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own power. Eagles possess this advantage, and ave
able to look directly at the sun; it is accordingly
remarked, that their pupil is then so much contract-
ed, as to appear rednced to a point—a clear light
requiring 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 ocen-

- py the whole of:.the ivis. If it 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 inust,
therefore, be then. admitted in greater abundance,
in. order to produce a sensible effect, . - ‘

i Were..it .in our power to open the pupil still

1mare, % we should be able to see in a greater degree
of darkpess. , To this purpose we are told of a per-
son, who, having received a blow on his eye, the
pipil was so dilated by'it, that he conld read and

digtinguish the minutest objects in the dark. Cats;

and several other animals which roam in-the dark,
have the faculty of énlarging the pupil much more
than the human species ; and owls have theirs at all
times too much dilated to bear even a moderate de-
gree of light, ,,- . o , i

.. Now, when the pupil of the human eye dilatas 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 sijuation, it spontancously contracts, and di-
lates on his return to darkness. But this change
is, not. prodnced in an instant; it requires a litile
time for this organ to accommodate itself to cireurn-
stances. ' ;

* Although we cannot do this by musenlar exertipn,. yet by puiting a
drop of the juice of the Belladonna, or of the Hyoseyamus, npon the eye, the
pupil will'dilate itself in an extroavdinary defree, and retain iiself in that siute
for one or fwa howrs.—TBn. )
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. ¥ou mhust, no doubt, have remarked, that as often
as-you make a very sudden transition 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 ;
but..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 guite dazzled, and under
the.necessity of shutting your eyes. o
It is then a very remarkable circumstance, that
the pupil should dilate and contract according as
¥igion. requires, and that this -ch?lnlge 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 is little appearance that we shall ever have a

satisfactory 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 pas-
ticulars ave discoverable, equally éntitled to admira-
tiom. _ '
17tk August 1760.
[ O
i . _
Lopren XLIIL—FarTHER CONTINUATION,-—
-+ ASTONISHING DIFFERENCE BETWEEN THE FYE oF
AN ANIMAY, AND THE ARTIFIcIAL ByE, on Ca-
mERA OBSCURA, '

~

i ;5,.'];‘1133 principle on which the structure of the eye -
is founded, is in general the same as that accord-
ing to which I explained the representaiion of ob-
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jects on white. paper. by-means of a convex lens..
Bath of them must he resplved into this, that all the
rays, proceeding from. one. point of; the object, are
again collected in a single point by refraction ;. ang
it segms of little jmpaortance whether this refraction
ig.pexformed by a:single lens, or hythe seversl tran-
sparent.substances of which the eye “is: composed:
Tt might even be inferred. from thenee,. that a strucs
ture more simple than that of the eys, by employing
opesingle transparenit. substance, wanld have :heer
praduciive of the same adveniages;. which wenld
amaount to a very powerful objection againat:the:wis,
dom of .the Creator, who has assuredly pursued the
simplest read in.the formation of all his works..:. . .
. Persons. have: not heen -wanting who,- ‘I’Toma.ngt
having: attentively examined the advantages. result-
ing from this apparenj eomplication, presumed:to
censyre. this beantiful . production ‘of the Supreme
Being with a levity worthy of censure.
pretended it was in their power {o.produce a:plan-
more simple for the.strueture of the eye, hecause
they were ignorvant of all the functions which. that

organ had to discharge. I shall: examine this.plan -

of theirs; and I hope fo convinga you, that it would
be highly defective, and altogether unwor.thygl.]ff
iy

being put in compeiition with that which actu

exists. _ T I
‘Such an eye, therefore, would . be reduced to a
simple convex lens, A B CD, (Prare I. Fig. 27 B
which colleets, in a peint, all the rays coming.fron
one.and .the same corresponding point in the ebject.
- But this is only neax to the truth. The spherical
form, given to the surfaces of a lens, is liable to this
inconvenience, that it daes nat completely collect in

one and'the same point the xays which pass: thnoug h
' its centue, and those which: passthréugh its extren-.

