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PHYSTCAT "HSsSAY

Q.N. T'H &

SENSES.

Of the Touch.

HE ToucH participates of lefs Deli-

cacy than the other Senfes; but at

the fame Time furpaflfes them in

point of Certainty. It abfolutely

cuts off all Incredulity ; befides which good
Property, it enjoys that of being the moft gene-
ral Senfation. Seecing and Hearing refult from
the Organization of a very minute Portion of
our Struéture ; but it is requifite that every
Part of the animal (Economy fhould be endued
with the Faculty of Feeling, to diflinguith us
from mere Machines, that may be taken to
pieces at pleafure, without the Confcioufnefs of
any Violence offered to their Mechanifm. This
is what Nature has furnithed ; and wherever we
find Nerves and Life, there alfo fubfifts this
Sort of Senfation 3 which dees not {feem to ftand
B . - i



2 A Phyfical Effay

The in need of any particular Organization, or to
mdepend on the Structure of the nervous Papille,
the fimple folid Texture of the Nerve being

alone fufficient to produce it. The Lips of a

green Wound, the Periofteum, or a Tendon,

laid bare, have a very quick Senfation, tho’
deftitute of the nervous Papille obfervable on

the Skin, Nature, whom one would conclude
neceffarily obliged to be at a great Expence in
producing this Senfe of the Touch, has never-

thelefs eftablithed it at a fmall one. So that the
nervous Papille are not abfolutely neceffary to
Feeling, but to the Perfeftion of it, and the
Variety of the refpective Senfations. The Senfe

of Feeling therefore is as the Bafis of all other
Senfations. ’Tis the Genus, of which they are

the moft perfect Species. All the nervous So-

lids, animated by a Fluid, are endued with this

The Sen.g€neral Senfation. But the Papillz of the Skin,
fes in ge-thofe of the Fingers for example, enjoy it to a
neral are nyaoree of Perfection ; which adds to the firft

but Modes
of Feeling Senfation a Sort of Difcernment of the Figure

li:r:;"‘r;cz"nf the Body touched. The Papille of the
;;m_ﬂ "Tongue furpafs thofe of the Skin; and, in
fhort, thofe of the Nofe the Papille of the

Tongue : and fo of the reft in Proportion to the
Delicacy of the Senfation. What I am advan-
cing, in regard of the Papilie, does not at all
exclude the reft of the nervous Texture from the
Share it has in caufing Senfation. The Papilla
are more concerned than this Texture, in parti-

cular
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on the SENSES, 3
cular Organs, as on the Skin, and the Tongue. The
In others they have a lefs Portion afligned them ; ‘T'”f':”"-
namely, in refpet of the Nofe, or the Pituitary
Membrane, which conflitutes the Organ of
Smelling. In fhort, in other Places the Pa-
pille feem to have ftill a lefs Share ; and the
folid nervous Texture almoft fingly compofes
the Organ as in the Sight. Thefe Differences
proceed from each Organ’s being proportioned
to the Objett whofe Impreflion it receives.
It would be very conducive to the Perfection of
the Touch, were the Nerves to form {mall {en-
fible Eminences : becaufe thefe Sort of fharp
pointed Subftances are more eafily irritated by
the Surface of Bodies, than an uniform Texture
could poffibly be. The Tafte would require
nervous Papille, that fhould be of a fpungy
Nature, and at the fame time fufficiently 1m-
pregnated with Moifbure, to dilute and diffolve
the Principles of Tafte, and to admit them ea-
fily into their Texture, in order to their making
a more lively Impreflion. The pituitary Mem-
brane that lines the Organ of the Smell is fur-
nifhed with foit, downy, Windings, and lictle .
Cells, to confine the odoriferous Vapours ; but,
its Object being fubtile, it would have no Occa-
fion either for Papillz, or fenfible Points. The
Choroides, the immediate Organ of Sight, has
likewife its foft black Down, to abforb the Ima-
ges that make its Object : but the Bottom of
thefe velver Subftances, formed to receive the

B2 Images
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Tijhg.-.- Images, ought to be a nervous Membrane, very
OUCH.
3 ,{mooth and very fenfible.

All Matter of fufficient Confiftence or Soli-
dity to affect the Surface of our Skin, becomes

Objeéts nFthﬂ Object of the Touch. This Senfe afcer-
theTouch. tains the Bulk, and Figure of Bodies, their Di-

Heat.

Cold.

ftance, Inaétion, Motion, Sulidi’t}r, Softnefs, Flu-
idity, Heat, Coldnefs, Drynefs, Moifture, &c.
‘Thefe are its proper Objects.

‘The Senfation of Warmth, or Heat, is a Sort
of light Emotion, or [rritation of our nervous
Parts, and an Expanfion of our Solids and
Fluids, produced by the flight Ation of a mo-

derate Quantity of the fubtile Matter that com-

pofes Fire, or the Origin of Heat, whether na-
tural or artificial.

When this Matter either exceeds in Quantity,
or is more than ordinarily agieated, then, inftead
of 1rritating or expanding our Solids and Fluids,
it tears them, and diffolves them ; and this Vio-
lence of Action caufes an Inflammation.

- The Senfation of Cold, on the contrary, is a
Sort of Obftruction in the nervous Papillz, and
generally in all the Solids, and a Condenfation,
or Defect of Motion, in our Fluids ; arifing ei-
ther from the Contact of fome cold Subftance,
that is to fay, of a Subftance that is not to any
degree impregnated with fubtile agitated Mat-
ter, like the Air, or Water, in Winter ; or by
any other accidental Caufe, whereby the Motion
of our Fluids and natural Elemental Heat is fup-

prefled,




on the SENSES, e

prefled, like the Periodical Convulfion of the TTha
Solids that produces the Shivering in an Ague.--h_?,m
It is probable, that our Fluids being either to-

tally condenfed, or impeded in their Motion, by

one or ‘other of thefe Caufes, the nervous Pa-

pille, and the Solids in general, which are

folely expanded by the Impulfe of thefe Fluids,

-are immediately blocked up ; and it is this Con-
ftipation, that is the Source of all the Effeéts of

Cold in the Human Body.

The Skin, the Organ of the Touch, is ag,uaure
Compofition of Fibres, Nerves, and Veflels, of the
which are interwoven one with the other in fuch S¥in-
an extraordinary manner, that the Texture in
fome meafure refembles Network,

This fibrous Texture 1s vifible in thick Sham-
my, and in the Soles of Shoes made of a thick
and foft Leather, where, indeed, the Fibres
appear very diftinétly. |

The Skin adheres to all the Parts it inclofes,
by means of Blood-Vefltls, Lymphatics, Nerves,
and fometimes of flefhy Fibres, as in the Face ;
but commonly by feveral very thin complicated
Fohages, which form themfelves into little Cells,
where the Extremities of the Arteries fecern an
Oil, termed Fat. The Anatomifts call thefe
Strata of Foliages the Cellular Membrane, or
Membrana Adipofa : Tts Structure pretty much
refembles that of a Puff-Palte Cake. It is here
the Butchers introduce the Air, when they blow

B 3 their
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their Meat, to render it more agreeable to the

TGUC_H. E

The pe

The Skin is formed of all the Parts them.
felves that faften it to the Body which it in-
folds, Thefe Foliages, Veflcls, and Capillary
Nerves are determined one over the other by
the Compreflion of the Waters that furround
the Feetus in the Womb, and, after its Birth,
by the Preffure of the Atmofphere, Thefe Fi-
bres, being thus interwoven and prefled toge-
ther, form the Subftance we have been defcri-
bing. - Several of thefe Veflels, originally hollow,
acquire in a fhort Space a firm Solidity, and be-
come as it were tendinous ; and are, with the
Nerves, the principal Subftance of this thick
Texture,

The nervous Capillaries, after having con-
curred, by their twining and running acrofs one

~ ancther, to the Formation of the Skin, terminate

in its external Surface ; where they fhed their
firft Coat, to wit, That fupplied by the Dure
Mater.  This firft Coat, commonly ftiled the
Sheath of the Nerve, is divided into feveral
Shreds, that ftick entangled together on the Sur-
face of the Skin, and by that means conftitute a
Sort of Network, called the Reticulary Body,
The Mechanifm of this nervous Network is

fe&t Organ very well accommodated for. receiving the Im-

preflion of Objects: but the Extremity of the
Nerve, ftripped of this firft Coat, expands and
raifes itfelf between the Interftices of this Net-

work,
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work, and forms the nervous Papillee, Thefe The
are elevated above the Network, are far mnrezf:f:‘,
fufceptible of Irritation, and, confequently, in-

tirely formed for the Production of the moft

perfect Senfation. A {pirituous Lymph moiftens

thefe Papille, renders them fupple and elaftic,

and of courfe furnithes an Organ in all refpeéts
compleat and accomplifhed. -

Thefe Papille are ranged in Lines, and in a
certain Order. And it is this Order that pro-
duces the little Ridges obfervable on the Cuticle,
or Scarf-Skin, and fo vifible at the Ends of owr
Fingers, where they are {piral.

The nervous Papillee are perpendicular to the
Surface of the Body. At the Ends of the Fin-
gers they are lengthened in Proportion to the
Extent of that Part, and are {o clofely connefted
together, as to form thofe folid Bodies, the
Nails,

Their very ftrait Union is the Reafon why
there is no Paffage for the animal Fluid thro®
this Compofition, whence the Nail becomes in-
fenfible. But, to make amends, at the Root of
the Nail, where the nervous Papille are very
folid, very elaftic, and remain open to the Flux
of Spirits, the Senfation is extreme. .

The fanguinary, lymphatic, and oily Ca-
pillaries, that penetrate the Texture of the Skin,
are diftributed almoft like the Nerves. Being
interwoven one with another in the Skin, they
form the vafculary Network. Their Expanfion

B 4 on
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rohe on the Surface of the Skin conftitutes the Excre-

ey~ tory Veflels, and the Cuticle that invefts the Pa-
pille, and is very necefiary to them, by foften-
ing the Imprefiion of Objects 3 and rendering by
that means the Perception more diftinét. In
fhort, to this Structure, fo adapted to the form-

- 1ng the Organ of the Touch, we muft add the

Glands fituated under the Skin 3 which ferve to
fupply, at the End of the Lymphatics, the
Spirits neceflary for the Lymph that moiftens the
nervous Papillee, and to beftow on the Animal
Eluid a Preparation requifite to the Perfetion of
this Senfation.

Advantage . The ‘Senfe of Feeling is abfolutely fo com-

Eifaﬂli pleat, ‘and of fuch univerfal Benefit, that it has

| fometimes performed, if I may fo exprefs my-
felf, the Funétion of the Eyes, and recom penfed,
in fome meafure, the Blind for the Lofs of their
Sight.

Hittorical AN Organift in Holland, tho’ deprived of his

Relations Eyes, could notwithftanding play perfectly well.

g::h_tilgg He had acquired likewife a Habit of diftinguifh.
ing by the Touch the different kinds of Mo-
ney, and even Colours.  Cards could not efcape
the Delicacy of his Fingers, by which means he
became a formidable Gamefter : For, in dealing
the Cards, he knew the Hands of thofe he played
with, as well as his own.

The Sculptor Ganibafius of Folterre ftill fur-
pafied ‘the Organift I am fpeaking of. It was
fufficient for this blind Artift to have touched an

Object,
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Objedt, in order to make a Buft in Clay, that _The

fhould bear an exaét Refemblance. Ef.:fi;

Thefe are the Perfettions of the Touch, ex-
ceeding all Imagination, and indeed Belief, were
they not very well attefted. In the mean while,
I am apt to think that this latter Inftance does
not depend fo much on a perfect Senfation, as on
an- extreme lively Imagination. - There is no
one, but may diftinguith the Inequalities of a
Face with his Fingers ; but, perhaps, it was the
peculiar Privilege of the Sculptor Ganibafius’s
Imagination, to be capable of conceiving an
exact Likenefs, by the Inequalities perceived by
the Touch, and of executing it afterwards in
Clay.

One Perfeétion of the T'ouch, common enough Tickling.
indeed, but for this very Reafon worthy of our
Obfervation, 1s T7ckling,aSort of Hermaphrodite
Senfation ; produétive of Pleafure, of which it
1s an Extreme ; and of Pain, of which it is as it
were the firft Degree. Tickling makes us
laugh, and at the fame time is infupportable.
And, if you carry it too far, it becomes a
real Evil, and even a mortal one, if any
Credit is to be given to Writers on that
Subjeét. This Senfation, therefore, muft con-
fift in a flight Stimulating of the Organ of the
Touch, like the Irritation that produces all vo-
luptuous Senfations ; but what is at the fame
time {till of more Energy, and even quick
enough to throw the Soul and Nerves into Emo-

I tions
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Tickling.

Tmagina-

tion pro-
ductive of

A Plyfical Effay
tions and Agitations, more violent, than what
ufually refult from Pleafure: and, on that ac-
count, this Irritation approaches very near to the
Attacks that excite Pain,

The lively Irritation that caufes Tickling,
proceeds, firft, from a Sort of Impreffion made
by the Object, as when the Lips are lightly
ftroked with a Feather : fecondly, from the
Difpofition of the Organ extremely fenfible,
namely, the nervous Papillz of the Skin, being
very numerous, very fufceptible of Irritation,
and furnifhed with abundance of Spirits. For
this Reafon, Bodies of a moft fenfible and moft
lively Temperament, and the Parts that are beft
fupplicd with Nerves, are alone fubjected to
being tickled. The Organ may morecver be
endued with a Senfibility, as it is neceffary it
fhould be in order to produce a Tickling, by a
Difpofition inclining a little to an Inflammation.
To this Caufe thofe Itchings muft be afcribed,
where a light Scratching is the Source of fo great
a Pleafure. But this Pleafure, like Tickling,
borders very much on Pain.

Befides thefe Difpofitions of the Object, and
of the Organ, Imagination has likewife a great

the Senfeof Share in this Senfation of Tickling, as well as in
Tickling. a]] other Senfations.

If any one touches us in the moft infenfible
Places with a profefled Intention to tickle us, we
cannot bear it.  On the contrary, if the Hand be
applied to our Skin indifferently, without that

feeming
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feeming Intention, we are not fenfible of any ex- Tickling.
traordinary Impreffion ; and, in the moft ticklith
Parts, we can touch ourfelves with all the
Tranquillity imaginable. Surprize therefore,
or Miftruft, is a neceflary Requifite to difpofe
the Organs and the Objeét for Tickling. This
Affection of the Soul determines her to difpatch
a greater Quantity of Spirits to thefe Organs,
and to all the Mufcles that have any Connexion
with them. She there puts them on Action,
and by that means renders both the Organ more
lively and fenfible, and the Mufcles fufceptible
of Contraction on the leaft Impreflion. Itisa
kind of Terror in the Organ of the Touch;
which may be compared to that a Hare is un-
der, when fthe hears the Cry of the Dogs.

This odd Pheenomenon, in regard of Tick- , Priet
ling, i1s a Confirmation of the Alliance there iswho could
between the Soul, and the Organs of Senfation. deprive

: . ; himfelf of
But, I am apt to imagine, that there is no Faét 51 p;s
more fingular, in refpect of this récipmcal Cor- Senfes.

refpondence, than the Story recounted by St.
Augufiine. He tells us, that a certain Parith-
Prieft, named Reftiturus, was pofleflfed of a
Soul fo abfolutely Miftrefs of the Senfes, that
he could at pleafure intirely deprive them of
their Faculty of Feeling, and become like one
dead. Tho’ burnt, or pricked, he ftill con-
tinued infenfible. Nor was he apprized of hav-
ing been pricked or burnt, but by the Marks
that remained on the Skin. He could likewife

intirely
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The intirely fufpend all manner of Sign of Ref-

— " piration,
I have either read it fomewhere, or have

heard fomebody ftrenuoufly affert it, that a cer-
tain Perfon, endued with a Faculty not unlike
this, one Day in agreeable Company, having
fucceeded extremely well in dying thus volunta-
rily, over-ated his Part fo far, as to forget to
raife himfelf to Life again.
Senfation - The Tickling, we have been juft explaining,
of Love. Jeads us naturally to another Kind of Senfation
arifing from the Touch, that is miore perfect,
more general, and effential to all Animals for
the Propagation of their Species.  This Senfa-
tion is a Sort of Tafte for I mmortality.  The
Senfe properly called Tafte, prompts us to take
neceflary Nourithment for the Prefervation of
Life ; but this other Kind of Tafte inflames us
with a Defire of giving Being to others, and
fo to' perpetuate our Race to the End of
Ages. :
Tho’ this Senfation be only an extreme De-
licacy of the Touch, which it pofiefifes in com-
mon with all the Senfes ; it is neverthelefs Very
diftinét from fimple Touching, and, indeed,
much more fo, than the Smell differs from the
Tafte. One may even confidently affert, that
1t has an undoubted Superiority over all the
Senfes, both lay reafon of its End, and of its
Object, and the Noblenefs of the Senfation it-
felf. It is to this End all Beings endued with
Life




on the SENSESs. 13
Life owe their Exiftence. The Obje&s of all the TThﬁ

other Senfes are material, foreign, Bodies ; theﬂ
Objeét of this Senfation is no lefs than another
Senfation. It is an Organ full of Life and Spi-
rits, that communicates them to another : Or
rather, it is almoft a general Commerce of all
the Senfes, and principally of all the Kinds of
the Senfe of Feeling. In refpet of Senfation it-
felf, if Love be put in Competition with the
Appetite, we fhall fcarce perceive any Room
for Comparifon. The latter, to a {mall Pleafure,
joins a Mixture of Bafenefs, conformable to
Senfations worthy only of mere Brutes. To the
former is attached a Senfation, that entitles it to
the Name of Pleafure, and that in an eminent
Degree, connected with Affetions that hold
all Nature in the fofteft Chains ; and the Subli-
mity and Delicacy of which is the moft remark-
able Characteriftic of Human Nature, and the
moft valuable Property of the Heart and
Soul.

