed by the experience of umfﬂ_u
gators, who have frequently sailed round the globe.
But another difficulty here presents itself, the mo?u
tion of which must asgist us in discovering the veal
irection of gravity.
mﬁHm the nw%m bm (Prare L Fig. 29.) say they, re-
~ presents the earth, and we are at A, our antipodes
" will be diametrically opposite at B. As we, .nr" 1,
have the head npward, and the feet downward, our
antipedes must have the feet npward and the rﬂmw&
downward, supposing these words to indicate the
same direction as when we pronounce the same écw.mm
at the place where we are. . For navigators who h ve
made the circnit of the globe, observe, that E:w:
head and feet had throughont maintained the same
position relatively to the surface of the terrestrial
mHo%MH.bm persons, whom this phenomenon mBUE.w.mmn
sed, formerly thought of explaining it, ,U.% the com-
parison of a globe, over the surface of which you see
flies and othev insects crawl on the under as ﬁmﬂ as
the upper part. But they did not consider that the

‘upward and dewnaard, therefore,
Jnvariable direction, but the ﬁ%
“wherever it is. Our antipodes have their heads

. wum_“. 49, T0 THE EARTH'S FIGURE. 147

insects on the dependent swface adhere to, it by
their claws, and without this- assistance would pre-
sently fall off. The antipode, then, must have his
‘shoes furnished with hooks to hold him fast to the
surface of the earth ; but though be has none, he does

not fall any more than we do. Besides, as we ima-

- ‘gine ourselves to be on the uppermost surface of the

earth, the antipode has the same idea of his situa-
tion, and considers us as undermost.

But the whole phenomena are easily accounted
for, on the hypothesis which experience has demon-
strated, that the divection of gravity is sensibly per-

‘pendicular to the surface of the earth, at every point

of that snrface; that it varies at these different
points; and that at those which ave antipodes to
each other, it must be exactly opposite. The terms
do not express an
direction of gravity,
downweard only with velation to ws, but not with re-
lation to themselves; they, as well as we, are in the

position which the power of gravity constrains them
“to preserve; and that position is similar relatively to
the surface of the earth. You had, undoubtedly, no

eed of this explanation ; but there was a time, and

;it is not long elapsed, when it would have been ne-

cessary even to persons who were then honoured
with the appellation of the learned. :

282% kmawﬁm 1460,

Lerrer XLIX,—True DIRECTION AND ACTION

OF (GRAVITY RELATIVELY TO THE [LARTH.

Tuouvau the surface of the earth is unequal, he-
se of the mountains and valleys which overspread
t, 1t is, however, perfectly level wherever there is
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; the smface of water being always horizontal,
MMM. Mammﬁmanﬂ ling, in the E.Hmwmou of which bodies
fall, being perpendicular to it. I then, the whole
lobe were covered with water, at whatever spot of
mrm surface a person émm.m. the Mmﬂao& line would he
endicnlar to the surface of the water.
@E%EF the figure ABC DE F G H I (Prate H
Fig. 80.), representing the earth, its surface being
every where horizontal ; at A the _E.m a A will be ver-
tical; at B the line 5B; at C the ine ¢ C; at D Em
line ¢ D; at T the line /' F; and so of the rest.
Now, at every place the veriical line determines
what is to be denominated upward or dowrward ; %o
persons at A, then, the point A is. downward, mm:w
the point  upward; and to persons at I, the point
T will be downward, and the point # upward, and
so for every other spot on the surface ol the earth.
All these vertical lines a2 A, B u.wu ¢ O.u é 1, &e. are
likewise named the directions of gravity, or .ﬁm_mrr
because bodies universally descend in the direcnign
of these lines; thus a body left to itself at g, would
fall in the direction of the line g G. Hence it iis
evident, that bodies universally must fall 32&.@
the earth, and that perpendicularly to the surface
of the earth, or rather of the water, if it were
water. o
At whatever place of the earth, therefore, you
may happen to be, as bodies fall there toward. its
suvface, we call downward that ..a&._ar is directed _mo..
ward the earth, or is nearest to it and upward what
is placed in the opposite direction, or is farthest from
the earth: and, universally, men .H.Eﬁum their ﬁmn
m.wmmmmm to the earth, their feet will be moﬁﬁéﬂqm“
and their heads vpward. If the earth weve a perfect
mwormu gll the vertical lines z A, & B, ¢ C, being @MEWP
ced inwardly, would meet at the centre of the g ol
which is likewise that of the earth; and for this rea-
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gpm:we say that bodies universally tend toward the
cenfre of the earth, Thus, wherever you are placed,
when asked, what is downward ? the answer must be,
. whatapproaches nearest to the centre of the earih.
- In fact, were you to dig a hole in the earth, at what-
ever place, and to continue your labour incessantly,
digging always downward and downward perpendi-
enlarly, you would at length veach the centre of the
sarth.  You will remember how Voltaire used to
laugh at the idea of a hole reaching to the centre of
the earth, mentioned by Maupertuss. It is true, snch
a.project could never be executed, as it would be
“necessary to dig to the depth of 3956 English miles;
-but there is no harm in supposing it, in order to dis-
cover what wounld be the result, :