des. Thereisalways a small differcnee, thongh almost-

They have
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perceptible, in the experiments, by means of which
we'reeeive the image on:a piece of white paper;-but
ifithis happened in- the. eye itself; it- would render
vision.very.confused. - . L. e
he persons to whom I have'been alluding, allege;
thatit may be possible to-find another figure forthe
surfages of the lens, which-shall have- the property
oficollecting anew all the rays issuing from the point
Qysin-a-point R, whether they pass:-through- the
~ eentre -or through the -extremities. - X.admit that
‘thisimay. be possible; but supposing the lens to-pos-
- sgsg:this: property with respect. to the point O, at-the
fixed.distance € O, it would not possess it at points
al-p-greater-ov dess distance {rom the-lens; -or-even
admitting this to be-possible, which it is mot, .the
lens would mmost certainly lose that property-with 1e-
gard to-objects placed on one side, at T, for instance.
Agcordingly we. see, when objects ave represented em-
“white. paper, that though. sach as -are “divectly. bes
forg.the lens, as at O, may be: sufficiently well ex-
ppessed,i yet those which are obliquely situated; as at
Ly are always:much disfigured,  and very confasedly
represented :-and. this is a defect which the most i~
genious artist is incapable of reetifying, - . ... -
Bt there is another, and ore not less considerable.
Inspeaking of rays of different colours; I remarked,
that in. passing from one transparent medium to ano-
thew;: thegundergo -a. different vefraction ;. that rays
of g:red colour undergo: the least refrdction, and vio-
let=rolonred rays. the greatest.. | Hencg, -if the point
Q were red, and if its rays, in passing through the
lens A B, were collected at the point %{, this would
beihe place of the red image. ~Bug if the point, Q

ere: violet, the rgys wonld be collectpd nearer: to
thedens, at: V.- Again, as white is an assemblage of

lthew.simplegalours,, a white- objeet, placed:at O,
wouldtfory. several. images at: once,- sitmated-at difs
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ferent distances from the point Oj the result of
which would be, on the reting, a calgured spot that
would greatly disturb the representation. N
It is accordingly observable, that when in a dark
room the external objects are represented on white
paper, they appear bordered with the colours of the
rainbow; and it is impossible to remedy this QEf?ct
by employing only one transpavent body. Butit has
been remarked, that this may be done l?y means }of
different transparent substances ; but neither theory-
nor practice have hitherto been carried io the degxl?ee
of perfection necessary to the execution of a structyre
which should remedy all these defects. ) B
But the eye which the Creator has formed is subject
to10 one of all the imperfections under which the ima-
ginary construction of the freethinker labours. In t‘hw:
we discover the true reason why infinite wisdom has
employed several transparent substances in the fPr-
mation of the eye: it is thereby secured agamstiall
the defects which characterize every work of man.
‘What. a noble subject of contemplation | How per-
tinent that question of the Psalmist ! He who formed
the eye, shall he not see? and Hewho planted the éar,
shall He not hear # The eye alone heing a master-
piece that far transcends the human understanding,
what an exalted idea mnst we form: of Em, Wh:o as
bestowed this wonderful gift, and that in the highest
perfection, not on man only, but an the brate crea-
tion, nay, on the vilest of insects !

19tk August 1760.

TereeR X LIV.—PERFECTIONS DISCOVERABLE: IN
THE STRUCTURE OF THE LYE,

THE eye, then, infinitely surpasses every picce of

iechanism which human skill is capable of producing.
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-ikhe diffevent transparént substances of which it is
somposed, 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
vays. proceeding from one point of the ohjeet are
veally collected in one and the same point, whether
that object be more or less distant, whether it be si-
tnated directly or abliquely with respect to the eye,
and though its rays undergo different refractions,
+- -Were 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 of the
most precious gifts of the Supreme Being, = .
. It 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 fall
either short of, or beyond it, vision would become

- confused. Now, if for a certain distance of objects,

this point 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 ohjects;
would fall beyond the eye. In either case there would
be a confusion in the image painted on the retina.

. The eyes of every man, therefore, are constructed
for a certain distance, Some persons see distinctly
only such objects as are very near to their €yes; we
call them Myops, that is, short-sighted. Others, on
the contrary, named Presbyses, see distinctly objects

- only which are very distant. And those who sea

distinctly objects at o 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 bringi_]‘?g
neaver, or of removing, the retina, which enables
them likewise to see clearly objects a little more or
less distant; this, undoubtedly, greatly contributes ‘to
render the eye more perfect, and it cannot suvely be
ascribed to chance merely.

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

Blsz Aug. 1760,

Lerrer XLV.—Or GRrAVITY, CONSIDERED A8 A
GENERAL PROFERTY OF BoDy,

Havine now treated of light, { I proceed to the
consideration of a property common to all bodies—
that af gravity. We find that all bodies, solid and
finid, fall downward when they are mot supported.