A Senfation, that is capable of being raifed
even to a Degree of Moral Purity, and fublime
Metaphyfics, might very well deferve to be ex-
prefsly treated of in a Work of this Nature,
which has on other Accounts a Prerogative to
difcufs Subjects of fuch Sort ; and, perhaps,
this m'ght not be the leaft curious Province for
real Naruralifts. But there are {o few of thefe,
in refpett of the prejudiced Part of Mankind,
that, out of a Regard to the Infirmities of a

g!’tﬂﬂ'{
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Of the TASTE.

HE Taste, confidered fuperficially,
would feem to be a Senfation pecu-
liar to the Mouth, and diftin& from
that of Hunger and Thirft. But,

if we trace it to its Origin, we fhall be convinced,
that this Organ, which in the Mouth makes us
fenfible of the Delicacy of Meats and Drinks,
is the felf-fame Principle, that in the Mouth,
Gullet, and Stomach, is craving for Food, and
incites us to a Longing after it. Thefe three
Parts, properly fpeaking, are but one continued
Organ, and have but one and the fame Objett.
If the Mouth creates in us an Averfion to any
particular Food, does not the Gullet recoil at the
Approach of it? And does-not the Stomach
immediately difcharge its difagreeable Contents ?
Hunger, Thirft, and Tafte are therefore three

Effeéts of the fame Organ. Hunger and Thirft

are the Motions of the Organ defirous of its
Obje&t. 'The Tafte is the Motion of the Or-
gan in the Enjoyment of this Objec : it being
a Point paft all Conteft, that the Soul, united
to the Organ, is the only real Subject of Senfa-
tion, This Unity of the Organ, in regard of
Hunger, Thirft, and Tafte, is the Caufe of
thefe three Effetts being almeoft ever in the fame

Proportion

5
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The Proportion in the fame Perfons. The more violent
T. AT 5 the Appetite for Food is, the greater is the Enjoy-
ment in Eating. The more the Tafte is gratified,
the more eafily the Organs defray the Expence of
this Gratification by Digeftion. Becaufe all thefe
different Degrees, which I fuppofe the Refult of
a found Habit, proceed from an Organ, that is
more healthy, more perfe¢t, and more robuft.
This Rule is general in regard of all the Senfa-
tions, and all the PafTions. Genuine Defire con-
ftitutes the Proportion of the Pleafure, and of
the Power ; becaufe the Power that gives Rife
to the Pleafure, is alfo the Meafure of it, juft as
the Pleafure is limited by the Defire of it. The more
voracious the Stomach is, the greater Pleafure arifes
from Eating, and proportionably ftronger is the
Appetite. Without this mutual Confent, founded
on the Mechanifm of the Organ, our Senfations
would deftroy that Being, for whofe Benefit they
are eftablithed. A Gormandizer with a weak
Stomach would die with Indigeftion ; while
another Perfon with a voracious Stomach, but
without Tafte or. Appetite, would, if it were
pofiible, perifh both by the Torment of his
Voracity, and for want of proper Suftenance ;
which this Want of Appetite and Tafte would
deny him the Power of receiving, or digefting.
In the mean while, how often is the digeftive
Power overcharged by the Appetite, efpecially
in Men ? becaule they do not follow the fimple

Motions of their Organs and Powers, as much
as
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as Brute Animals do: but, byindulging alively The
Imagination, which is ftill more fired by Ar- ,T,"‘.”f'.,
fices, confound the Harmony and Order, efta-

blithed in Nature by it’s Author. Iet them
therefore no longer condemn the Senfes, and
Paffions, to which they owe nothing but Grati-

tude ; but afcribe their Irregularities to an unbri-

dled Imagination, and an Impotence of Reafon,

that has not Force {ufficient to reftrain it.

The Tafte, in general, is the Motion of an Or-
gan, that enjoys its Object, and is intirely fenfi-
ble of its Goodnefs. It is for this Reafon, that
there fubfifts a Tafte in regard of all Senfation 4
Tafte for Mufick and Painting, as well as for
what we eat or drink 3 as the Organ of thefe Sen-
fations, if we may ufe the Expreffion, has a Re«
lith of thefe Objects.

Tho' the Tafte, ftrictly taken, is common
to the Mouth, Gullet, and Stomach, and there
is fuch a Sympathy between thefe three Organs,
that what is difagreeable to one, is generally re-
pugnant to all 3 and tho” they are in a Sort of
Combination to get rid of what is difguft=
ing 3 yet it muft be confeffed, that the Mouth
poffeffes this Senfation in a more eminent De-
gree, and is endued with a greater Delicacy
than the other two. A Bitter, that caufes fuch
an Antipathy in the Mouth, as to create a Nau-
{ea, will, in the Stomach, only prove a moderate
Stimulus, juft fufficient to awaken its Faculties.
It is very natural that the Mouth, which firit

C receives
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TT?:E receives the Aliments, and of courfe becomes

‘e~ the Tafter, as it were, in refpect of the other

two, fhould be endued with a difcerning Pro-

perty beyond them. It is the Part of a good

Clerk of the Kitchen to diftinguith himfelf by

an elegant Choice of Provifions, to prevent his
incurring the Difpleafure of his Superiors.

This delicate Senfe is evidently the moft ef-

fential of all the Senfes, after that of Feeling 3

and, indeed, more effential than the Touch,

were not the Tafte itfelf a Sort of a2 more refined

and fubtil Touch. So that the Obje& of the

Tafte 1s not a folid Body, as is that of the

Touch ; but they are Juices, or Moifture, with

which thefe Bodies are impregnated, or that are
extracted from them. |

The Me- Thefe Juices, or Moiftures, that make an

g::';ﬂ;?_”fln'lpreﬂi{m on the Organ of Tafte, are called

Savours. And fometimes this Appellation is

appropriated to their Impreflion itfelf. The ac-

tive Principles of Savours, or of favoury Bodies,

are Salts, as well fixed as volatile. Earths,

Phlegm, and Sulphurs are no Part of favoury

Compofitions, but ferve to eftablifh aVariety ; in

the fame manner as Shades, mixed with Light,

form different Images. But at the fame time

thefe Shades make no Impreffion on the Organ,

that being intirely the Effe&t of Light. Thus

Salts are the only Principle capable of affecting

the Organ of Tafte. Itisa Maxim univerfally

known, that Water, Qil, and Earth have not

the
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the leaft Tafte. Lymph then, of Water, is The

only the Véhicle of the Salts, diffolving andm
conveying them ; and their Mixture with Oil
and Earth only makes them vary their Impref-
fions a thoufand Ways. If to thefe Varieties be
added thofe, which refult from the Nature of
both fimple and compounded Salts, the Variety
of Savours will become an inexhauttible Source.
What a Variety of Images does Light produce
with Shade alone ! Again, what farther Variety
arifes from the blending of a few original Co-
lours, and from Shade! Ought we to be lefs
attentive to the Mixture of primitive Salts with
one another, and with Water, Earth, and Sul-
phur 2 '

Such ‘is the Nature of Savours in general :
now let us examine the Organ on which they act. Organ of

The nervous Papilla are here too the Organ Lo
of Senfation.  All that is new in it is, that their
Structure is a fmall matter different from that of
the Papille of the Skin, and that in Proportion
to the Difparity of their Objects. The Papille
of the Skin, which are the Organs of the Touch,
are fmall, and of a compa& fine Subftance.
They are covered with a Membrane fufficiently
{mooth, and of a clofe Texture. The Papille,
that form the Organ of the Tafte, are much
larger, more porous, and more open.  They
are moiftened by a great deal of Liymph, and
mvefted with a Skin, or inclofed in Sheaths,
very unequal, and at the fame time very porous.

C2 In
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The In Confequence of this Struture, the favoury
.T‘"_”_E*,Particles are detained amidft thefe Afperities 3
diluted and diflolved by a great Plenty of this
Lymph, abforbed by thefe Pores, and conveyed
by the Affiftance of this Lymph to the nervous
Papillee, where they make an Impreflion by
their fimulating Faculty,

Thefe Papill, the Organs of Tafte, are not
only very numerous on the Tongue, but are be-
fides fcattered here and there in the Mouth.
We difcover them, by Diffeétion, to be dif-
perfed on the Palate, the inner Jaw, at the Root
of the Mouth ; and by Obfervation we are con-
firmed in our Opinion concerning their Ufe.
Monfieur de Fuffien, in the Memoirs of the
Academy, relates the Story of a Girl born with-
out a Tongue, who was not for all that deprived
of Tafte.. A Surgeon of Saumur faw a Boy of
between eight and nine Years of Age, who in
the Small-pox had intirely loft his Tongue by a
Gangrene, fo that there remained not the leaft
Traces of one ; and yet, notwithftanding, he
had a very diftin¢t Tafte of whatever he put into
his Mouth, .

However, it muft be confefled, that the
Tongue is the principal Organ of this Senfation.
Its Subftance confifts of flethy Fibres, by means
of which it affumes different Forms. Thefe
Fibres are furrounded by, and interfperfed with
an oily Subftance, that renders the Compo-
fition more fupple.  Parc of thefe flethy Fibres

extend
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extend themfelves beyond the Tongue, and are The

faftened round about it, and form the exteriur,T”“‘,
Mufcles that determine its Motion every way.

This fibrous Body 1s inclofed in a Sort of Sheath,

or very ftrong Membrane.

A Nerve of the ninth Pair, after its Ramifi-
cation among the Fibres of the Tongue, is ter-
minated on its Surface. The Ramifications of
this Nerve, ftripped of their firft Coat, form
the Papille we have been difcourfing of.
Thefe Strippings ftrengthen the Covering of the
Tongue, and contribute alfo to Senfation. The
Papillee, divefted of their Coats, appear by their
Figure of three diftinét Claffes ; one of which
refembles a ftanding Mufthroom, another Len-
tils, and the third fhews itfelf in the Shape of
Pyramids. The two firft have a vifible Perfo-
ration in feveral Places, from whence oozes a
limpid, watry Matter. All this Apparatus is
fhrouded by a very porous Cuticle, that diftri-
butes Sheaths to the nervous Papille.

The various Motions the Subftance of the
Tongue is fufceptible of, promote the Secretion
of the Lymph which moiftens the Papille,
open the Pores that convey it to them, and de-
termine the {avoury Juices to enter them.

When the Salts, that are introduced into the Difference
Pores of the Organ of Tafte, are whole and intire, °/5*Vo""
and no ways foftened by any Mixture, they are
violently pungent, and in Confequence of that
Pungency, obtain the Name of Difagreeable ; in-

C 3 afmuch
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_The afmuch as this Violence fhocks the fenfitive
I2°TE Subftance. Of this kind are generally acrid,
acid,. falt Bodies, &F¢. when they are not mixed
with apy other. |

When the Salts are. fheathed by the oily or
{fulphurous Parts, fo that their Edge is intirely
blunted, and their Points even entangled in that
manner that they can but very lightly irritate
the nervous Papillee, then this light Irritation
produces. a {weet agrecable Taflte ; as it excites
in the fenfitive Fluid that voluptuous Emotion,
in which confifts the very Effence of Pleafure.
“Such; ordinarily, is the Effe¢t of Sugar, com-
poled of falt and fulphurcus Ingredients.

‘Thefe are the two oppofite Savours. Be-
tween thefe two Extremes, and even in each of
thefe Extremes, arife innumerable Varieties.

I have juft been afferting, that violent, acrid
Savours are generally difagreeable 3 and that the
Savours' which do but, if I may be allowed the
Expreffion, juft tickle the Organ, are for the
moft Part agreeable : I muft further add, that
the Pleafure, or Difagreeablenefs, refulting from
Savours requires them to exert a certain Degree
~of Violence or Tickling ; and that a particular
Difpofition in the Imagination; on which the |
Impreflions are made, muft likewife neceffarily |
concur to produce thofe Senfations, :

All fweet or light Savours are not agreeable,
nor all acrid difagreeable. : Some Sweets ‘are in-
fipid : .and there are acrid Subftances which

' are

o
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are actually a Gratification to fome peculiar Pa- _ The
lates, And every now and then we meet with """
one, in -whom the fineft of Sugar fhall caufe
Reachings. Imagination therefore bears a Part Imagina-
in the Senfe of Tafte, as weil as in all other Sen- tion bears
fations. As to my own Particular, how comes ;b];i;}e:;‘
it to pafs, that I had formerly fuch an Averfion Tafte,
to the Bitternefs of Coffee, which now affords
me no fmall Regale ? How came the firft Oyf-
ter that I fwallowed, to create in me as much
Naufea as a Medicine, and by degrees to be-
come one of my moft delicious Repafts ? In the
mean while, neither the Aétion of the Coffee,
nor that of Oyfters upon my Organs is inver-
ted 3 and the mechanical Difpofition of thefe
Organs 1s alfo pretty much the fame. All'the
Alteration therefore arifes from the Part the
Soul acts in the Affair, which does not form to
itfelf the fame Ideas on Occaflion of the fame
Impreflions. There is then no Idea effentially
annexed to fuch, or fuch Impreffions : at leaft
there is no one which it is not in the Power of
the Soul to alter. Hence fome peculiar Difhes
are fafthionable in particular Countries ; and
what is the Delight of one Nation is often the
Diflike of another. Hence it is, in fhort, that &
thro’ Cuftom we fometimes transform that
which at firft is difagreeable, into an Object of
Pleafure,

Cs4 of
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Of the SME L L.

¥ E have in a former Treatife, placed
Man in a State of Confcioufnefs
of his Exiftence: we have furni-
fhed him with the firft Means of
preferving his Being, by nourithing it : we
have placed him at Table with a Tafte and
Appetite : but what Affurance can he have,
that this Table that is ferved up to him,
is fpread with Aliments fuitable to his par.
ticular Condition ? He does not as yet enjoy
the leaft Glimmerings of Light : and, if he did,
his Eyes could not at all afcertain the Goodnefs
of his Food, nor even perhaps demonftrate it was
really Food, it being not their Province. Let
us then procure him the Enjoyment of fucculent
and delicious Odours, that exhale from the Meats
and Drinks that are prepared to regale him. Let
us endue him with Swell. Thefe odoriferous
Particles have no fooner touched this Organ,
than the Irritation immediately expands itfelf all
over the Organ of Tafte ; and this being putupon
the Scent, furnifhes in an Inftant every Machine
requifite for feizing the Prey.