81.) to be dug at A, and continued beyond the centre
of the earth O, the whole length of the diameter, as
far as to our antipodes B, and that we were to de-
scend along this aperture. Before arriving at the
centre O, and having reached, for example, the point
E, the centre of the earth O will there appear down-
ward, and the point A upward; and, unless something
supported us, we should fall toward O, But having
- passed beyond the centre to F, for example, our gra-
vity would then have a tendency toward O; this point,
and much more the point A, would appear down-
ward, and the point B upward. Thus the terms up-
ward-and downward would suddenly change their
signification, though we should have passed from A
ito:B,.in the direction of a straight line, .~
‘i As long as we are on the passage from A to 0O, we
e mmmnmsmw_m.. ; but in going from O to B, we are
actnally rising, for we are removing from the centre
fitithe earth—our ewn gravity being always directed
toward that point; so that, if we were to fall, whel
ther-from E or from F, we should always fall toward

.

- Let us suppose, then, such a hole (Prare 1. Fig.
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the centre of the earth. Qur antipode at B, if Fn
wanted to pass from B to A, would be in Ewnﬁ&ﬂ
the same situation. From B to the cenfre O he
would have to descend ; but from O to A it would be
all an ascent. These considerations lead us thus to
define gravity or weight, It is a power hy which all~
bodies are forced toward the centre of the earth.
The same body which, being at A, is forced in &m
divection A O, if transported to B, will be forced,
by the power of gravity, in the direction B O, which
is directly opposite to the other. By the direction
of gravity, then, we every where regnlate the signi-
fication of the terms upward and downward, rise and
descend, as gravity or weight has a very essential in-
fAuence on all our operations and enterprises, and|as
even our own bodies are animated by it to such a
depree, as universally to feel its effects. ‘

=]
20th August 1760.

I,eereR L—IDIFFERENT ACTION OF GRAVITY WITH
pESPECT T0 CERTAIN COUNTRIES AND DisTaNcES
Fion THE CENTRE OF THE EsrTH.

Vou are now sensible that all bodies are forced
divectly towards the centre of the earth, and perpen-
dicularly to its surface, by their gravity : the perpen-
dicular lines at the snrface of omr globe, are momuo?
dmngly considered as the directions of the power of
gravity. =

With strict propriety is the term power applied to
gravity, as every thing capable of putiing & body in
Tnotion is expressed by that name. Thus we ascribe
power to horses, because they ave able to draw along
1 chariot; or to the enrrent of a river, or to the jﬂum
because by their means mills may be put in motion
There can be no doubt, therefore, that gravity 18
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power, as it forces bodies downward: and we are
abyndantly sensible of the effect of this power, by
nrm pressure which we feel when we carry a load.

& Now, in every power two things are to be consi-
mumm_mm" first, the direction in which it acts, or forces

“ylong bodies; and secondly, its quantity, which is
‘_mm‘ﬁEﬁ& by the effect it produces.  As to the direc~
tion of gravity, it is sufficiently known; for we are
sure that it forces all bodies toward the centre of the
..nE.nF or, which amounts to the same thing, that it
acts perpendicularly to the surface of our globe.

. H.ﬁ remains, therefore, that we examine its quantity.
.ﬂrpm power is always determined by the weight of
‘every body; and as bodies differ greatly with respect

'to weight, those which are heaviest ave likewise

¥ forced downward with the greatest violence. It has
been asked, Whether the same body, transported to
a different place of the globe, preserves always the
same weight? T speak of bodies which lose nothing

by evaporation. It has been demonstrated, by un-

- donbted experiments,_ that the same body weighs

. somewhat less toward the equator, than toward the
poles of the earth. -
It will readily oceur to you, that it is impossible to
““ascertain this difference by the exactest balance, be-
- cause the standard weights employed for determining
i the weight of matter in bedies, undergo, the same®
. variation. Thus a mass, which with us might weigh
_ 100 @osﬁmmu being transported to the equator, would
) mnwm nominally be 100 pounds weight, but the effort

will be somewhat less than here. This variation:
_hias been discovered by the effect itself of the power
f gravity, which is the velocity of the descent; for
is found that the same body, under the equator,
““does not descend with sa great velocity as in high

i Esmom. It is certain, therefore, that the same