* T wonders of the human eye, so well pointed out by Enler, -aré still
greater than he conceived. He was mot acquainted with the faut, that the

erystaliine lens diminishes in density from the centre fo the circumference,
that it iz composed of successive coneentrie lamins, and that each of theze la-

minsoonsists-of minute transpavent fibres, varying in thickmess, and arranged
with the most heautiful symmetry in relation ¢p the axie of vision, In suﬂne,of
the Jower animals the structyre of the crystalline Jens is more perfectly dia-

playedl than in man, and exhibits most striking phenomena, both in Feféx"—

ence to.the variations in its density, and the distribution of its fibres.| The
comylication of its parts, in some animals, and the admirable sLlll‘wuh K
which they are suited to the varions purposes of their existence, exeeed 3l

deseription, and confound 1l human intelligence.—Fn,

En.

4 The subject of opiics is resumed by our Anthor infhe 2d. yolwpe,—
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I hold a stone in my hand; if T let it go, it falls to
the ground, and would fall still farther, were there
am gperture in the earth. While I write, my paper
wonld 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.

“»Fhe cause of this phenomenon, or of this propen-
sity of all bodies, is denominated grawizy. When it
is'sgid, that bodies are heavy, or possess gravity, we
mean, that they have a propensity to fall downwerd,
and- actually would fall, if we remove what before
f‘,‘%’fﬂiﬁd them. . il -

" The ancients were ittle acquainted with this pro-
perty. They believed that thctlare were bodies wﬂch
had:naturally a tendeney io rise, such as smoke and
vapours ; and such bodies they termed light, to dis-
tingnish them from those which have a tendeney to
fal_l. But it has been discovered by experiment, that
it is the air which raises these substances aloft; 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 substancesare, of their awn
Dature, heavy, like others. When therefore, they
Fise into the air, the same law acts upon them which
acts upon a log of wood plunged into the water.
Natwithstanding its gravity, it springs up as soon as
you-leave it to itself, and swims, because it is not so
Yieawy as water; and in virtue of a general rule, all
bodies vise in a fluid of more gravity than themselves.
=: If you throw a piece of éron, of copper, of silver,

and even of lead, into a vessel full of guicksilver, they
swim on the surface; and if you force them down, they
re-ascend when left to themselves.  Gold alone sinks,

beciuse it is heavier than quicksilver. And, singe

there are bodies which rise in water, and in other
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finids, notwithstanding their gravity, for this reasdn
merely, that they are not so heavy as water, or thoge
other fluids ; it is not at all surprising, that certain
bodies, less weighty than air, such as smoke and va-
pours, should rise in it.

- I have alveady remarked, that air itself possesses
gravity, and that by means of this gravity, it sups
ports the mercury in the barometer. ~ When, there-
fore, it is affirmed, that all bodies arve heavy, it is to
be understood, that all bodiés, without a sinIgle ex-
ception, would fall downward in a vacuum. U'might
venture to add, that they would fall with an equal
degree of rapidity; for a feather and a piece of gold
descend with equal velocity in an exhausted receiv?r.

Tt might be objected to this general property of
body, that a shell, discharged from a mortar,. dq‘es
not at once fall to the ground, like a stone, which 1
let drop from my hand, but mounts into the air. It
cannot, however, be inferred, that the shell has po
gravity ; for it is evident, that the strength of the
powder hwls the bomb aloft, and but for this, it
would, without doubt, immediately fall to the grcurild.
And we see, in fact, that it does not continue always
to ascend, but as soon as the force which cares it
upward is exhausted, down it comes with a rapidity
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 indu-
bitably certain, that all bodies whatever, as soon as
left to themselves, at rest, or without motien, wﬂﬂas-
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 snddenly to erumble away, and the arch of
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the:cellar to tumble in at the samve time, I must in-
fallibly be precipitated into it, because my body-is
hieayy, like all other bodies with which we are ac-
quainted. - I say, with which we are acquainted, for
there may, perhaps, be bodies destitute of weight ;
such as, possibly, light itself, the elementary fire, the
E!QG!EI‘IC finid, or that of the magnet; or such as the
bodies of a.nﬁels', which have formetly appeared to
men. A body, like this, would not fall downward,
though the floor were suddenly to be removed from
Awnder ity but would move as firmly through the air
agon the earth. : '

v 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
awei know, in virtue of which, they all have a ten-
denc_y to fall downward, and actually do so, when
nothing opposes their descent. -

© 23d August 1760,

IS T
i

V{‘LETTER XLVIL—ConTinvaTion, OF SPECIFIC
B GrAvITY.