I imagine therefore, that the Smell is not fo
much a particular Senfe, as a Part of, and Sup-
plement to, that of the Tafte, to which in a

- manner it ftands Centinel. In a word, the Smell

18
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is the ‘Tafte of Odours, and as it were the An- SE:::.
ticipation of favoury Bodies. The Membrane, tumyms
which lines the Nofe, and is the Organ of this
Senfation, is a Continuation of that which lines
the Throat, the Mouth, Gullet and Stomach :
and the Difference, in regard of the Senfations
of thefe Parts, is pretty nigh in Proportion ta
their Diftance from the Brain, That is to fay,
the Smell differs no more from the Tafte, than
the Tafte does from Hunger and Thirft. The
Mouth is endued with a finer Senfation than
either the Gullet or Stomach ; and the Nofe en~
joys one ftill more delicate than the Mouth, by
reafon it is nearer to the Source of Senfation.
And, again, all the Filaments of its Nerves, and
of their Papillee, are fine, hollow, and full of
Spirits. Whereas thofe that are diftant from this
Origin, acquire, thro’ the natural Tendency of
the Nerves, a greater Solidity, and become
thicker coated, their Papille degenerating into
a kind of Excrefcence : Now all the World
knows, that Excrefcences are not endued with
any great Degree of feeling.
- Nobody is ignorant that the Infide of the
Nofe is the Organ of the Smell ; but very few
have a juft Notion of the Mechanifm with
which this Infide is contrived in order to receive
this Senfation *,

Immediately after the Opening of the Nof-pecha

trils, which is fufficiently firait, the Infide ofnifmofthe

Organ of
the smelling.
® Confult the Figure annexed.
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The the Nofe forms two Cavities, which are ever
mfeparated by one Partition. ~ Thefe Cavities are
enlarged in Proportion to their Diftance from
their firft Entrance ; and they are again united
in one intire Cavity, that extends itfelf even to
the Bottom of the Throat, by which means
they have a Communication with the Mouith.
. All this Cavity is lined by the Pituitary Mem-
brane, fo ftiled by the Ancients, by reafon of
the Phlegm that is continually flowing thro’ it.
This Membrane is of a fpongy Nature, and has
on its Surface an exceeding foft and fhort Down.
The fpongy Texture is formed by Veflels and
INerves, that are interwoven with a great Num-
ber of Glands. The Down is compofed of the
Extremities of thefe Veflels, to wit, of the
{mall nervous Papille that conftitute the Organ
of Smelling, and of the Extremities of the Vef-
fels thro’ which flows the Phlegm, and the
Mucus of the Nofe. Thefe Liquids lubricate
the nervous Papille, and render them fit for
dlfcharwmw their Fun&ion ; and are farther af.
filted in thl:: Office by the Tears, which the
lachrymal Canal conveys along the Nofe.

The olfatory Nerve, the firft Pair of
Nerves that proceed from the Scull, is that
which {preads itfelf in the Pituitary Mem-
brane. Its Filaments are in great Number,
feem to be fofter, and are more vifible than in
any other Organ,

This
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This Structure of the Nerves, fubfervient to SI:’:L
the Smell, whofe Efficacy depends on the near o <)
Connexion they have with the Brain, renders
them ftill more fufceptible of receiving the Im-
preflion made by odoriferous Bodies.

The great Number of Filaments that eonfti-
tute the OlfaCtory Nerve, is what produces the
numercus Glands in the pituitary Membrane ;
thefe Glands being nothing elfe than the Extre-
mities of the Nerves expanded about the Pa-
pille.

Befides the Olfactory Nerve, there enters theStrong O-
Nofe a Branch of the Opthalmic, that is to i'ay,:lnﬂ:lz‘; %
of one of the Nerves of the Eye. It is theweep, and
Communication of this fmall Nerve with that of'i":“sgnf
the Smell, which is the Caufe that we thed Ligyht
Tears on Occafion of any ftrong Scents, and ™%
fnecze at the Rays of the Sun being direétly
darted on our Eyes : beeaufe this fmall Nerve,
in its Origin, is connefted with the Nerves dif-
tributed in the Organs of Refpiration. So that
on any quick Irritation, it excites in thefe Or-
gans thofe convulfive Motions, from whence
refults Sneezing,.

The downy Coat of the Pituitary Membrane
is intirely proper for imbibing the odoriferous
Fumes : but there is ftill another Contrivance
for fixing thefe Particles on their proper Organ.

The Infide of the Nofe is furnithed on each
hand with two Sorts of complicated Windings,
which advance very far in this Cavity, caufe a

1 Sort
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Sort of Obftrution in the Paffage of it, and
oblige by that means the odoriferous Vapours
to diffufe themfelves, and to ftop a limited
while within their Capacity.

This Structure determines thefe Vapours to
act a longer Time, in a ftronger Manner, and
on a larger Extent of the Pituitary Membrane ;
and, confequently, the Senfation refulting from
thence is rendered the more perfect. For this
Reafon, Dogs of the Hunting Kind, and other
Animals that are remarkably diftinguithed for
the PerfeCtion of their Smell, have thefe wind-
ing Cavities in their Nofes confiderably larger
than Mankind have, |

Thefe fame Windings, in ftopping a little
the Air refpired thro’ the Nofe, foften the Ri-
gour of it in Winter. And it is this good Of-

fice which they render the Lungs, that expofes

the Pituitary Membrane to the greateft Share of
thofe Obftru&ions called Rheums, and Deflux-
ions of the Head. In thefe Diforders, the
mere Swelling of this Membrane fhuts up the
Paffage of the Air; becaufe the Coats of the
Fibres being grown thicker, immediarely clofe,
Which is a Demonftration, that altho’ the Cavi-
ty of the Nofe be very confiderable, the Laby-
rinth, notwithftanding, that Nature has efta-
blithed in its Mechanifm, in order to the taft-
ing, if the Expreffion be allowable, of Odours,
leaves but a very {mall Portion of empty

Space.
The
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The odoriferous Fumes, which conftitute the The

Object of the Smell, are in refpect of a Fluid, J_if:,
what favoury Bodies are in regard of Liquids Mecha-

and Juices. A Salt is ever the Agent, or atgﬁg

leaft the Inftrument and Stimulus of the Senfa-

tion. All Salts without diftinction produce

Taftes ; but they muft be volatile, to affect the

Organ of the Smell. Aqueous, fulphurous,

&¢c. Vapours, diffolve, convey, modify the Im-

preflion of Salts, and concur to diverlify the

Scents, In aWord, all that I have delivered on

the Subject of Taftes, is exattly applicable to

the volatile Fluidity of odoriferous Bodies.

The prodigious Quantity of thefe volatile
Fluids, exhaling inceffantly from an odorifercus
Subftance, and that without any fenfible Dimi-
nution of its Weight, is a Proof, that Matter
may be divided in an aftonithing manner.

The general Vehicle of thefe fcented Cor- Vehicle of
pufcles is the Air. Thefe little Bodies are dif- Odoure:
fufed in the Atmofphere, and are there fuftain-
ed : either becaufe they form a fubtil Fluid, as
light as, or lighter than, Air ; in which of
courfe they muft remain in an Equilibrium, or
rife according to the Laws of Hydroftatics ; or
thefe Corpulcles, tho® heavier than Air, yet fly
upwards in this Fluid, by reafon of the great Ve-
locity with which they are cjeted from the
odoriferous Body, and by the Velocity of the
Air wfelf, which concurs to bear them aloft.

As a Horfe on full Speed, and the Wind to-
gether,
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The  gether, raife a Cloud of Duft much heavier than
SMEL- the Air in which it floats.

It is not fufficient that the Air be in a man-
ner 1mpregnated with- odoriferous Particles 5 it
is likewife neceffary that they be conveyed to
the Cavities of the Nofe, which is the narural
Confequence of Refpiration. This obliges the
Air to pafs and repafs inceflantly thro’ thefe Ca-
vities, in order to its Entrance into the Lungs,
or its Departure from thence. For this Reafon,
thofe that have the Paffage of their Nofe ob-
ftructed by a Catarrh, and fo are under a Necef-
fity of refpiring by the Mouth, are deprived at
the fame time of the Faculty of Smelling. Mon-
ficur De la Hire the younger once faw a Perfon
who prevented his being fenfible of any difa-
greeable Scents, by raifing up his Uvula, fo as to
cut off all Communication of the Nofe with the
Mouth ; whence he refpired for the future this
latter Way *, |

This fame Paflage of the Air thro’ the Cavi-
ties of the Nofe, ferves fometimes to cleanfe
them from Obftructions ; as when it is forced
violently from the Lungs, either in blowing the
Nofe, or by fneezing.

Effe@s of 1 here is not only a Gratification, or elfe a
Odours.  Difagreeablenefs in Odours, as there is in
Taftes ; but they likewife fupport the languid
Powers, by ftimulating the Nerves, and recrui-

ting them with a frefh Supply of Spirits.  They
fometimes

® Obferv, Phyfig. Tom. II. Pag. 103.
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fometimes alfo difconcert the fame Nerves, put The
them into *Cnnvulﬁﬂns, and produce .Vapuurs,,smu‘,
and Swoonings, when they make a difpleafing
Impreflion. The Imagination, as to this Point, rmagina-
is not ftripped one Jot of the Rights we havetion bears
eftablithed in it, over all the Senfes. Whence g
is it, that Mufk, fo favourite a Perfume for-
merly, fhould at this time o’ Day be a general
Source of vapourifh Diforders in the fair Sex,
and even fome few of the Men: whereas To-
bacco, of an ammoniacal and venomous Fla-
vour, conveys one of the moft delicate, the
moft delightful Smells in Nature ? Is it becaufe
there is an Alteration in the Organs ? No! Itis
Habit, Prejudice, Imagination.

‘Mankind, ordinarily {peaking, have not thE'Singu[ar
Senfe of Smelling to that Perfection which Brute Pertection
Creatures have, the Reafon for which Difference gfn:g? fies
we have accounted for. The Rule notwithftand- Caufes.
ing 1s not abfolutely general. There are Ne-
graes in the Antilles Ilands, who like Dogs fol-
low their Mafters by the Print of their Feet, and
diftinguifh by their Nofe the Track of 2 Negroc
from that of a Frenchman *

If any Credit may be given to Sir Keneln Strange
Dighy, a Boy, whom his Parents had brought Rf-'latmu
up in a Foreft, (whither they had fied to avoid Kmfm
the Calamities of War) and who had lived on Digéy.
nothing but Roots, had a Smell fo delicate,

that

* Obferv. Phyfiq. Tom. II. Pag. 103,
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The that by this Senfe he perceived the Approach of
" _EIL_L',-I:h: Enemy, and apprized his Parents of their
coming. He was in the mean while made
Prifoner ; and, having altered his Method of
living, in length of Time he loft much of that
furprizing Delicacy of Smell. However, he
was not intirely deprived of this fingular Faculty,
For being married, he could very eafily by fmell=
ing diftinguifh his own Wife from another
Woman, and even find her out by the Print of
her Foot, as a Dog does his Mafter., A Huf-
band of this kind would in Itely make an Argus
ftill more  terrible than the famous one in the
Fable.

It feems then, that the Perfeétion of the
Smell, in Brute Animals, not only depends on
the Organ, but likewife on the manner of living,
and on the Privation of thofe ftrong Qdours,
with which Mankind are conftantly furrounded,
and to which their Organs are fo much accuf-
tomed, that Scents fo weak and fo fubtile, as
thofe we have been fpeaking of, cannot make

the leaft Impreflion on them.
Monk of The Monk of Praguze, mentioned in the
Prague.  Feurnal of the Learned of the Year 1684, is
ftill a2 more extraordinary Cafe, than the prece-
ding. He not only knew different Perfons by
‘the Smell ; but, what is much more fingular,
could, we are told, diftinguith a chafté Woman,
married or unmarried, from one that was not
fo.
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Of the HEARING.

UR Perfeftions increafe infenfibly,

In the firft Place we were affured by

the Touch of the Solidity of Bodies,

and their principal Properties in re-
gard of us. Then we difcovered the very Mo-
tion of the Juices and Liquids, with which fome
of thefe Bodies are impregnated, and even the
Fumes that exhale from their Subftances. In
fhort, we have been made {enfible both of the
groffer and the more fubtile Parts of moft Bo-
dies, that are within our Reach and Contact.
This limited Commerce might abfolutely be fuf-
ficient for usj; and, in effet, is fufficient for a
few, that are faid to be ill-treated by Nature ;
becaufe her Liberality has been more beneficent
to us, and extended our Communication with
other Beings far beyond thofe that furround us,
by the Hearing, and even far beyond the World
we live in, by the Sight.

This Communication is ever eftablithed by
the Matter that affets an Organ : but, in Pro-
portion as this Matter advances, it becomes
more and more fubtile, 1s more and more ex-
panded at a Diftance, and more and more capa-
ble of bringing us Tidings from a-far, that are
altogether foreign to our Atmofphere.

We
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We are now on the Point of tranfcending the _The
Bounds of this Atmofphere. For the Objeét of, ﬂ"mg,
Hearing is Noife in general. Now Noife con-
fifts in a quick Vibration of the Air, commu-
nicated to the very Organ of this Senfation;
and this Communication, it is very well known,
1s fet on Foort at a great Diftance.

The Noife, which renders the Vibrations of
the Air fuller, more regular, and, confequently,
more pleafing to the Ear, is called Sound.

The Vibrations of Sound, in producing an
agreeable Surprize, have excited Men’s Curiofity
and Induftry, to form them into an Art adapted
to pleafe and move them, by the Senfe of
Hearing. All the Senfes have been equally;pro-
ductive of Arts to gratify, or perfet, or to
guard themfelves from bad Impreflions. What
Arts has not the Senfe of Feeling produced ?
Thefe Garbs, magnificent Houfes, gilded Cha-
riots, are all the Effeét of Delicacy. If the
Ear has its Lu/l’s, the Mouth is not without
its Martialot’s, nor the Eye its Galileo’s, &c.
All of them waluable in their Way, becaufe
they have applied themfelves to the Improve-
ment of Human Nature. Let us now examine,
as Philofophers, fome of the Principles of fim-
ple Sound, and of Sound reduced to an Art,

Dig The
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The

Hearing. ¢
L__y_E_, The MECHANISM of SoUNDS.

OUND 1s, in the fonorous Body that pro-
duces it, the fame it is in the Air itfelf that
conveys 1t to the Ear; wiz. the fhaking of a
Body, put into Motion by the Impulfe of fome
other. Such is a Bell ftruck by its Clapper ; a
Violin fhook by its Strings, which the Bow fets
a trembling ; a Flute agitated by the Impulfe
of the Air againft its Embouchiire.
The Air It is 2 Miftake to imagine that the Air, put
E’;‘ES P into Motion by fonorous Bodies, is this grofs
Scund is and palpable Air, which we fan with our Hat,
oo a; and blow the Fire with. The Sound of the
/argeft Bell does not communicate the leaft Mo-
tion to the Flame of a Candle: whereas the
leaft Breath of Wind, that is to fay, the fmalleft
Motion of grofs Air, gives it a Tremor, and
extinguifhes it.
The Air therefore, that produces Sound, as
it 15 proportioned to the Organ of Hearing, is
much more fubtile than common Air.

Motion of 1 he Motion of a fonorous Body is com-

gg;z“i-mpnundcd of two others, namely, of the trem-

Sounds. bling of all the fmall Parts that compofe this
Body, and the vibrating Motion refulting from
the whole.

In Confequerce of the firlt Motion, or Trem-
bling, the Particles of the Body approach to,
and retire alternatively from, one another with

e
A

a
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a prodigious Velocity ; whence their refpedtive The
Hearing.

Situation and the Figure of their Pores change, !

without ceafing.

In the Vibration of the whole Body, there
falls out amongft the Surfaces of the Body, what
we have been juft obferving to happen amongft
the Particles concerned in the Trembling : For
Inflance, a Bell, when it founds, from being
round, becomes oval ; and fo, vice ver/id, Milli-
ons of Times in a Moment, A String likewife,
tho’ ftrait, and extended upon the Bridge, from
it’s natural Straitnefs is curved here and there
an Infinity of Times, in a very little Space.

Both the one and the other Motion produce Principles
Sound ; and the Duration of the Vibrations, 35:: d Tq‘:i"'s
well of the intire Body, as of its Parts, deter-cords.
mines the Species of Sound, flat, or tharp. For
Example, a long String, or a {mall flack one,
or one formed of Matter very little elaftic, gives
a flat Tone ; becaufe the Vibrations of a
String of that Kind are flow, grand, and at a
Diftance from one another. On the contrary, a
String wound up high, or made of Matter en-
dued with great Elafticity, produces a fharp
Sound, by reafon its Vibrations are fhort, quick,
and clofe. Suppofing therefore two Strings of
the fame Matter, of the fame Size, and equally
extended, and one of which is the Moiety of
the other, that which is but the Moiety, will
found the O&ave of the other; becaufe its Vi-
brations are as fhort again, and equivalent tq

P 3 thofe
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3 Tfi'; thofe of the other.” Thefe O&aves are attended
SN withi-aiy harmonious Effe&, as, from the double
Vibrations, made by the fmall String, one of
them is ever falling in with the Vibrations of the
larger 5 whereby they concur to render the fo-
norous Vibrations more compleat, put a greater
Quantity of Air in Motion, and are confequently
more agrecable. This is the Principle of all
mufical Harmony, and particularly the Mecha-
nifin of playing on the Violin, and of all Inftru-
ments whofe Tones are produced by the fhort-
ning of the Str'ings, in Confequence of the Dif-
pofition of the Fingers, The more Vibrations
there are that concur, the move perfe is the
Harmony. On which account the Unifon
is the firt and compleateft of all this
Clafs of Sounds, or rather, is of itfelf true and
perfet Mufick : becaufe, in this State of the
Strings, all their Vibrations are in Concord, and
always ftrike the Air together. Difcordant Tones
are thofe,where thereare no concurring Vibrations,
In Confequence of this Equality and Regula-
rity of Vibrations in the Unifon, when the String
of an Inftrument is touched over againft ano-
ther that has a String wound up in the fame
manner, this latter String is agitated by the Sound
of the former ; becaufe this String, being in the
fame State, and difpofed for the Unifon, falls in
with the Vibrations of the Air, whofe Returns are
conformable to the Length and Tightnefs of it,
and, in fhort, to the Vibrations that refule from
I it :

e
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it : whereas the Motion of the other Strings, The

whofe Vibrations are difcordant, is foon inter«m
rupted, and fupprefled by thofe very Vibrations
of the Air, that are inftantly nraking their Ef-
forts to excite Vibrations in it. To have a clear
Conception of this Confonance, and of its De-
fect, fufpend a Ball on a Thread, and poize this
Ball in the Air, giving it a Pufh with your
Finger. If you have a Mind to carry on the
Vibrations of this Ball, you muft accommodate
yourfelf to it, and be careful to pufh it at the
End of every Vibration, when it is on the Point
of beginning another. Thus may you con-
tinue thefe Vibrations as long as you pleafe, and
be in the Cafe of the String in the State of Uni.
fon with another. But fhould you, in Contra-
di¢tion to the Vibrations of your Ball, go ab-,
ruptly to touch it in the Middle of its Career,
you will ftop the Ball. And this is what the
Air does, that is fhook by a String, in regard
of the other Strings with which it bears no man-
ner of Confonance, in Oppofition to all Unifon,
This 1s the Principle of the Difference of
Tones, and harmonious Accords. As to the
Force of Sound, this depends on the Quantity
of Air, put in Motion by the fonorous Body ;
and this Quantity depends either on the Force
of the Vibrations of the fonorous Body, or on
its Extent. A Perfon in the fame Key, and of
the fame Bulk of Voice, will footh the Ear by
moderating the Impulfe of the Air in his Or-
| P4 gan,
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The  oan, and be able at the fame Time to ftun one

Hearing. - ¥ ; : _
n...-,ﬂ.%-.ab? exciting more violent Vibrations, But

fhould he multiply thefe Vibrations by a vaftly
high raifed Voice, or by an Inftrument that
puts a great deal of Air in Motion at once. his
Voice will then produce a Noife, that will' al-
moft be infupportable, and carried to a great
Diftance. - Thefe Principles are very applicable
to the Trumpet, French-Horn, and to other
loud-founding Inftruments ; becaufe they agitate
a large Quantity of Air, and agitate it violently,
by reafon of the great Elafticity of the Matter of
which they are compofed..

This T have been difcourfing of has been long
known to the World : But our Moderns have
enriched the Subject with freth Difcoveries, and
mtirely new Hypothefes.

On touching two Strings of a Violin at once,
that are tuned to a Fifth, one may perfeétly
hear the Sound of both. In the mean Time,
one of thefe Sounds confifts in a double Vibra-
tion of the Air, and the other in a triple. But
the fame Mafs of Air cannot produce at one
and the fame Time three Vibrations of one Part;
and two of the other, and thofe diftin® from
one another. If you throw two Stones at once
into a Lake, hard by each other, the Undula-
tions they will form in the Water, will either be
confounded in one alone, or be mutually de-
ftroyed.  For the fame Liquid is not fufceptible
of two or more different Vibrations at once.

The
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The contrary is, however, the Cafe, in the Fluid The
that produces Sound, which receives at once the Hearing)
Impreffion, not only of two, but of all the
different Tones of Mufick, and conveys them
diftinétly to the Ear. It is neceffary then thatspecies of
the Air, which generates Sound, be compofed dAir.Pm'
: : ; uctive of
of feveral Species of Fluid, more or lefs {ubtile, Topes,
each of them endued with a Property of pru—fﬁ‘;‘ﬁaﬁfl
ducing the Vibrations, or the different T'ones, cﬂlwgﬁ,
of Ut, Re, Mi, &'c. much after the Manner as
Light is formed of feveral Kinds of Rays adap-
ted to the Produéion of Red, Yellow, Green,
Blue, &5¢.
Suppofing this to be Fa&, oné may ealily con-
ceive, that each Tone will affect its own peculiar
Fluid, or that whofe particular Vibrations con-
fticute this Tone 5 by which means the Ear is
capable of receiving at once all the Impreffions
of each of thefe’ Fluids, and of every one of
thefe Tones, as the Eye receives at once the.
Impulfe of feveral Colours.
On<touching only one String of an Inftru-
ment, the ‘Generality of Mankind are fenfible.
but of a fingle Tone : whereas thofe that are
verfed in, and accuftomed to, Mufick, diftin-
guifh, befides this fundamen:al Tone, the Oc-
tave, the Fifth, and the Tierce, abforbed in
the principal Tone. From hence chiefly refults
all Harmony,
Now by the Principle of fhortening the
String, which we have been fpeaking of, the
Octave
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O&tave is the Moiety of the Fundamental Sound,
or the Product of half of the String ; the Fifth
is the Produ@ of two thirds of the fame
String 5 and the Tierce the Produ& of four
fifths of i, _

It is Matter of Fa&, fay the Journalifts of
Treveux, that the Parts of an extended String,
are g¢xtended unequally from each End to the
Middle.  The Trembling alone of the String
makes a natural Divifion of it: for which Rea-
fon one may imagine, that the middle Part of it,
being lefs extended, produces the total Sound ;
and that the other Portions will make a Tierce,
a Fifth, and an O¢tave, as they approach the
Ends of the String, according to the Order I
have been recounting.

It would be better, in my Opinion, to apply
here the Species of aerial Fluids proper to each
Tone ; and, by purfuing the Comparifon of
Tones with Light, to fay, that the intire String
agitates at once every Kind of Fluid 5 and that
this Combination of Vibrations produces the
fundamental Sound, as, in regard of Light,
White, compounded of all Sorts of Rays, efta
blithes the fundamental Colour 3 and that we
in general do not at all diftinguifth in this fun-
damental Sound the other Tones that compofe
1t, any more than we perceive the various Kinds
of Rays in White ; but that the Ear of an excel-
lent Mufician is a Sort of Prifm, that feparates
or diftinguifhes the Tones thus confufed,

T his
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This Perfection of the Ear, fuperior to that The

of the Eyes, will be no ways aftonithing to Hmmg'
thofe who have ever remarked, that this Senfe
is more compleat in its Kind, than Vifion is,
For, without going any farther, the Hearing ab-
folutely diftinguifhes all the Gradations of Sounds,
determines them, reduces them to Calculation,
and aftually forms them into an Art. The
Eyes cannot boaft fo much in refpeét of Light.
They perceive in the Lump, that a luminous
Body, a Colour, is more or lefs clear, or more
or lefs deep, than another ; and that is all.  But
the Quantity of this more or lefs they never
will be able to determine.

I fhall now mention another Singularity of
Sound rendered by Strings.

We have feen that the Moiety of an intire New flu-
String founds an O&ave ; and that likewife, onedSounds.
applying the Finger to the Middle of a String,
this Octave will be produced in any Part of it
touched by the Bow.

If, inftead of refting the Finger firmly on the
String, and the Neck of the Inftrument, one
-touches the former but lightly, either with the
Finger, or only with a Quieter, the Octave
will be the fame, as by applying the Finger
hard, and even a more agreeable one: becaufe
both Parts of the String contribute to it at once,
and the intire String touched never fo gently, or if
one ceafes from Time to Time to touch it at all,
mixes with it a little of the fundamental Sound. !

A
Confe-
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The Confequently, it is juft as if one touched three
‘Hem"g ,Strings at a Time, in a State of Unifon, which

cannot fail of producing an harmonious Tone.
The Reafon of this Singularity in Mufick, is,
becaufe the fimple Touch of the Quieter makes
a Sort of Divifion of the String into two equal
Parts. It is.a fmall moveable Bridge, that fe-
parates the Vibrations of each Portion of the
String, without interrupting in the mean while
the Communication of thefe Vibrations. The
String trembles under the Quieter ; but the
Vibrations of the intire String are thereby
thortened, or, if you will, the firft Clafs of am-
ple and compleat Vibrations, which form the
fundamental Sound, are fupprefled, the String
being only affected by the fubaltern Vibrations of
the Octave, What I here advance is in Suppo-
fition, that the Vibration of the fundamental
Sound includes all the other Vibrations, which
1s really Faét. For when the Quieter touches
the Middle of a String, you may make a double
Od&ave found on this String, without removing
the Quieter from'its Place.  In order to this, firft
{crape ftrongly with your Bow, and you will give
the String its fundamental Tone : becaufe then
the Force of the ample Vibrations, which form
this Tone, furpafles the Touch of the Quieter,
and renders it ineffeCtual. Secondly, puth the
Bow with lefs Violence, and you will found an
Octave, as we have intimated : becaufe in that

Cale the Quieter fuppreffes one of the Clafles of
the
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the Vibrations ; or becaufe the Vibrations, being The
too feeble, lofe againft this Quieter one of their H“"'“"“g'l
Claffes, or a Moiety of their Quantity. The
different Degrees of this Quantity, contained in
the Vibration of a flat Tone, would they not be
the firft Caufe of that Harmony, which Mufi-
cians diftinguifh in the fole fundamental Tone ?
The Juftnefs of this Explication appears con-
firmed by this other Experiment.

- If you place your Finger to a Tierce of the
String, and there reft it firm, it is evident you
will found a Fifth. But, if you there apply the
Quieter, you will found a Twelfth, or the Oc-
tave of a IFifth., Now if you reft your Finger
afreth on this Place, and pafs the Bow upon
this Tierce of the String towards the Neck of the
Violin, you will produce the fame Sound, the
fame Twelfth, as refulted from the Quieter,
when you paffed the Bow upon the two other
Tierces of the String, 1t is therefore the Sound
of this Tierce of the String which you hear,
when the Bow pafics upon the two other Tierces.
The Vibration of the Bow then paffes from the
two Tierces, which it touches, to the Tierce
which 1s beyond the Quicter. This Quieter
therefore docs not at all intercept the Vibrations
of the String : 1t makes only a Sort of Divifion,
or Subdivifion, on each Part of it.  But what is
the Realon that the Bow, which pafles over
two Tierces of the String, does not rather caufe
the Sound of this long Portion to affect the

Bar
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H;E:i 3 Ear, than that of the Tierce, over which it
ey mes PAfles not at all? It is abfnlutely becaufe this
Tierce is fhorter, that the Ear is rather affected
by its Vibrations. ~Thefe being thorter producea
fharper Tone., Now a fharp Tone is ever pre-
dominant over a Flat, and drowns it intirely.
The more you move the Quieter, either to-
wards the Neck, or towards the Bridge, the
fharper is the Tone ; becaufe it is ever the Tone
of the fhort Portion of the String that ftrikes our

Ears.
Thefe Sounds are termed Fluted Sounds.

Monfieur Mondonville calls them harmonious
Sounds ; and was the firft who had the Cou-
rage to introduce them into grand Pieces, and
the Addrefs to make their Execution agreeable
to the public Tafte, We name thefe Sounds
Fluted, becaufe they have the foft and melodious
‘Tone of the Flute. But they merit likewife this
Appellation, inafmuch as they transfer to the
Violin the Mechanifm of the Flute ; on which,
it is well known, the fame Hole is produ&ive
of feveral O&aves.

How quick foever the Vibrations of the Air
are, that is put in Motion by the Body which
produces Sound or Noife, they flill take up a
certain Time to communicate themfelves, one
after another, to the Air that is at a Diftance
from the Body which excites them. The Rea-
{on of this Delay is, becaufe the Air, being elaf-
tic and porous, that which furrounds the fono-

rous
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norus Body gives way to the Preflure of this _The
" Hearing,
Body, and catches, if I may fo exprefs myfelf, « e~
in its Pores the Enlargement of it. This Ait
dilates itfelf afterwards in its Turn a little beyond
its natural State, agreeably to the Difpofition of
all elaftic Bodies. By this Means it communi-
cates the Preflure it had juft received to the Co-
lumn of Air at a Diftance : which Column of
Air being confined, and afterwards enlarged in
its Turn, a&s in like manner, in regard of the
{ubfequent- Column, and fo on fucceffively.
But this Succeffion of Preffure and Enlargement,
from Column to Column, demands a certaid
Time.

One is convinced of this Truth on feeing a
Gun difcharged on a remote Plain. The Re-
port of it does not reach the Ear, until a long
Time after the Eyes have difcerned the
Flath. But it has been determined by exact
Experiments, how much Time, Sound, or
Noife, takes up in communicating itfelf fuccef-
fively, or what Way it makes in a given Time :
and by the laft of thefe Experiments, made by
the Gentlemen of the Academy of Sciences, at
the fartheft Diftances, it has been found *,

Firft, that the Report of a Cannon is propa-
gated three Hundred and forty fix Yards in a
Second, and of courfe twenty Thoufand feven
Hundred and fixty Yards in a Minute, A

League

® Mercure de Juin 1738,  Extrait d'un Mimoire fir la
Propagation du Son, par Mr.de Caflini de Thury.



The League being four Thoufand five Hundred and
H‘”mg',Sixty four Yards, the Sound is conveyed every
' Minute four Leagues and a half, and two Hun-

dred and thirty Yards. Confequently, it tra-
vels in an Hour two Hundred and feventy
three Leagues, and one Hundred and eight

Yards,
Secondly, that Sound is tranfmitted with the

fame Velocity, when it traverfes a great Space,
as when it runs over a fmaller, without any
Diminution.

Thirdly, that Sound is tranfmitted with the
fame Velocity in the Day-time as in the Night,

Fourthly, that there is likewife the fame
Velocity in rainy Weather, as when the Sky is
ferene.

Fifthly, that the Swiftnefs of Sound is equal,
both when the Noife that produces it is great,
and when it is f{mall ; when the Mouth of a Can-
non, for Example, is directed towards the Place,
from whence the Report is made, and when
it 1s pointed in a contrary Diretion.

Sixthly, that the Velocity of Sound increafes
when the Wind fets fair for it, and diminifhes
when it is contrary, in Proportion to the Force
of the Wind.

When the Vibrations of the Air, that pro-
duce Sound, ftrike 2 Body of a certain Exten-
fion, they are reflected from under that Body to
a particular Point, by prefgrving their Modula-
tion wn {uch a Manner, that the fame Vibrations

are
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are there repeated, tho’ more languidly. This Hif;
Repetition, or Reflexion of Seund, is called an L..-V-...gb
Ecbhe.

Several Echoes will refult from a Places Reflexion
when there are feveral Bodies at different Dif-of Sound,
tances, that refle€t the Sound towards the fame Eiﬁ;d 2
Spot. The Reflexion of Sound, is governed al-
moft by the fame Laws, as the Reflexion of
Light, which we fhall fpeak of in its Place.

There is no Neceflity for the reflefting Body
being concave. A fingle Wall will produce an
Echo : and I myfelf have known them rendered
by convex Bodies, as well as by thofe of great

Turnings and Windings.

The Organ and Mechani{m of HEARING,

N vain does the Air, agitated by fonorous

Bodies, give us Shoeks from all Quarters, if
we are not furnifhed with particular Organs to
receive its Impreflion. The Wiad is felt by the
Touch ; but the Portion of Air that produces
Sound, 1s of too fubtile a Nature to affet this
grofs Senfe, on which it makes not the leaft
Impreflion.