You have just seen, that gravity is a general pro-
“perty of all the bodies with which we are acquainted,
and that it consisis in the effect of an invincible
.Jig;c;g,_ which presses them downward, . '
A Ehllosopbers have warmly disputed, whether there
Actoally exists a power, which acts in an invisible
smenner upon bodies ; or whether it be an internal
quality, inherent in the very mature of the bodies,
and, like a natural instinct, constraining them to de-
Scend. .The question amounts to this: If the cause
sof, gravity is to be found in the very nature of every
‘h_gdy., or if it exists without it, so that were this ex-
fringie power to fail in its operation, the body would
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cease e be heavy ? Before we attempt a salution of
this, it will be necessary to exawmine more carefully
all the civenmstances conpected with gravity. :
1 remark, 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 o thread is affixed to it, hy which it may he
suspended, the thread is stretched by that foree; in
other words, by the gravity of that bedy; so that, }f
the thread were not of 2 certain strength, it would
bresk. We see, then, that all bodies exercise a dt?-
gree of force on the obstaclgs ﬂw;vhic‘ih_ supp_ort_theq‘"x,
and prevent their falling; and that this action 1s pre-
ciselg the same as t_haiig which would make the body
descend if it were at liberty. "When a stone is laid
upon 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 in-
creased to such a degree as even to crush the hand.
This force is called the gravity of the body; andth
is clear, that the weight or the gravity of every
body signifies the same thing, both denoting the
force with which that body is pressed downward,
whether this force exists in the bedy itself, or dut
of it ]
We have an idea too clear of the weight of bodies,
to make it necessary to dwell longer on the subject.
1 only remark, that when two bodies are joined to-
gether, their weight too is added, so that the wei ht
of the compound is equal to the sum of the weight
of the parts. From this we see, that the weight of
bodies may be very different, We lave also t:'he
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 ordey to
make this comparison, we agree on: some fixed mea-

- Let, 46.
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pound, and, by means of a good balance, all bodiea
may be weighed, and their gravity ascertained, ac-
"cording to the number of pounds which they con-
fain. A body too great to be put into the seale of 2
halance may be divided, and the parts being weigh-

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
magmitude; a very small body may be of great
‘weight, while a very large one may be light. Livery
body, then, is susceptible of two measurements, en-
firely different from each other, The one deter-
mines its magnitude or extent, called likewise its
_size; this measurement belongs to the province of
-geometry, which teaches the method of measuring
-, the magnitude or extent of bodies. The other mode
of measurement, by which their weight is deter-
“mined, is totally different, and serves to distinguish
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 exient;
gach, for example, of a cubic fignre, whose length,
‘breadih and height, shall be a foot. Such a mass,
"1t be of gold, would weigh 1330 pounds; if of
_silyer, 770 pounds ; if of iron, 500 pounds; and if of
_water, only 70 pounds ; weve it of air, it would weigh
_Do more than the twelfth part of 2 pound. From
s yon see, that the different substanees of which
;. podies are composed, vary considerably in respect
of gravity.

o

‘sirement, of a certain determinate weight, such as a

ed separately, you have only to add the particulars. .
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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 silver, it is not to be under--

stood that a ponund of gold is heavier than a pound;
of silver; for a pound of whatever substance is al-
ways & 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 silver,
the weight of the mass of gold will exceed that of
the silver. And when it is said, that gold is 1
times heavier than water, we mean, that having twol
equal masses, the one of gold, the .other of wadter,
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 'nght of
bodies, we only speak by way of comparison, and
with a reference always to masses of an equal size.
Neither is it of importance whether the size be great
or small, provided they be equal.

25tk August 1760,

Lerrer XLVIL—TERMs RELATIVE To GRAVITY,
AND THEIR TRUE ImMeoRT.

Graviry, or weight, seems so essential to the
nature of bodies, that it is almost impossible to for_m;
the idea of a body divested of this quality. And its
influence is so universal in all our operations upor
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, Language itself is
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regulated according to this property of bodies. The

place toward which a body tends in its descent we

term fow, and the opposite direction from the bady
€ term Zigh,

. It must be remarked, that when a body, in falling,
.15 gt perfect liberty, it always descends in a straight
line, pursuing which, its direction is said to be down-
ward, This %ine is likewise called wertical, by which
teym we always mean a straight line, drawn from
high to low; and if we conceive this line produced
upward, till it reaches heaven, we call that point in
the heavens our zenith—an Arabian word, denoting
that point in the heavens which is divectly over our
head. You comprehend, then, that a vertical line,
is that sttaight line in which a body falls, when no
lopger supported. "When you affix a thread to any
body, holding it fast at the other end, that thread
will be stretched ont into a straight line, and that
line will be vertical. Masons employ a small cord,
with 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 ought to be so level, that
the vertical line shall be perpendicular to them ; the
~ floor, in that case, is said to be horizontal; and you

will please to remember, that a horizontal plane is
always that to which the vertical line is perpendi-
ecolar,  'When you, are in a perfect plane, bounded
by, ne mountain, its extremities are termed the hori-
zon—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
is horizontal. 'We say that such a snrface or line is
" lepel. - We likewise say, that two points are on the