The Ear is tht Organ appropriated to this
Senfation. I obferved above, on the exterior
Part of it, a Sort of Tunnel, like the broad End
of a Trumpet, very well adapted to the colleét-
ing a great Quantity of Air. This Tunnel is
much larger in certain Animals, as in the Afs

E and
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The the Hare, It is accommodated withi Mufcles
Hearing. ! : .
v~ that fhut and open it on hearing, on which
account thefe Animals have this Senfe to a great
Perfeftion. Man has alfo auricular Mufcles;
but they are of little Ufe for Want of Habit.
There are thofe notwithftanding, who have the
Motion of thefe Mufcles no lefs than Animals 5

fuch, for Inftance, was the celebrated Monfieur

Mery *,
The This exterior Tunnel is attended by a Canal
Mem-  ending in a Membrane, that is a it were the firft

Tympani. Entry to the auditory Sinus’s. This Membrane
is ftretched like the Head of a Drum, from
whence it has obtained its Name. Its Centre
finks a little towards the firft Sinus that is be-

TheTym. hind, and which is called the Tympanum, or

panum, or Drum of the Ear. In this Sinus are a Sort of

ﬂ;“g‘ar_ "fSprings or little Pullies, which terminate at one
End in the Center of this Membrane, and at
the other in the Entrance into the fecond Sinus,
and are put in Action by Mufcles. This Mem-
brane and its Springs appear to have, in refpeét
of the Hearing, the fame Ufe, as the Pupil
feems to have in Regard of the Eye. The Pu-
pil 1s contracted or dilated in order to receive an
Image in the greateft Perfection, and without
the leaft Injury to the Organ. The Membrane
of the Tympanum is extended or relaxed like-

wifle

® A famous Surgeon of the Hotel-Dieu at Paris, and a
Member of the Royal Academy of Sciences.
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wife, to tranfmic to the Hearing the moft per- The
fect Vibrations, and fuch as are proportioned to | c2""g-
this Organ. When the Ear is affaulted by the
Impulfe of too violent a Sound, this Membrane,
whofe Center is funk towards its Sinus, is puthed
outwardly by the Spring which terminates in its
Center. By this Mechanifm this Membrane is
relaxed ; which Relaxation diminithes {o much
of the Impetuofity of the Sound, as might be
capable of hurting the Organ. At the fame
Time, and in Confequence of the fame Motion,
the Spring oppofite to this, elofes the Entrance
of the fecond Sinus, and weakens alfo by that
mcans the Impulfe of the Air in this fecond
Sinus.

On the contrary, when the Sound is too fee-
ble, the firft Spring draws the Membrane of the
Tympanum inwards, and renders it more exs
tended, and more fufceptible of Agitation 4
the other opens the fecond Sinus, and facilitates
the Aétion of the Undulations ot the inner Air.

In Sounds, that dre a Medium between the
two preceding Extremes, the Membrane of the
Tympanum likewife preferves a middle Ten-
fion 3 by which Condut it is proportioned to
thefe Sounds, and as it were i a State of Uni-
fon with the Vibrations of the Air. Hence the
trembling of this Membrane communicates the
Sound to the inner Part of the Crgan, in a man-
ner more compleat and perfect. As the Pupil,

E 2 in
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in a juft Degree of Dilaration, tranfmits to the
Retina a clear and diftin® Image. 1

The firft Spring deftined to extend and relax
the Membrane of the Tympanum, is compofed of
the little Bones called the Malleus and Incus *, or
the Hammer and Anvil : the fecond is formed'
of the fame Incus and the Stapes, or Stirrup,
joined together by the Os Orbiculare ; and the
Bafis of the Stapes makes the Entry to the fe-
cond Sinus. It is poffible, that the Juftnefs of
the Ear in Mufick depends partly on the Regu-
larity of the Motion of the Mufcles of thefe little
Bones, in order to difpofe exaétly and readily
the Membrane of the Tympanum to a Unifon
of the Tones it receives. - One fometimes dif-

covers in this Membrane a little Chink detected
firft by Rivinus.

Mitakeof We read in the third Tome Df O&ﬁ?’ﬂﬁﬁﬂ?fi de

fome Ana-

tomilts
concern-

ing Apes.

Phyfique, p. 278, that, as Anatomifts remark,
Apes have not in the Ear the three fmall Bones
we are [peaking of, But I can affure the Public,
that this is a Miftake. 1 have diffected a Sapajon
Ape, and atually met with the Bones in Quef-
tion. It is true, iudeed, that they were in a
manner hid, and funk down towards the Sinus
of the maftoid Apophyfis; which is, perhaps,
what has deceived thofe Anatomifts,
Neverthelefs, I do not at all affert, that the
Membrane of the Tympanum, and thofe Bones

arc

*® Confult the Figures.
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are abfolutely neceffary for hearing, but for the The
Juftnefs and Perfetion of it. This Membrane Prspiags
is alfo fubfervient to the preferving the Infide of

the Ear from the Injuries of the Air, and exte-

riour Bodies. The Neceffity of thefe Organs is
evinced from Experiences On breaking the
Membrane of the Tympanum of a Couple of

Dogs *, thofe Animals heard well in Appear-

ance, but became deaf a little while after.

Thefe little Bones of the Ear acquire no man-
ner of Accretion, being of equal Size in Infants
as in Adules 3 becaufe, perhaps, they are ex-
tremely hard, and detached from all others, and
the Membrane that invefts them is {o thin, that
one of the greateft Anatomifts of the Age ima-
gined they had no Membrane at all.

The firfk Cavity of the Ear contains, Shsi A
befides thefe Machines, a fubtile Air, whichofiheEar.
it receives from the Bottom of the Throat,
by a Canal, called ZEnfachius’s Tube *,
the broad Pait of which opens itfelf to-
wards the Place of the Communication of the
Nofe with the Mauth. It is by this Paffage of g1ou fome
the Air, and the Perfaration obferved by Rivinus Smoakers
in the Membrane of the Tympanum, that fome ;“;:n‘:e:h“uf
particular Smoakers, by ftopping their Nofetheir To-
clofe, and fhutting their Mouth, difcharge th@i’]f‘:;;‘;;:::"
Fumes of their Tobacco by the Ear. This in- ™
| E 3 ward

* Obferv. Phyfiq. Tom. II. p. 2c0.
+ A great Anatomift, from whom th's Canal derived it

Name,
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“The ward Air, introduced by Euftachius’s Tube, fup-
m orts the Membrane of the Tympanum ; and is
what, being agitated by the external Air, com-
municates its Vibrations to the 1mm:d1at:: Qrgaq
of hearing.

This immediate Organ, is contained in two
other Apartments, each of them furnifhed with
an Entry to the Drum, or firft Cavity. This
Cavity 1s, as it were, the Antichamber to thofe
Apartments, which have befides between them
another Entry of Communication. Thefe Entries
are likewife provided with Membranes. Nothing
is fo adapted to the putting all the Air in Mo-
tion, that is contained in thefe Sinus’s, as the
Membranes extended at the Entrance into them.
The Drum and Kettle-Dram are Inftances of
this. '

One of thefe Apartments is termed the Laby-
vinth, the other the Cochlea, or Snail.

The Labyrinth confifts of a Veftibulum, from
whence iffue three femi-circular Canals, which
form a little more than a half Circle, and then
return to the fame Veftibulum, The three Ca-
nals are particularly ftiled the Labyrinth. I con-
ceive that the Air, being puthed along the
Veftibulum, and the Orifices of thefe Canals,
the Vibrations of it that have infinuated them-
felves into each of thofe Orifices, muft of courfe
meet one another in the middle of each Canal,
and there produce a Collifion intirely accommo-
dated to the exciting a Trembling, or Vibration

in
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in thofe Canals, and the nervous Membrane that The
lines them : From this Impreffion refults the J""8.

Senfation of Hearing,
~ As this Labyrinth is fimple and uniform, I
conclude it is the general Organ of hearing, that The par-
is to fay, the Organ that is agitated mdxﬁ‘ercm!y "““]“0"
by all Sorts of Sounds or Noifes ; or, if you Harmun;,r
will, it is the general Organ of Noife. But the
Cochlea feems to me to have a Conftruétion and
Ufe more refined. Its Figure refembles in Re-
ality the Shell of a Snail. Its Infide is compo-
fed of two Windings, or of two Sorts of Spiral
Canals, and [{eparated from one another by a
thin and nervous Membrane, fupported by the
jutting out of bony Lamine.

The Artifice of this Conftrution is of the
moft perfe&t Mechanifm. The effential Pro-
perty of an Organ of Senfation, is to be pro-
portioned to its Object, and, in refpect of the
Organ of hearing, to be capable of being in
Unifon with the different Vibrations of the Air.
Thefe Vibrations infinitely differ, and have a
Progreffion fufceptible of Degrees infinitely
{mall, It is neceffary therefore that the Organ,
formed to be in Unifon with all thefe Vibrations,
and to receive their Impreflion diftintly, fhould
confift of Parts whofe Elafticity is correfpon-
dent with this fame Progreffion, this fame in-
fenfible and infinitely {fmall Gradation : Now
the Spiral is in Mechanics the fole Machine pro-
duétive of this infenfible Gradation,

E 4 It
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Heavg, & i evident, that the fpiral Lamina of the
s Cochlea is intirely formed to be fet a trembling
by the Impulfe of the interiour Air that fur-
rounds it. It is manifelt likewife, that the La-
mina making, at the Bafis of the Spiral, a
greater Compafs, has of courfe longer Vibra-
tions, and that it has very fhort ones on its Top
for a contrary Reafon. Ply a Piece of Wire in
the Cochlea, and you will find to what a Degree
the great Windings will be put into Motion,
and how ftiff, on the contrary, will remain the
{mall ones on the Top, orinthe Center. Now
from the Beginning of the Bafis of the Spiral,
where the Lamina is moft fupple, to the Ex-
tremity of its Summit, where fubfifts its laft De-
gree of Rigidity, there is an infenfible or infi-
nitely fmall Gradation of Elafticity : informuch
that whatever Divifion is conceivable in the
Tones, there is no one Sound at all that does
not meet, in the Points of this Spiral, its Uni-
fon, or cdrrefpnnding Vibration 4 So that there
is no Tone unable to imprine diftinétly its Vibra-
tion on this Spiral, and in this confifts the grand
Artifice of the Cochlea, It is for this Reafon §
look upon the Cochlea as the Sanétuary of the
Hearing, as the particular Organ of Harmony,
and of the moft diftinét and moft delicate Sen-

fations in this kind.

FlowBirds  Birds, you will obje®, have no Cochlea, and
zfn:"i“ﬁ'are neverthelefs the moft mufical of the whole
Creation.  Birds have an exquifite Hearing, tho’
| not
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not furnithed with this Contingency, becaufe
their Heads are almoft intirely fonorous like a
Bell : which is owing to their not being involved
in complicated Mufcles as are the Heads of all
other Animals. Hence muft they neceflarily be
agitated by the Sounds which prefent themfelves.
T heir Labyrinth being very fonorous, is fuffi-
cient for this End. The moft fimple Grott
will echoe back a mufical Air: but if to this
excellent Difpofition of hearing in Birds, Na-
ture had added the Cochlea, they would have
been much more fenfible of harmonious Modu-
lations. They would have had a Paffion for
Harmony, as almoft all Animals have for gor-
mandizing : which is not the Cafe. For one
ought to recollect, that the mufical Quality pe-
culiar to Birds, proceeds lefs from the Delicacy
and Tafte of their' Ear, than from the Difpo-
fition of their Throat. They, furthermore, in
this particular refemble Muficians, who give
Pleafure to others, without partaking of any
themfelves. We hear a Dog howl, we fee him
w'f:ep, as it were, at a Tune played upon the
Flute ; when, on the contrary, this Animal is
all alive in the Field, at the Sound of a French-
Horn. The Hotfe takes Fire at the Sound of
a Trumpet, 1n {pite of the thick mufcular Tex-
ture his auditory Organ is encompaffed with.
Without the Cochlea thefe Animals are provi-
ded with, one would by no means difeover in
them this Senfibility for Harmony. We fhould

rather
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rather find them, in this Refpet, as ftupid ag
Fith, which are deftitute of the Cochlea, aswell
as Birds; but without the Advantages which
Birds have of a Head fufficiently difengaged,
fufficiently fonorous, to fupply this Defect.

Man unites all thefe mechanical Perfections,
and moreover adds to them thofe delicate and
refined Sentiments, which diftinguith him from
other Animals, It is this above all things on
which depends his great Senfibility for Har-
mony. For that is good Mufick, which ex-
prefies Sentiments, or excites them. It was in
this kind of Mufick the Antients excelled.
Witnefs the following Inftance in one of
Alexander’s Muficians * :

Hear bow Timotheus’ varied Lays furprife,

And bid alternate Paffions fall and rife !

While, at each Change, the Son of Libyan Jove,
Now burns with Glory, and then melts with Love.
Now bis fierce Eyes with [parkling Fury glow,
Now Sighs fteal out, and Tears begin to flow.
Perfians and Greeks like Turns of Nature found,
And the World’s Viétor ftood fubdued by Sound !
The Pow’r of Mufic all our Hearts allow : &c.

This, which Timothens produced in the Heart
of Alexander, was no furprizing Pheenomenon
among the Antients, It was the ordinary Effect
of their kind of Mufick +.© Nor did they at

. all

* Pope, in his Effay on Criticifm.

% See Monf. Rollin, Tom, 1I. Page 215.
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all confine it to mere Diverfion, but employed The

troduced in their theatrical Declamations, but
ufed alfo in their Harangues, to a Degree of
Proftitution. And it was partly by the Power
of Mufick, that they tranfported the Hearts of
the People, or the Soldiers, either with the
Love of Peace, or Eagernefs for War.

Our famous Lx/li feemed to have it in his
View to revive this pathetic Mufick, thefe
Sounds that penetrate to the Heart. And per-
haps the French Mafters might accomplith what
that extraordinary Man only began, did they
not run fo much after ltglian Cafcades, Mu-
fic that rather furprizes, than touches the
Pafiions.

What I here advance concerning the modern
Tafle, is, notwithftanding, no general Rule.
We have ftill in Europe Muficians and Players
on Inftruments, that are ftudious of good Mu-
fic, and excel in it. It is but a very little
while fince there was at Femice an Artift, who,
by playing on his Lute, infpired his Audience
with what Paffion he pleafed, The Doge had
a Mind to have a Specimen of his Powers.
The dextrous Mufician determined his Soul fuc-
ceffively from Melancholy to Joy, and from Joy
to Melancholy, with fo much Art and Energy,
that the Doge, remaining no longer Mafter of

his

it in the moft ferious public Affairs, and made_Hmi“g‘

it a Part of their Politics. It was not only in-
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his own Affeétions, ordered him to give over
his Inchantments *.
This Power, which Mufick has of moving
the Soul, and by her Means the whole Machine,
renders it very conducive to the Recovery of

Health. - And this Effe of it would be eafily

conceived, were we to reflet what Connexion
there is between thefe two Parts of the human
Syftem. The Generality of Diforders confift in

~ an Alteration of the animal Fluid, and its being

affected by perverfe Modifications. This Fluid
15 the Soul of Senfations and Paffions ; and it is
owing to the Organs that it receives the Impref-
fions of Objects, and takes the greateft Part of
its Charaters and Modifications. The Senfes
then are Organs very well adapted for changing
the Charatter of this Fluid, and confequently of
exciting in the whole Machine, which it ani-
mates, happy Revolutions. Now of all the
Senfes the Hearing is that which gives Man a
Preheminence above all other Animals with Re-
fpect to Harmony : There is no Senfe which
caules i him fuch Emotions as this.

It 1s thercfore no matter of Aftonithment,
that an exquifite Mufician, feized with a con-
tinued Fever and Delirium, fhould be cured by
good Mufick ; nor that a Dancing-Mafter,
attacked by a violent Fever, Lethargy, and
Madnefs has recovered his Senfes and Health

by the fame Means.

Every
* L’ Exiltence de Dieu demontrée, pag. 171.

+ Hiftoir, Acad. 1717.
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_ Every Body knows the Story of the Cure of 1-[3;?5?1
Saul, by the Harp of David, and few Peri_'nns,__w,-f_}
are unacquainted with the Hiftory of the Taran-
tula. The Sting of this Sort of Spider is not
more painful than that of a great Ant, or of a
Bee ; but ftill it is attended with very dangerous
Symptoms, fuch as Melancholy, Suffocation,
Lethargy, Delirium, and even Death. Mufick Care for
is the only Remedy for this terrible Evil. The the Bite of
Method is to fend for a fkilful Mufician, Who s,
plays different Tunes upon different Inftruments ;
for all Sorts will not anfwer the Purpofe. The
Inftruments that fucceed beft are the Bagpipe,
the Tambourin, Guitar, Lute, and Violin.
The favourite Tunes are thofe that are gay and
lively.

When the Mufician has pitched upon the falu-
tary Inftrument, and hic upon the Tune, he perg
ceives the lethargic Patient to move, agreeably
to the Time and Cadence of it, firft a Hand,
then an Arm, and fucceflively his whole Body.
After which he betakes himfelf to dancing with
an aftonithing Activity, and that fometimes for
fix intire Hours together., When they fee him
tired, they put him in a warm Bed, and when
they think he has been fufficiently repofcd, the
Mufician attacks him with a new Saraband.
This Exercife is continued, until they find the

Patient tired, and that he begins to appear
fenfible.