“level, when a straight line, passing through these
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, points, is horizontal, so that the vertical, or
;‘;rlfm%c-)line: shall be perpendicular to it. But Wo
points are not on the level, when the straight line,
drawn through these points, is not horizontal ; fPr
then one of them is more elevated than the other..
This is the case with rivers; then'. surface hag a
declivity ; for were it horizontal, the river woulgl he
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 much. This
instrument is called a lﬁ'z;;l, and the application of it
is called the art of levelling. i
* %ere you to draw a st_lgaight line from any point
in your apartmentat Berlin, to a given point in yq:uué
apartment at Magdeburg, you might, by means 0
such an instrument, ascertain Whether_ this line were
horizontal, or whether one of these poinis were more
or less elevated than the other. I believe the paint
at Berlin would be more elevated than that at Mag-

deburg: and 1 found this opinion on the course of

e rivers Sprée, Havel, and Elbe. As the Sprée
ﬁisrinto thepHasvel, it n,lust, of course, be higher;

for the same reason, the Elbe must. be l_owe;
?1?31,1 tl?; H:.veI: Berlin éherefore stands higher than
an
for,
traicht line to be drawn from the street
‘g:;:mac;nsta ather]_'m to the pinnacle over the dome
at Magdeburg, that line would perhaps be hori-

provided you compare two points at

dchur
Mgl ‘of elevation from the ground;

equal degree

zontal.

Hence you see how nseful the art of taking 1ef\ur;15
or

|
as water can run only from 2 more to a less elev, ted
situation, before digging a canal, you must be ‘well
assured, that one of the extremities is more elevated

is, when the conducting of water is concerned.
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Lﬁﬁt 48.
than:the other, and this is discovered by taking the
eyel, ;
_-In building a city, the streets should be so dis-
posed, as that, by means of a declivity on one side,
the water may run off, It is otherwise in the con-
stinction of houses, the floors of which shonld be
perfectly horizontal, and without the smallest decli-
vity; 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
the heavens, The vertical line, produced upward,

marks the zenith,

21th August 1760,

ETTER XLVIIL-—REeprLy 10 cErrain OBJECTIONS

~T0 THE Earta’s Sepmemicat FIeure, DERIVED
.. FRoAM GraviTy,

You kiow well, that the figure of the earth is
early that of a globe. It has, indeed, been de-
lonsirated, that its form is not perfeetly spherical,
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
he difference of mountain and valley excite a1y so-
lid_objection to its globular figure; for its diameter
being 7912 English miles, whereas the highest moun.-
ins being about five English miles in height, sink
nto nothing, compared to this prodigions mass.
.. The ancients had a very imperfect notion of the
real figure of the earth.. Tt was in_general consider-
ed-as a huge massy substance, A B.C D (Prare I,
. 28.) flattened above as. A B, and covered. parily

1 earth, partly with water. Aeccording to their
VOL. I. G '
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REPLY TO CERTAIN OBJECTIONS
idea, the surface A B alone was habi.table; and it
was impossible to go beyond the points A and B,
which they considered as the’ extremities -of the
" world. When, in the progress of discovery, 1t was
found that the earth was nearly spherical, and uni-
versally habitable, so that there were upon the glohe
- spots diametrically opposite to us, the inhabitants of
which are therefore called our dntipodes, because
their feet ave turned directly toward ouys—this opi-
nion met with such violent contradiction, that ceg-
tain fathers of the church represented it as a dre.a;
ful heresy, and thundered out anathemas agamst
all who believed in the existence of the antipodes.
A man, however, would now pass for an idiot, w]rl_o
would call it in question; especially since the opi-
nion has been confirmed by the experience of na&l—
gators, who have frequently sailed round the globe.
But another difficulty here presents itself, the so]},u—
tion of which must assist us in discovering the veal
irection of gravity.
(hrlf the 'circ%e Ag (PraTe L Fig. 29.) say they, re-
presents the earth, and we are at A, our antipodes
will be dismetrically opposite at B. As we, th} n,
have the head vpward, and the feet downward, ?ucl]_
antipodes must have the feet npward and the h?lal 1
downward, supposing these words to indicate Tcde
same direction as when we pronounce the same words
at the place where we are. . For navigators who h ve
made the circnit of the globe, observe, that their
head and feet had throughont maintained the sdme

|
position relatively to the surface of the terrestrial

globe.

Some persons, ;
sed, formerly thought of explain
parison of a globe, over

ng it, by the com-

the upper part. But they

whom this phenomenon embarras-

the surface of which ymﬁ see
i iher insects crawl on the u.ndr_er as well as
flies and othe did not consider that the

]\‘_‘;et. 49,
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ihsects on the dependent surface 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 he 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 direction of gravity is sensibly per-
pendicular to the surface of the earth, at every point
of that surface; that it varies at these different
points; and that at those which arve antipodes to
each other, it must be exactly opposite. The terms
upward and downward, therefore, do not express an
.invariable direction, but the direction of gravilg',
“wherever it is. Ounr antipodes have their heads

downward only with relation to us, 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
“meed 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.

28tk August 1160,

Lerren XLIX.—True DinkcTioNn AND AcTION
' 0F (GRAVITY RELATIVELY T0 THE KARTH,

" Tuoveu the surface of the earth is unequal, be-
anse of the mountains and valleys which ovevspread
t, it is, however, perfectly level wherever there is




" which is likewise that of the earth; and for this rea-
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; smface of water being always horizontal,
2;9;1, tlzl;evertical ling, in the direction of which bodies
fall, being perpendicular to it. I then, the whole
lobe were covered with water, at whatever spot q:f
gua surface a person was]z_ the f\_rctall:ltlcal line would be
endicular to the surface of the water.

Pel%hus, the ignne ABCDE F G H I (Prare ‘I
Fig. 80.), representing the earth, iis surface being
every where horizontal ; at A the lm'e a A will be ver-
tical; at B the line 5 B; at C the line ¢ C; at D tl}e
line ¢ D; at ¥ the line / F; and so of the rest.
Now, at every place the veriical line determines
what is to be denominated upward or downward ; to

. persons at A, then, the point A is downward, and

int ¢ upward; and to persons at F, the point
tE}‘liv}i)li be rIOulznward, and the point # upward, and
so for every other spot on the surface of the earth.
All these vertical lines 2 A, 5 B, ¢ G, d D, &e. are
likewise named the directions of gravity, or }ﬁelg.l-}t,
because bodies nniversally descend in the direetion
of these lines; thus a body 19:h: to itself at g, wgu}_d
fall in the direction of the line g G, Hence it lis
evident, that bodies universally must.fall towgtd
the earth, and that perpendicularly to the surface
of the earth, or rather of the water, if it were
Wajﬁ..whatever place of the earth, therefore, ypu
may happen to be, as bodies fall _the?e ’goward. }ts
surface, we call downward that which is directed to-
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 .hzwlng their feet
pfessed to the earth, their feet will he doumw:-;icd,
and their heads upward. If the earth weve a perfect
glbbe, all the vertical lines a A, & B, ¢ C, being prmcltq?-
ced inwardly, wonld meet at the centre of the globé
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spniave say that bodies amiversally tend toward the
eentre of the earth, Thus, wherever you are placed,
when asked, what is downward ? the answer must be,
what approaches nearest to the centre of the earth,
In fact, were you to dig a hole in the earth, at what-
eyer.place, and to continue your lahour incessantly,
digging always downward and downward pérpendi-
cularly, you would at length veach the centre of the
earth. You will remember how Polfaire used to
laugh at the idea of a hole reaching to the centre of
the earth, mentioned by Maupertuis. It is true, such
a.project could never be executed, as it would be
‘necessary to dig to the depth of 8956 English miles;
but there is no harm in supposing it, in order to dis-
cover what wounld be the result. :
- <Let us suppose, then, such a hole (PraTe I. Fig.’
81.) to be dujz 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 elong this aperture. Before arriving at the
centre O, and having reached, for exainple, the point
- E, the centre of the earth O will there appear down-
ward, and the point A upward; and, unless something
supported ns, we should fall toward Q. But having
passed beyond the centre to T, for example, our gra-
¥ity would then have a tendency toward Oy this poiut,
and much more the point A, would appear down-
ward; and the point B upward. Thus the terms up-
ard-and downward would suddenly change their
signification, though we should have passed from A
to:B, in the direction of a straight line, .~

# Aslong as we are on the passage from A to O, we
¢ descending; but in going from O to B, we are
cinally rising, for we are removing from the centre
pfithe.earth—our own gravity being always directed
toward that poiut; so that, if we weve to fall, whe
ther-from ¥ or from F, we should always fall toward