Thele
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HThﬁ Thefe Signs of Cure fhew themfelves gene-
caring

o~y fally at the Expiration of feven or eight Days. '
Then the Patient fincies himfelf to have come
out of a profound Sleep, without any Idea either
of his Illnefs, or the Jiggs he had been perform-
ing. Sometimes his Difo der leaves behind it
a deep Melancholy, and fometimes likewife the
Fit returns annually 5 in which Cafc there 1s a
Neceflity of recurring afrefh to Mufick.

Why the It is obfervable, as to the Organ of hearing;

g‘;“%;fg that the Lab}rrmth and the Cochlea do not at

not grow. 2l increafe in Size any more than the lictle
Bones. THey are as large in Infants as in
Adults, altho® the external Bones of the Eat
acquire a confiderable Growth and Hardnefs.
The Reafon is, becaufe the exteriour Bones are
invefted with a Periofteum well fupplied with
Nourifliment, while the inner are divefted of
this Nourifhment ; and befides, the Bones are
there of a Solidity that would even render it 1m-
praticable to receive any Nutriment, were it
conveyed to them. One of thofe Authors
who make it their Study to fith out Miracles on
all Occafions, affigns no other Reafon for this
Pheenomenon, than the Will of the Creator
who, contrary to the ordinary Laws of Nature,
has eftablithed the Bones of the Ear in a State
of Non-accretion 3 that, as there was no Diffe-
rence in regard of the Organ in Infants and
Adults, there fhould be no Diverfity in the

Impreflions that Sound fhould make either on
thefe,
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thefe, or thofe. He affures us, were the Hear- The

ing to increafe, like the Growth of other Or-
gans, Children as they advanced would receive
this Impreflion of Sounds in a different manner,
and confequently at a certain Age would no
longer know the Voice of their Parents. This
Author meant, that they might find an Altera-
tion in their Parents Voice 3 but could never

imagine they fhould not know it to be the

Voice of their Parents, as in that Cafe thole

~ Children muft have been blind. So that this

Decree of the Almighty would then have been
{olely made for blind Children. But with what
Foundation can we fuppofe that the Accretion
of the Bones of the Ear thould make an Altera-
tion in the Senfation of Hearing? The Organs
of Sight; Tafte, Smell, do not thefe acquire
Growth without difconcerting thofe Senfations ?
And tho’ the Hearing be not fufceptible of mak-
ing the like Advances, muft one conclade
from thence, that this Organ is the fame in all
Subjects > This is no ways probable. Every
one hears therefore after his own Mode; as
is evident, and feels and taftes likewife propor-
tionably to the particular Strufture of his
Organs.

Nothing in the mean while goes on at all the
worfe. Wherefore let us revere the Defigns of
God, rather than dive too far into them ; left,
with the laudable Intention of publithing his

wond’rous Works, we make him an Offering of

1 the

Hearing.
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The the Folly of our own Imaginations. He has
Hearing: {ubje¢ted the Univerfe to our Refearches, to
our Reafonings ; but not that we fhould call
his Decrees in Queftion, and make him think and
alt agreeably to our weak Underftandings,
When we attempt this; methinks I hear one of
De {a Fontaine’s Infects defcanting on the fublime
Geometrical Operations of our Defeartes, our
Newtons, or on the profound Politics of our
Colberts, and Fleurys.
Strucure  Of all the Organs of Senfation we have run
f:;‘:;ﬂfi‘;over hitherto, we have feen that their Structure
receive allis contrived for the Penetration of their Objeét,
é‘:ﬂi:r‘fr and the Conveyance of its Impreffion, and for
Sounds. 1ts being, as it were, abforbed in order to make.

a more perfect and compleat Impreffion. This
very Mechanifm fubfifts alfo in the Organ of
the [Hearing. Every thing concurs to facilitate
the Entrance, and to eftablith the Retention of
the Impreflion of fonorous Vibrations.

The exterior Tunnel collects thefe thratmns
The next Tube, which conduéts this agitated
Air, difcovers fome oblique Sections at the
bottom Parts of it made by the Membrane of
the Tympanum. This Obliquity is the Caufe
why, on the rebounding of the exte:lor Air
from under the Membrane of the Tympanum,
it immediately rufhes againft the oppofite Side -
of the Tube; from whence it is again refleCted
under the fame Membrane to which it commu-

nicates all its Vibrations.
Were
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Were this Tube ftrait, and perpendicular to The

Hearing,

the Membrane of the Tympanum; the exterior 2y
Air would be refleCted from under this Memi-
brane out of the Tube of the Ear, and confe-
quently would have 4 much lefs Effect.

 In like manner the inner Air is thut up in the
Sinus’s by Membranes. The Vibrations it re-
ceives from without, enter on one Side the Ori-
fices of the Labyrinth; and on the othet thofe
of the Cochlea. The V:brations that infinuate
themfelves into the Orifices of the Labyrinth,
tend to make a reciprocal Collifion amidft the
femicircular Canals ; by which Aétion all their
Effeét is in a manner abforbed in thefe Canals,
Not that I imagine their Imprefiion is confined
to the Point where this Collifion is made, as
the Rays of Light caufe an Impreflion where
they are united ; becaufe the Mechanifm of
thefe two Senfations is abfolutely different. Here
it is a painted Image, there Vibrations, a
Trembling; that communicates itfelf to the
whole Organ by the very Collifion that is made
in feveral Points.

The Orifices of the Cochlea ate twofold.
Ore of them commiunicates with the Labyrinth
or its Veftibulum, and 1s the Entrance of the
internal winding ; the other opens itfelf direétly
in the Drum, or firft Sinus, and is the Entrance
of the external Winding, The Vibrations con-

fequent to thele Openings are propagated the
whole Length of the Spiral, Bur being arrived
I at
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HE;I:; at the Top, at the Extremity of the Cochiea,
,__.v_.f_',the}r undergo a Collifion both againft this im-
pervious Extremity, and amongft themfelves,
and thereby give a Shock to all this Organ,
particularly to the fpiral Laniina, that Portion
of it efpecially which is in Unifon with the Vi-
bration. So that all the Parts of the fonorous |
Vibrations are extinguithed in the Organ of ;
Hearing, in fuch a manner as to leave behind
them all their Imprefiion. .
The inner Air of the Drum is fupplied by |
Euftachius’s Tube ; but the inward Air of the
other Cavities is conveyed to them either by the
Porofity of the Membranes that cut off their
Communication with the Drum, or by the
Fluids that circulate in the Periofteum of the
Cavities.
We hear It is remarkable that we hear beft with the:
bet with Mouth open. The Reafon of it is, becaufe nct:
g;ﬂwh only the Vibrations of the Air are communicated|
by the Mouth and Eufachius’s Tube to the:
Infide of the Ear, but moreover, becaufe the:
Joint of the Jaw-Bone, placed againft the Tube:
of the Ear, retires from it on opening the:
Mouth, and by that Means leaves this Paffage!
more at Liberty. :
AnInfira.. The Structure I have been obferving in the:
ment for Far, leads me to the Invention of an Inftru—
ﬁ{:rﬂ;;r;tgs ment formed for fupplying that Sort of Defectt
of Hear- called Hardnefs of Hearing. My Machine con--

B, fifts of two Parts. The firft is a Horn Shel
: thau
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that retains a good deal of Air, and is exactly H;ng:g
fitted to the Tube of the Ear ; the other Part is e m—u
a T'unnel inferted at the Center of the Shell.

. This Tunnel receives a good deal of exterior
Air, put in Motion by thofe that are {peaking.
The Vibrations ruth in Crowds, as it were, into
the Shell, and communicate themfelves to a vaft
Space of Air which it contains ; and, being
there retained and refleéted by the vaulied Parts
that furround the Tunnel, are obliged to unite
themfelves univerfally towards the Infide of the
Ear, where they make a very ftrong and power-
ful Impreffion. The Figure of the Inftrument
exhibited in Plate IV. Fig. 4. points out the
Nature of it more effettually than could be
done by the moft elaborate Defcription.

The nervous Organ, which immediately re-The im:

ceives the Impreflion of Sound, is an extremely ‘Sfdi“’ﬂr
fine Expanfion of the feventh Pair of Nerves, Hcﬁ,mg,
that line all the Infide of the Organ of Hearing.
This Nerve has two Parts, one foft, that is ex-
panded in the Cochlea and Labyrinth, and one
hard, which diftributes fome interwoven Fila-
ments to the Tympanum, or Drum, that pafs
behind the Membrane of the Tympanum, and
make what 1s called the Cord of the Drum,
But the greateft Portion of this Nerve is diftri-
.buted in the Parts of the Face.

The Hearing is one of the moft valuable
Senfes, and the Lofs of it may be ranked in the
Number of the greateft Misfortunes. Tho’ the

F 2 Tafte
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H;E:ig Tafte bs only abfolutely neceffary for Life, [ﬁ:ﬂ‘*
o~ there is but little Difference between the Tafte
and. Appetite ;) yet Life, deprived of Senfations

fo ufeful as Hearing, is a kind of premature

Death, -
I muft neverthelefs agree with thofe who
look upon Deafnefs, that is not from one’s Birth,
as an Accident lefs grievous than Blindnefs.
Utility of There are in the Wotld more Objeéts of the
gi;ﬁid Sight, than of the Hearing. And befides, Un-.
with thatderftanding is conveyed by the Eyes, not only
gfgl'f:'" by means of Writing, Books, &F¢. but alfo by
Attitudes, Signs, and Motions of the Lips,
" Eyes, and Vifage of thofe one beholds : witnefs
the Pantomime Pieces fo much in Fafhion upon
the Englifp Theatre, and even in fome Degree
at this Time in France. It is certain, that the
Sight is a Supplement to the Hearing, much
more eminently than Hearing is to the Sight.
‘The World abounds with deaf People whom we
make to underftand what we pleafe. In the
Deaf that Year 1700 there was a Merchant’s Wife at
‘é“d”ﬁ““d Amiens, who comprehended all that was faid to

y theMo- i i

tion of the Ner, by folely attending to the Motion of the

Lips.  Lips of whoever fpoke to her. She joined in
this manner in the moft uninterrupted Converfa- '
tions 3 which did not produce half the Fatigue
that the ordinary ones by Speech are apt to
create : For one might be difpenfed with in
regard of the Articulation of Sounds, it being
fufficient to move the Lips as one does in fpeak-

ing.
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ing. Thus fhe underftoed very diftinétly, and _The
would immediately tell you of it, in cafe you Hlearing.
fpoke a ftrange Language to her ¥  There
is recounted another Inftance fomewhat like
this .

A Perfon born deaf i1s unavoidably dumb.
For in order to fpeak, it 1s neceflary to learn a
Language ; and, to learn a Language, it is
requifite to hear. It is very perceptible that
this Clafs of deaf People are for the moft Part
deprived of the Advantages and Confolations
‘we have remarked in the ordinary deaf. A Man
deaf from his Nativity is, in my Opinion, a
great deal more unhappy than one born blind,
To form a right Judgment of his exceflive Mi-
fery, we need only refle€t how valuable to Man-
kind are the Lights of Education, of which this
Species of deaf Perfons is almoft totally de-
prived. We have remarked, that there are more
Things in the World that are the Obje&s of
the Sight, than of the Hearing: but, in point
of Knowledge, there are very few Truths that
prefent themfelves to the View, being almoft
univerfally the Obje@s of our Hearing. We
have, indeed, arrived at the Dexterity of teach-
ing a Perfon deaf and dumb to read and write. Deaf and
By pointing, for Example, to a Candle, anddumb
writing down that Word, we fhew that this is:::{%htﬂt:
the Mark peculiar to that Thing; which heWwrite. |

| B3 will

* Oblferv. de Phyfig. Tom, II, p. zog,

% Ib. Tom, III p, z7g. :
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The  will recolle& whenever you difplay to him that
m{:hﬂ‘a&er One may teach him likewife the

Names of his Friends, or rather the Figures that
diftinguifh them. But who is not fenfible how
limited this Art of Signs is without the Help and
Caoncurrence of Sounds? You make a deaf and
dumb Man acquainted with a great Number of
Subftances, or Names of Things ; but what
Method will you take to apprize him of all the
Appellations afligned to thefe Things ? How
will you make him comprehend the Verbs,
their Moods, and Tenfes? The Acquifitions,
in Point of Knowledge, of this Clafs of Mor-
tals, are confined to Matters intirely vifible, and
confequently are extremely limited, what Pains
{oever one takes to inftrué them, and in fpite
of their natural Sagacity in guefing at the leaft
Sign. We may judge of this Affair from the
Account recorded in the Hiftory of the Aca-

dem}f of Sc1¢nces of one deaf fmm 11;5 Na-

twnty

A young Man of about five and twenty Years
of Age, born deaf and dumb, began all on a fud-
den to fpeak, to the great Aftonithment of the

whole Town of Chartres, where this ﬁngular |

Fvent happened, He gave out, that four or
five Months before, he had heard the Sound
of Bells, and was cxccedmgiy furprized at thig

new Senfation. After this a kind of Warter

gufhcd from his left Ear, and he heard per-
mé‘!y well w1th both. He cantmucd m this
State
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State three or four Months without uttering a {Tf!t*
Syllable, accuftoming himfelf to repeat in a quite ;__f.:.ui
low Voice the Words he heard, and confirm-

ing himfelf in the Pronunciation and Ideas ap-
propriated to thofe Words, At length he
determined on breaking Silence ; and accordingly

began to fpeak, tho® his Accents were yet but
imperfect, Some intelligent Divines foen got
about him, and put Queftions to him concerning

his paft State, which turned principally on God,

on the Soul, on the moral Goodnefs or Evil of
Actions, He did not feem to have carried his
Thoughts thus far, tho’ born of Catholic Pa-
rents, accuftomed to attend at Mafs, and taught

to make the Sign of the Crofs, and to kneel in a
praying Pofture, which he had never accom-
panied with any one fingle Intention : {o true it

is, that the greateft Source of human Ideas fprings

from their reciprocal Commerce. I have given

this Relation in the very Words of the Academy,
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Paffion painted ; inafmuch as this Organ, in- S'Il‘lm |
tirely nervous, and very nearly bordering on the, ””“"ﬁ ,
Brain, abounds with Spirits, which muft neceffa-

::riI y exprefs the refpective Difpofitions.

Of LigHT.

" 'IGHT, the Obje& of Vifion, is an X~ Light a
tremely fubtile Matter, ~This is an incon- very fub-
teftable Point, which is fufficient for mﬂr-Pur-ESf' Mak-
pofe. It is not very material how its Parts are
fafhioned : its prodigious Subtility is demonftra-
ted by the furprizing Facility with which it
penetrates a Diamond, a Body of the greateft
Solidity and Gravity, and the leaft porous of
any Subftance in Nature. |
 ‘What we term Rays of Light, are the {mall Rids of
Filaments of which Light is compofed, and Light.
alfo the elementary Particles, or the Corpufcles
that conftitute thofe Filaments, and which form
the Matter of Light.
~ This luminous Matter is expanded all over ;o gy
the Univerfe, and all other Species of Matter verfally
are impregnated with it, fomewhat like the®P snehd.
Earth’s being moiftened with Water, The
Sun is a Lake, a Sort of Ocean, where this
Matter is amaffed in greater Quantity, that is
to fay, with lefs of Mixture. Perhaps even
this Light of ours is of a more fubtile Nature,
and fofter than that of this Lake, according to
the general Law eftablifhed in the Formation of
' i the
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The the Univerfe, that the heavieft Bodies fhould
BrenTs yever occupy the Center of a Vortex. The
Difference then that fubfifts between Light and
Fire is only this ; that in Fire the Parts of this
fubtile Matter are more mafly and more agi-
tated.
Lominogs 1 hat the Matter of Fire 1s more maffy than
Matternot that of Light, is evinced by Experience, Inthe
{ﬁ:‘ﬂ} ¥ middle of the torrid Zone, on the Top of the
Fire. Cordelieres, (Mountains elevated above the
Clouds, Wind, and Mifts) where of Courfe
Light, and the Sun that animates it, ought to be
endued with great Force, Cold, notwithftanding,
is there as exceffive as in the North Seas *, pro-
ving mortal to thofe who are not guarded againft
its Intenfenefs. But who would imagine there
could be a Poffibility of running a Rifque of
dying by Cold on a Mountain in the torrid
Zone ? Now from whence proceeds this terrible
Extreme, in the midft of a Region formidable
by reafon of its Heat ? "

By the juft-recited Law, fubtile Matter is fo
much the lefs fubtile, and of fo much more
fenfible Efficacy in regard to us, as it is neagrer
the Center of the Vortices ; ; and it bpcomcs {o
much the more fubtile, d]ifulved and ineffica-
cious in Proportion to 1its Dx&anz;f: from this
Center. That which penetrates the Earth, and
our Atmofphere, is governed by this Law.

The

* Abridgment of the Philofophical Tranfattions, Vol.
V. p. 147 0r Le Spectacle de la Nature, Tom. V. p.
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The Summit of the Cordelieres being extremely The
elevated in the Atmofphere, the Aéion of the S'_GHT'
Sun in this Region only puts in Motion a very Why feve-
fubtile Matter, that is but one Degree beyond ;?idh:}'e
pure Light. Now the Imprefiion of fuch aCold on
Matter is referved for the fole Delicacy of thatlﬁzg‘:f a,':f
Senfe of feeing. But, in refpeét of our other jieres, thet
Solids and Fluids, this Matter makes its Way ir‘i‘éhég;:'
freely, and penetrates them almoft without k
at all affecting them, its Motion dying away
irrefiftably, and without the leaft Agitation of
the Parts.  As it cannot then make any mate-
tial Impreffion on them, a Ceffation of Motion
in our Fluids neceffarily enfues, as the principal
Part of their Motion is owing' to the Fluids of
the Univerfe which penetrate them ; and, in
fhort, a total Stagnation of the Blood and Juices,
with the Death of the Animal, follows. It is to
the fame Cold of mountainous Regions, we
muft afcribe the Origin of Hail, that is to fay, Hail fall.
of congealed Water, which falls fometimes at:ﬂﬁ;‘}’:ﬂ'
Midfummer, Summer

In a lefs elevated Region, as on the ordinary gecounted
Surface of the Earth, we meet with a Matter
lefs fubtile, more mafly, and capable in a greater
Degree of affecting our Fluids and Solids, of
rarifying both the one and the other, and of
producing thofe Motions and Agitations, called
Heat. And thefe Effeéts would be ftill mc:-reﬁ‘::f P
confiderable, were the Agitation of this Matter

increafed by the Action of the Sun,
B If
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If we defcend below the Surface of the Earth,
and penetrate into the Bowels of it, even to
thofe fubterrancous Caverns where the Sun’s
aﬂmh:ﬂ*y A&ion can have no Accefs, at leaft

direétly, we fhould notwithflanding by na

Central
Fire,

means incur the Hazard we fhould be expofed
to on the mountainous Cordelieres 5 as the Bulk
and Solidity of the fubtile Matter, and its inhe-
rent Motion, that receives an Augmentation the
nearer it approaches to the Center, fupply the
Lofs on the Part of the Sun: Tt is this fiery
Muatter diffufed in the Entrails of the Earth,
that conftitutes the central Fire, fo analogous to
the Cauftic Fluid eftablifhed in the animal (Eco-
nomy. It is that which renders Places under
Ground hot in Winter *, and the more {o the
deeper they defcend, according to the Expe-
rience of Monfieur Mariotte. And as both Men
and Beafts have been killed by the Cold, and
found in a manner petrified, on the Top of the
Cordelieres 5 fo, on the contrary, feveral have
died by Heat, and become in a manner dif-
folved in Caverns of the Earth of an extreme

Depth.

Matter of The Rays tran['mtttcd to us from the Moon,
Lightfineris o farther Proof that the Matter of Light is a

and fofter
than that
ef Fire.

great deal more fubtile, and much finer, and
fofter,

* Subterraneons Places are equally hot in Summer.
From the Heat of Summer it is, that one finds them cold
at this Seafon of the Year, as it is the Cold of Winter, that
makes them feel hot. But in Reality, this Heat is the
fame at all Seafons, becaufe the Central Fire is ever the

fare.
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fofter, than that of Fire, and very little capable The
of producing the Effets of that Element. o
Monfieur De la Hire the younger, during a fine Experi-
full Moon, expofed to the Rays of this Pianﬂ?_‘di“;r{’ik
the great Burning-Glafs of the Okfervatoire atLa Hire.
" Paris ; and applied to its Focus the Bulb of
Monf, Amontens’s Thermometer; which is en-
dued with the greateft Senfibility, if one may
ufe the Expreflion, of any we have, The
Mercury rofe not at all; altho’ by this Glafs the
Rays were colle€ted into a Space three Hun:
dred and fix Times {maller than their natural
State ; when they ought confequently to intreafe
theapparent Heat of the Moon by fo manyDegrees.
The Urania of our Age *, fo verfed in thefe
fublime Experiments, adds, that the Rays of
the Moon thus united, are more denfe and coms+
pact than thofe that iffue from a Wax-Candle,
tho’ this Candle neverthelefs burns with a lively
Blaze, and thefe Rays of the Moon cannot fo
much as imprint the leaft Sign of Heat even
on an Inftrument fufceprible of her lighteft Im-
preflions. Whence it 1s evident, that the Mat-
ter of Lighe is different from that of Fiie and
Heat, and a great deal groffer,

But how comes the Burning-Glafs of. thevypy e
Palais- Royal; n aflembling a great Quantity ofg‘}”;‘_mgr
Rays in a fmall Space, to produce the moft cer- ;. i:.z.m
rible Fire imaginable 3 a Fire, that in an Inftant Royal

puts in Fufion the moft compact Subftances, fuch iﬁ‘fﬂf

45 0us Stones,

* Mde. Du Chatelet, loc. citat,
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The ds Gold and precious Stones? The Reafon is;

SiGHT.

$ ,becaufe this great Quantity of Rays is intimately

united to the Matter of the Fire that is in the
Atmofphere ; which being borne and animated
by thefe Rays, is crowded jointly with them in
the Focus of the Glafs, and there works the
prodigious Effeéts in regard of which Light i
only the Soul, or firft Mover. 1}

Tho’ this luminous Matter be univerfally dif:
fufed, it does not alwas manifeft itfelf, at leaff
to ordinary Eyes. It has 4 Motion, like all
fubtile Fluids § but this Motion is not of Ener-
gy fufficient to 'make an Impreffion on ouf
Sight ¢ or rather, the Motion it partakes of as
a Fluid, is not that which it ought to be endu-
ed with, as am Obje& of Vifion. The Air is
therefore inceffantly in Motion as a Fluid : buty
in order to produce Sound, it is neceffary it
fhould be furnithed with the fupernumerary Mo-
tion of Vibration, or Undulation, it receives from

Vibrati- fonorous Bodies. In like manner the Matter of

ons necef-
fary to lu-

minous

Matter.

Light, befides its Motion of Fluidity, neceffa-
rily requires Vibrations excited either by the
Sun, or the Stars, Fire, or in fhort by fome
luminous Body, whatever it be. Thefe Vi-
brations are always made in a dire Line.

The Sun is generally acknowledged to be
the moft powerful Mover of this Matter. Con-
{equently its Abfence involves it in Darknefs,

not becaufe the Force it acts with upon this
Matter is abfolutely confined to the Parts it
pufies




~ o# the SENsES, 79
puthes in a ftrait Line ; the neighbouring Par- s:r-l-:l:r
ticles are likewile agitated, which is partly the

Caufe of Twilight. It is alfo the Reafon why Cﬂ“ﬂﬁ G}f
- we fee a Solar Ray that darts into a dark Room, " 8"
tho’ one be fideway, and at a Diftance from
the Ray. Bur, in Proportion to the Diftance
of thefe Particles, this Communication of Mo-
tion becomes fo feeble, that at laft this Light is
no longer capable of ftriking the ordinary Or-
gans. In the farhe Manner as when a Perfon is
behind a thick and high Wall, he fcarce hears
any one that is talking on the other Side.

It muft notwithftanding be acknowledged,
that one may better hear a Man fpeaking on the
other Side of a Wall, than be lighted by a
Flambeau placed behind the fame Wall. ‘There
are two Reafons for this Difference.

Firft, the Motion of Light is intercepted and
extinguithed much more eafily than that of Motion of
Sound. A fingle Picce of Paper is capable of Sound
veiling Light, and even of extinguifhing 11:2?:{: ﬁ:“
But a Man between four Stone-walls can make that of
his Voice be heard at a confiderable Diftance ; it
becaufe Sound furmounts the greateft Refiftances,
puts in Motion the moft folid Bodies, and of
Courfe forces its Impreffion beyond thofe Bo-
dies: If I hear the Voice of a Man from be-
hind a Wall, the Sound of it is communicated
to me partly thro’ that very Wall ; a Refource
that luminous Vibrations are totally de prived of.

Secondly,
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LThf Secondly, the fole Communication which
IGHT. - s ; :
Gy~ S0und has here in common with Light, is above
the. Wall. Its Beams expanded in the Air
above the Wall, light me, very feebly indeed,
but ftill they afford me fome Light : Direét Vi-
brations would, no doubt, light me compieatly.
In like manner I fhould more diftinétly hear the
Sound of a Voice, if it came directly to my Ears.
But it is fufficient for me to fee a little of the
Vibra-  Light, which pafies above the Wall, to con-

tions inlu- clude, that there are in luminous Matter Vi-

minous 3 . b .
Matter,and Drations, and collateral Undulations, refembling

"gﬂ;ﬁ;ﬁl thofe in the Air fubfervient to the Production of
tons,  Sound. ‘Thefe lateral Vibrations are in a leffer
Degree, and the dire& on the contrary more
lively, which is an Effeft of the Subtilty of this
Matter fo fupetior to that of Air, If you
ftrike upon a Piece of Timber, every Part of
it will fhake almoft equally. But if onc beats
the Water in a L.ake, the Vibrations will not
be fo univerfal 3 in Air, they are ftill lefs ; and
in Light les ftill, than in all other Fluids:
becaufe the more fubtile a Fluid is, the lefs
conneted are its Parts, and the more indepen-
dent of one another ; and confequently their
dire€t Motions may be made with fo much
why the lefs Communication between the collateral
;}if;:gi Parts, and of Courfe with fo much the greater
ted with Velocity. It is for this Reafon, that the Propa-
greater  oarion of Light is by feveral Degrees quicker

Veloeit >
thansuu};d than that of Sound.

Wheg
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When I fay that the Motion of Light in the Lienr.
Sun’s Abfence, or the Abfence of any other lu- -
minous Body, is not of fufficient Efficacy to
make us fenfible of any Properties it is endued
with by agitating our Organs, I mean the ordi-
nary Organs. For there are Eyes, in regard of
which there is no Night, or at leaft no Dark-
nelfs, properly fo called.

The Owl fees in the Night *,. inafmuch as the Why
Ball of its Eye is fulceptible of an extreme Dila.-ﬁ; WI{-SIigl::.
tation, by means of which its Eye coilects a '
great Quantity of this feeble Light, which great
Quantity is a Supplement for its Defect in Point
of Force. Perhaps too this Animal is furnifhed
with an Organ of Vifion fome Degrees finer
than ours. Briggs knew a Man, who was not
a Jot behind the Owl, being able to read in the
Dark. The Cat alfo is reckoned a Rival of the, , Cats:
Owl in this Particular, as well as the Mole in its d
fubterraneous Atchievements. It is pretended
alfo, that Men in certain Fits of Drunkennefs,
and Acceflions of a Fever, or when choleric,
will read in the Dark,

There was a young Woman at Parma, WhO The young
could fee as clearly at Midnight when all the Woman of
Windows were fhut, as if it had been Noon-' %"
day. Mr. Boyle, in his Differtation touching Strange
final Caufes, &c. makes mention of a Gen'-:le-ﬁmrg’ ‘Eﬂ"
man confined in a Dungeon abfolutely dark,tgr;ﬁ{ "
who, having been there fome Weeks without

G feeing

* Obfervat. Phyfiq. Tom. 11. p. 108.
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The feeing any thing, imagined at laft that he difcers
S1ouT. hed a little Glimmering ; which Glimmering in-
creafed daily, fo that he could now fee his Bed,
and Objects of the like Bulk. At length he
could fee even the Rats that came for his
Crums, and mark their Motions very diftinctly.
It is certain that a Place muft be exceedingly
dark indeed, where a Perfon who has remained
there any long Time cannot plainly difcern Ob-
Je€ts. This is obfervable every Day in a dark
Chamber. THe principal Reafon affignable
for ocur Inability of feeing in the dark, is the
great Light our Eyes are accuftomed to. This
Organ 1s, as it were, worn out with it, in the
fame Senfe as we fay Tiplers have loft their
Tafte. 'We have feen how the Boy brought up
in a Foreft, and accuftomed to weak Odours,
had his Smell in as much Perfection, or rather
more exquifitely, than Hounds. I imagine,
that any one ufed to Darknefs would likewife
have a Delicacy and Sharpnefs of Sight fufficient
to produce a diftinct Perception of Objeéts. It
Defect of1S therefore the Defcct alone of our Organ, if
the 'E:re we do not fee at all Times. For we are incef-
gan,

Caurwh},fant]}r futrounded with Light, and with Light
we do notthat 1s miore or lefs ever in motion. This
alwaysiees ruth is farther proved by an Inftance in the

Journal des Sgavans of 1677, which here fol-
Strange lows Word for Word. A Man having wounded
Story in his Eye with a Wire, which he broke in ftring-

the Four-: :
Nkt “Ing his Lute, after making ule for fome Days

TLRINE EE
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Of cooling Remedies, that were prefcribed him,
in order to preferve his Eye from the Inflamma-
tion that threatened it, all on a fudden found he
could fee clearly enough, in the midft of Dark-
nefs, to difcern every Obje&, and to read all
Sorts of Characters. This Symptom continued
for feveral Days, or, to {peak more properly,
feveral Nights : during which Interval he faw
nothing but with his fick Eye, that could not in
the mean while bear even the Light of a Candle,
much lefs that of the Sun in the Day-time, fo
that he was then obliged to keep it fhut.

This Man, as is plain, had his Day-Eye,
and his Night-Eye, and the Reafon of it is evi-
dent. The Inflammation of the difeafed Eye
had rendered it fufficiently fenfible of being as
much affected by the feeble Images of noctur-
nal Light, as the found Eye was by thofe of the
Day.. So that this latter Species of Image muft
rather wound this difordered Organ, than en-
lighten it.

83
The
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Light being always exiflent,and diffufed thro’ Propaga-

the whole Univerfe, as we have been juft ob-
ferving, the Shocks communicated to it by the
Sun, or every other luminous Body, put it into
{ucceflive Motion in the fame manner, as the
Vibrations of a fonorous Body agitate the Air
to a wide Degree of Circumference. We have
ipecified the Time thefe Vibrations or Sound
takes up in paffing thro’ a given Space. Light,
all fubtile as it is, employs alfo a certain Time

G2 to

tion of
Light.
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to communicate itfelf 3 but this Time is pro-

wpmcmned to its Subtilty. For anmple, 1 18

Error of

{ome Phi-
lofophers.

feven or eight Minutes in arriving to us from
the Sun, that is to fay, in making thirty Mil-
lion of Leagues. It is about four Millions of
Leagues in a Minute, and almoft feven Hun-
dred Thoufand Leagues in a Second. What a
prodigious Rapidity of Communication, com-
pared to the three Hundred forty-fix Yards,
which Sound is propagated thro’ in a Second,
and to the four Leagues and a half, which it
makes in a Minute | Light is tranfmitted almoft
a Million of Leagues for every fingle League
that Sound is traverfing. It is therefore a thou-
fand times more {ubtile and more rarified than
Air that produces Sound.

By admitting this great Superiority of Light,
one conceives the Poffibility of this rapid Pro-
pagation, But the Opinion of thofe who ima-
gine that Light is tranfmitted to us by the Ema-
nation of the Sun itfelf, that this Matter atually
travels the Space we have been mentioning, that
it parts from the Sun, and reaches us in feven
Minutes ; this Opinion, 1 fay, feems beyond all
Probability. A Cannon Bullet, with its utmoft
Swiftnefls, would take up five and twenty Years
in making the like Way, Now fuch Velocities
are as impoflible, as the Revolution of all the
Firmament in a Day round the Earth.

The
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j LicHuT.

The Reflexion and Refraltion of LiGHT. :
H E Propagation of Light, or, if yond The Way
Light is
pleafe, its Motion, is ever in a dIrE&pmpnga
Line. ted,

This Motion of Light, in a dire¢t Line,
changes its Direftion when it meets with a
Imooth Surface, for Inftance, that of a Look-
ing-Glafs, or when it pafles obliquely from one
Medium to another, as from Air to Water.

The Change of Direftion of the Rays of Reflexion
Light, by falling upon a fmooth Surface, is®f Light:
called Reflexion of Light ; becaufe the Light
refleéts, or rebounds, from this Surface,
as a Ball does from a boarded Floor. Ex-
perience has taught us, that Light is re-
flected from thefe {mooth Surfaces, with the
fame Force, and the fame Inclination, with
which it fell upon them: or, in other Words,
that the Angle of Incidence EFK of the Ray
EF, Fig. 1, Plate III. and its Angle of Re-
flexion KFI are equal.