.
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the centre of the earth. Our antipode at B, if he
wanted to pass from B to A, would be in precisely
the same situation. TFrom B to the centre O he
would have to descend ; but from Oto A it would be
all an ascent. These considerations lead us thus to
define gravity or weight. It is a power by which all~
bodies ave forced toward the centre of the fem‘t;h.
The same body which, being at A, ls _iorced in the
direction A O, if transported to B, will be forced,
by the power of gravity, in the direction B O,_, Wh}:ch
is directly opposite to the other. By the direction
of gravity, then, we every where regulate the’mgm-
fication of the terms wpward and downward, rise and
descend, as gravity or weight has a very gssentml_\m-
fluence on all our operations and enterprises, aud as
even our own bodies are animated by it to such a
degree, as universally to feel its effects. '

- 90¢h August 1760,

Lerrer L.—IDIFFERENT ACTION OF GraviTy WiTH
nesprer To CERTAIN COUNTRIES AND IJISTANCES
FitoM THE CENTRE OF THE EARTH.

Vou are now sensible that all bodies are forced
directly towards the centre of the eaxth, and perpen-
dicularly to its swiace, by their gravity : the perpen-
dicular lines at the surface of our globe, are accor-

dingly considered as the directions of the power of

r%vétiyth strict propriety is the term power applied to
gravity, as every thing capable of putting a bo;a)‘r_ in
motion is expressed by that name. Thus we asgxib
powef to horses, becanse they: are able to draw :?l'cm
1 chariot; or to the current;oi a river, or to the 1;1113,
because by their means mills may be put in motion
There ean be no doubt, therefore, that gravity 15
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ﬁbWer, as it forces bodies downward: and we are
‘abundantly sensible of the effect of this power, by

~ the pressure which we feel when we carry a load.

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

_‘dlong bodies; and secondly, its quantity, which is

“estimated by the effect it produces. As to the direc-
“tion of gravity, it is sufficiently known; for we are
~sute that it forces all bodies toward the centre of the
earth, or, which amounts to the same thing, that it
acts perpendicularly to the surface of our globe.

It remains, therefore, that we examine its quantity.

“This power is always determined by the weight of

every body; and as bodies differ greatly with respect

“to weight, those which .are heaviest are 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 ? I speak of bodies which lose nothing
by evaporation. It has been demonstrated, by un-

“doubted experiments, that the same body weighs
« somewhat less toward the equator, than toward the

poles of the earth. ‘ -
It will readily occur to you, that it is impossible to

“ascertain this difference by the exactest balance, be-
“tause the standard weights employed for determining

the weight of matter in bodies, undergo the same#

"variation. Thus a mass, which with us might weigh

100 pounds, being transported to the equator, would
still nominally be 100 pounds weight, but the effort
will be somewhat less than here. This variation-

" has been discovered by the effect iiself of the power

of gravity, which is the velocity of the descent; for -
t'is found that the same body, nunder the equator,
does not descend with so great velocity as in high

“atitudes. It is certain, therefore, that the same
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body, being transported to different places of the
earth, undergoes a little change as to weight.

Let us now return to the aperture made in the
earth through its centre; it is clear, that a body at
the very centre must entirely lose its gravity, as it
eould no longer move in any direction whatever, all
those of gravity tending continnally toward the centre
of the earth, Since, then, a body has no longer
gravity at the centre of the earth, it will follow, that
in descending to this centre, its gravity will be gra-
dually diminished; and we accordingly conclude, that
2 body, penetrating into the howels of the earth, loses
its gravity, in proportion as it approaches the centre.
You must be sensible, then, that neither the intensi-
ty nor the direction of gravity is a consequence from
the nature of every body, as not only its intensity is
variable, but likewise its divection, which, on passing
to the antipodes, becomes quite contrary.

Having travelled, in idea, to the eentre of the
earth, let us return to its surface, and ascend to the
summit of the loftiest mountains, We shall observe
there no sensible change in the gravity of bodies,
though there is very good reason to believe that the
weight of a bedy diminishes in proporiion as it re-
moves from the earth, You have but to imagine a
body gradually removing from our globe, till it reach-

#ed the sun, or one of the fixed stars, it would be ri-
diculous to think that such a body must fall back to
the earth, as it is almost a nothing compared to these
stavs. Hence, then, it may be concluded, that abody
in removing from the earth must undergo a diminn-
tion of gravity, which will become smaller and smaller,
till at last it wholly disappear.

There are reasons, however, which demonstrate,
that a body removed to the distance of the moon,
will still have some weight, thongh 8600 times less.
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than it had on the earth. T.et us conceive such a
hody to weigh 3600 pounds on the earth, no one,
surely, is capable of supporting it here; but convey
it:to the distance of the moon; and I shall engage to
support it with one of my fingers, for then it will weigh

- only one pound ; and if farther removed, it would

weigh still less. 'We are certain, therefore, that gra-
vity is a power which forces all bodies toward the

gentre of the eavth, that this power acts with the

greatest force at the surface of the earth, and is di-

minished in propertion as it removes from thence,

whether by penetrating toward the centre, or rising

gbove the surface of the globe. I have still much to

say on this subject. :
80¢% August 1760,

. Lerrer LI.—GraviTy or THE Moon.

-7

-1 #avE said that a terrestrial body, placed at the
distance of the moon, would be rednced to the 3600th
part of its weight, or, in other words, would be forced
teward the centre of the earth with a power 3600
times less than it has at the surface of the globe.
"This power, however, would be sufficient to make it
descend to the earih, if it were no longer supported,
It.is true we are incapable of proving this by any ex-
periment, as no means exist of raising ourselves to %
such a height. There is, however, a body at that
height—the moon: she musi therefore be subject to
this effect of gravity, and yet we see she does not fall
th the earth. : :
Lo this T answer, that if the moon were at rest,
the wauld certainly fall; but the rapid motion which
egrries her along prevents her from falling. There are
experiments which prove the solidity of this answer.

{&gtone dropped from the hand, without having any

motion impressed upon it, falls immediately, in the
' G 2
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Jirection of a straight vertical line ; but if' you throw
this stone, impressing on it a motion which forces it
out of that divection, it does not fall immediately
downward, but moves in a curve line before it reach-
es the earth;and this will appear more sensibly in
proportion to the velocity impressed upen it.

A cannon ball discharged in a horizonial direc-
tion, does not' come to the earth till it has got to 2
considerable distance ; and were it fired from the top
of a high mountain, it might, perhaps, fly several
miles before it reached the ground. If the direction
of the cannon is farther elevated, and the quantity
and strength of. the powder inereased, the ball will
be carried much farther. This might be carried so
far, that the ball should not light till it had reached|
the antipodes : nay, farther still, till it should not fall
at all, but return to the place where it was shot off;
and thus perforii a new tour round the globe. It
would thus be a little moon, making its revolutions
round the earth, like the real moon.

You will now please to reflect on the height of the
moon, and the prodigions velocity with which she
moves, and you will no longer be surprised that she
should not fall to the earth, though forced by gravi-
ty toward its centre. There is another reflection
which will place this in a cleaver light. We have

gonly to consider the path described by a stone

" thrown, or a cannon ball shot off, in an oblique direc-
tion. Itis always a curve, such as represented in
the annexed figure (Prare I, Fig. 32).

Tet A be the summit of a mountain from whick
the canunon ball is fired off, which, after having
moved in the direction A £ F B, falls to the groun
at B and the path which it describes is a cuxrve line.
1 remark, then, that if the.ball were not heavy, that
is, if it were not forced toward the earth by the
power of gravity, it would not fall, though left to

- Quence, forced toward the earth; but this weight, is

a3
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itself, as gravity is the only 'cause of its descent;’
much less, being fived off at A, as represented.in the
fignre, -would it. ever fall to the ground. Hence we
see;. it is gravity that brings it down to the ground,
after having described the curve A E T B ; gravity,
there_for_e, divects its path in the curve A E F B;
and if it were destitute of gravity, ‘the ball would
gotﬁdescri‘beha curve, but proceed forward in the di-
rgotion of the straight line ‘direction i
ook twe G oigf. A C, the direction in
5~ This being laid down, let us attend to the moon,
which assuredly does not move in a straight line;
her path must of necessity be a curve, as she alway;
preserves nearly the same distance from us, and that
gurve -almost a circle, such as you would describe
-xgunrl the earth, with a radius equal to the moon’s
distance,

5 It is very reasonable to demand, ‘Why the moon
does not move in a straight line? But the answer is
obvious ; for as gravity occasions the curved direction
of the path pursued by a stone thrown, or a cannon
ball fived off, there is good ground for maintaining
that gravity acts likewise upon the moon, forcingj
her toward the earth; and that this gravity* occa-

- glons also the curved direction of her orbit. The

moon, then, has'a certain weight—she is, of conse-
3600 times less than it would be at the surface of ”
the earth, This is not merely a probable conjecture
but a truth demonstrated. For this gravity heiné
supposed, we are enabled to determine, on the most
ostablished mathematical principles, the path which
he moon must pursue; and this is found perfectly’
0.agree with that in which she actually does move; .

-#nd this is 2 complete demonstration of the truth of
~the assertion,

.. st September 1760.