‘The Change of Direction incident to Light, Refac.

that paffes from one Medium to another, is buttion.
a turning of the firft ftrait Line, which turning
of Light is termed Refrafiion ; becaufe in Ef-
fect the Ray thus determined from its firft Di-
rection feems to be broken.

Tho’ it be not Light which rcai]y falls upon,
thefe Surfaces or aftually paffes in thefe Me-

G 3 diums,
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diums, but only the Vibration, that is commu-
nicated to the luminous Matter which is already
upon thefe Surfaces, and in thefe Mediums ; we
make no Scruple neverthelefs of faying, that
Light falls upon a Surface, that it paffes in a
Medium, inafmuch as thefe Expreflions are
more conformable to the common Way of con-
ceiving their Effects. It is fufficient to acquaint
the Reuder, that we mean no more by thefe
Falls, or this paffing Quality of Light, than the
Propagation of lumjnous Vibrations.

When the Medium, wherein Light enters
obliquely, is of greater Denfity than that in
which it was, for Example, when it paffes from
Air into Water, or from Water into Glafs, it
is refracted in approaching the Perpendicular
drawn in this new Medium, to the Point of its
Surface where the Light falls. The Ray EF,
that falls in Air upon the Cube of Glafs or of
‘Water ABCD, would pierce it according to the
Direétion FL, if this Cube contained only Air ;
but confifting of Glafs or Water, the Ray is re-
frafted in approaching the Perpendicular FH
according to the Direétion ¥M, if the Cube
1s of Glafs, and according to the Line FN, if
the Cube is of Water : becaule Glafs being of a
greater Denfity than Water, refracts the Ray the
more, or determines it the more to the Perpen-
dicular FH.

But in cafe Light pafies obliquely in a Me.
dium of greater to one of lefs Denfity, it is re,

fracted,
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fracted, or turned, on withdrawing icfelf con- Licur.
trarily to the Perpendicular of the Medium
which it pierces. For Inftance, when the Ray

FM, which has pierced the Cube of Glafs ABCD,

pafies afrefh in the Air that is below this Cube,
inftead of keeping the ftrait Line FMO, it is
refratted from M to P on its Direction from the
Perpendicular MR of all the Space OP.

T'his is what is called the Refrastion of Light.
We are convinced by Experience, how much
Light is turned from its direct Way in every
Medium. For Example, in paffing from Air
into Water, it diverges a Fourth of its natural
Diftance from the Perpendicular ; in Glafs it di-
verges almoft a third, or fix feventeenths.
When it quits thefe denfe Mediums to pafs in
Alr, it is as far diftant from the Perpendicular,
as 1t had approached it on its Entrance : that is
to fay, it is refracted a fourih Part on leaving
Water, and about a Third when it retires from
Glafs. So that the Ray EF above the Cube,
and the Ray MP below it, both in the Air, are
parallel to one another,

The Geometricians exprefs themfelves more
exatly ; tho’, perhaps, not with a Clearnefs ne-
ceffary for the Generality of our Readers.

-1 will only fpeak one Word in regard of
thofe to whom I fhall explain thefe Matters,
and of thofe, who underftand them already,
that the Geometric Method of accounting for
the RefraCtions of Light, is expreffed in the

G 4 Plate ;



g8 A Phyfical Effay

Licur. Plate ; where they will find, that the Sine of

S Incidence EK is to the Sine of Refrattion in
Water K 3 or H 3, as 4 is to 3, and that this
fame Sine of Incidence EX, is, to the Sine of
Reiraction in Glafs, K 11 or H 11, as 17 is to
11, and wice verfa as to the Refractions of the
Ray that paflts from the Cube into Air,

If the Surface of the Medium into which
Light enters is found convex, as is the Lens
AB, Fig. 2 ; then fuppofing three Rays Pa-
rallel GCC, the middle Ray G, falling perpen-
dicularly on the Medium of the Lens, will
pierce it without being turned from its firft Di-
rection, and will defcribe from G to T but one
ftrait Line. But the collateral Rays CC, falling
upon the lateral and floping Parts of the Lens,
become oblique, in refpe&t of the Perpendicu-
lars of this Spot of the Surface, marked by the
two pointed Lines DD : fo that they are re-
fratted on their approaching this Perpendicular
DD,

Thefe fame Rays, on departing from the
Lens into Air at the Points dd, pafs obliquely
from a denfer Medium to a Medium of lefs
Denfity.  They muft confequently then be bro-
ken, on their Determination from the Perpen-
diculars ‘marked in the Plate. So that they
would always be approaching the middle Ray,
to which they would unite themfelves at laft in
a fingle Point S ;3 where they crofs one another,
and from whence they are feparated afreth at T.

This
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T his Point of Re-union, is called the Focus of the Licur.
Liens, and thefe Rays, thus conduéted to Ehﬁm
fame Point, are termed convergent Rays 3 but, the Lens.
when they feparate themfelves again as at T,E;[:E;s_
they are ftiled divergent Rays. = . Divergent

If, on the contrary, the Surface of the Me- X%
dium, into which Light enters, be concave, ei-

ther on one Side .only, or on both, as in the
Lens AB Fig. 3; then the middle Ray C
will crofs the Lens in a diret Line CN : becaufe
this Ray falls perpendicularly both on the concave
~ Surface FH of the Lens, and the convex Sur=
face IL. of the Air. But the collateral Rays
ED fall obliquely upon one and the other Sur-
face ; whence they become fubjett to the Laws
of Refraction. -

They enter ‘at the Points FH into this denfe
Medium. Inftead of keeping in a ftrait Line,
they muft neceffarily be diverged in approaching
to their Perpendiculars p, p. They depart from
the Lens, or pafs into Air of lefs Denfity to
the Points 1L. There, inftead of purfuing a-
gain a ftrait Line, they muft keep wide of their
Perpendicular rr, and go to M and O : confe-
quently, thefe Rays are twice diverged from the
middle Ray, which renders the intire Ray diver-
gent, in a contrary Dire€tion to that which
pafies thro’ the convex Lens,

We muft obferve, that in the one and the
other Glafs, tho’ the Ray in entring makes its
Approaches to the Perpendicular, and at its

I darting
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Licur. darting away is wide of it, it ever continues
— Y notwithftanding to approach the middle Ray,

as in the convex Glafs, or to keep wide of it,

as in the concave. And the Reafon is, becaufe
the Perpendicular of its Entrance, and the Per-
pendicular of its Exit, from the Glafs, are un-
der contrary Directions. So that the Ray in its
Approaches to the former, and its keeping
clear of the latter, is always curved in the fame
manner.

SEQUEL of the MoT10oNS of L1IGHT ; their
: ' CAuUsES.

New Pro. Y U CH are the principal Properties of Light
perties of known before Sir Ifaac Newtor’s Time,
Light- " In order to difplay thofe, which this great Man

and other his learned Contemporaries have added

to thefe, let us have Recourfe to the Cube of

Cryftal, Fig. 1. Plate III.
Reflexion  The Ray EF falls upon the Cube of Cryftal
:E_mth‘;“' at the Point F. A Part of this Ray is reflected
Cube of from under the Surface of this Cube from F to
Cryfal. [, a Portion of it breaks even at M, as we

have intimated ; a Portion of this Ray at the

Point M is refle€ted from under the Surface of

Air from M to T, where it is broken from T

to Y, inftead of going direétly to X. Ano-

ther Portion, which it is impoffible to delineate
in a Plate, is fcattered in the Glafs. One Part
of this is loft, extinguifhed in the Cryftal ; the

L
other

I
I
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other is illuminated, and darts away from every Licut.

Point.  Sir Ifzac has obferved, that this Light, Vihratiuﬁl
fcattered in a Cube of Cryftal, is toffed like aof Llilght
Ball, as it were, between the Surfaces of the G pe of
Cube, by Thoufands of Vibrations, like thofe we Cryfal.
have admitted for the Propagation of Light.

In fine, the fame Gentleman has remarked, Accelera-
that if a Ray falls perpendicularly upon Cube E‘;;‘f;‘:
of Glafs, as from K to F, its Motion increafes pendicular
at 1ts Entrance, and is accelerated from F to H, “a‘i‘ﬁl
far from being retarded by its Rencounter with e
the Glafs, as was the Opinion of the Antients.

The Followers of Sir Ifaac Newton, in order Caufes ac-
to folve thefe Phaenomena, fay that each Particle :E;dit’;% e
of Matter is endued with an attractive Quality ;lowers of
that this Quality, tho’ immaterial, is notwith-Sir J/aac

, Neaytan.
ftanding attached to Matter, and that the more

a Body confifts of material Parts, the ftronger is
the Force of Attraétion.

In this Syftem Light is attratted by tranfpa-
rent Bodies in the fame Manner as the Load-
ftone attracts Steel-Duft. So that when a Ray,
as KE, falls perpendicularly on a Cube of Glafs,
which already attracts it, this Attraction of the
Glafs, joining itfelf to the firft Motion of Light
that is in the fame Direc¢tion, fo much the more
augments the Motion of this Ray, which en-
ters then the Glafs with the greater Velocity.

But if a Ray falls obliquely on a Cube of
Glafs, as EF, then the Attraction of the Cube,
which alts perpendicularly to its Surface, does

not
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The = not at all oceur in the fame Diretion as the
— ~ Ray, this tending to L, the Attra&ion exerting
- itfelf at H. So that the Ray being between
thefe two Powers, is forced to take the middle
Road FM.
Why the This Velocity of the Ray ‘is lefs in Water,
:"rf“ti‘::;;}; ) becaule Water does not contain: fo much Matter
is lefs inas Cryftal, and therefore has lefs of Attra@ion.
Wtter. The fame Effort of Attraction, which broke
the Ray at its Entrance into the Cryftal, breaks
-1t ftill more at its Exit ; becaufe this Attraction
exerts itfelf on all the Surfaces of the Cryftal, to
pufh the Ray towards the Surface it is neareft
to.
Caufes of A Cartefian, to account for thefe Effeds,
:_:ie ach has precifely nothing elfe to do, than to fubfti-
cording to tute the Word Impulfion for that of Attraétion,
the Carte-and to eftablith it as a Principle, that this Pro-
ey perty is produced by the Fluid which furrounds
Two Ad-the Cube of Cryftal. He will reap two Advan-
:::f%ﬁz tages over the Newtonian Philofophy, The
Newzo- firft is, that his Caufe is univerfally known and
:;;H Syl-truly mechanical ; the {econd, that it explains
~ all the Phaenomena obferved by Sir Jfaac, and
thofe even which are inexplicable by the Dotrine
of Attraction. This we are going to fee, in
continuing to obferve our Ray fallen in the Cube
of Cryftal, in Fig. 1.
One Part of the Ray FM is refle@ted from
the Bottom M of the Cube of Cryftal towards,
T in the fame Manner, as a Part of the Ray
EEF
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EF which falls upon this Cube is refletted from Licur.
E-to.Ji 5 b 2o
"The Newtonian Philofophers, to explain thefe Recourfe
two Effects, are neceflitated to affert, thar thefe ifm;];:_
Reflexions refult from a Vacuum, in Contradic- R
tion to two evident Propofitions 3 to wit, that
{mooth Surfaces refle¢t Light, and that a Vacuum
is incapable of Reflexion.
As a Proof thatit is from a Vacuum thefe
Rays are refleCted, and that Attraction is the
univerfal Mobile of Rays, they add, that in
cafe we place Water under the Cube, the Re-
flexion M T is much lefs, becaufe Water attradts
Part of thefe Rays. 1If, on the contrary, the
Air be pumped from this Cube, and there be
produced a Vacuum, the Reflection becomes
the more compleat. It is therefore the Vacuum
that is under the Cube, and the Attraétion of
the Cube, which refle¢t and render more vivid
this Portion of Ray. Now if an immaterial
Caufe reflects a Ray from the inferior Surface of
the Cryftal, why fhall not a Reflexion from the
Surface above be confequent to the fame Caufe ?
They fubjoin to thefe Reafons the prodigious
Inequalities of the fmootheft Ice, which they do
not look upon at all as endued with a Property
of refle&ting Light regularly enough for the
Formation of Images. Newsto-
The Reflexion from the lower Surface of the :::;l‘j;
Cryftal, on which the Newtonian Philofophersthe Im-

build their Foundation, is a Proof that Attrac- FL?:E“ of
. & Larse-
1100, fan;s,
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Lieur. tioh, which is their general Caufe, is nothing

Y

What At-
trattion 1s.

elfe but the very Impulfion of the Cartefians.
Attration is a Force by which 'ofe Body is
made to approach another ; and its Effect ought
to extend itfelf to; and terminate in, the Center
of the attraCting Body. But the Ray MTY,
refleéted from the Cube, is impelled a good
way beyond the Body where the Attration 1s
fuppofed to be. This Reflexion therefore is
not at all prodiced by any attracting Virtue pe-
culiar to this Body. For f{uch a Property
would carry the Ray to the Center of the Glafs,

and the Cube of Glafs would abforb this Kay;
as a Spunge fucks up Water which it feems to

attraCt. Wherefore this Reflexion is caufed by
an Impulfion, that is exterior to this Body, and
which {urrounds its Surface,

In effet, fince we fee that a Ray, which
falls upon a Glafs or upon the Surface of Water,
is reflected in Part, why may not the Ray that
has pierced this Glafs or this Water, and falls
upon the Surface of Air, be alfo refletted from
this Surface ? If one pumps out the Air; the
Reflection becomes the ftronger. From whence
I conclude, that there remains ftill under the
Cryftal, a Matter, which its Subtilty and Mo-
tion render more proper to repel Light; and
that this Repulfion is not at all the Effect either
of a Vacuum, or of Attration.

The impelling Force of a furrounding Fluid,

which under the Cryftal is very capable of re-
pelling
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pelling Light towards the Cube of Glafs, and Licar.
beyond the Cube, will not lofe any of this ¥ —
Power on the upper Surface of the Cryftal :
and it is this impelling Power which we have al-

ready affigned as the Caufe of Refra®ion, and of
the Velocity of Light.

As to the Refle@tion of a Ray from the Sur- Light is
face of the Cryftal, which the Newtonian Philo- “ﬂ:ﬁz"‘:ﬁ
fophy attributes ftill to a Vacuum j it is evi-ni;l Mat-
dent both to Reafon and our Senfes, that it re-;:f::f Bo-
fules from the very Matter of the Cryftal, and“™"
not from a Vacuum.

The Vacuum is a Space intirely formed for proved.
the Reception of Matter, and no Ways capable
of refifting it, or of reflecting it. M. I’Abbe
des Fontaines * and Bannieres T have folidly
proved its Impotence in this Refpect. Buc
I do not know whether what a Gentleman of
great Penetration, Monfieur de Poltaire, has de-
livered on this Head in the 140th Page of his
Elements, is not ftill a ftronger Proof againit
the Newtonian Syftem. < The inherent At- Yoltaire's
* traction of Matter, fays he, is not at all ex-Sentiment.
¢ tended to the whole.—The Myftery of Light
“ reflefted from amidft Pores and from Sur-
faces, without touching thofe Surfaces, has

Depths that are unfathomable by the Laws
¢ of Attraltion,”

cL

te

In

® Oblerv. fur les Ecrits des Modernes, Tom. 15 and 18,

1 Examen & Refutation des Llemens de |a Philofophie de
Nezvton, &c.
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Licar.  In effedt, it would be here in vain for thofe
“~? Gentlemen who adhere to Sir Ifazac Newton’s
Principles, to call in Attraétion to their Aid.
This Force, whatever it be, ats perpendicu-
larly to a Cube, and towards this Cube. It
cannot therefore repel Light from thence ; and,
confequently, cannot produce this fuperior Re-
fle@tion, which is in a contrary Direction to its
Aéion. It is neither a Vacuum, nor Attrac-
tion, that produces the Reflexion of Rays.
This Reflexion therefore proceeds from the ac-
tual Matter of the Glafs.
Refuta- In the mean while fome Naturalifts, dazzled
tion of the by that Philofopher’s Experiments, and frighted
$§f,ff$g at the fame Time by his Syftem of a reflecting
fubftituted Vacuum, have hammered out a third Opinion,
:Eel';}‘ﬁ;f a Sort of a Medium between the other two.
wnian  They agree with the Newfonian Party, that
Vacaum, Light is not refle¢ted from under Bodies ; but
they pretend it is from under a Fluid, with
which the Body is impregnated, and forms upon
this Body a kind of Varnith *. To deliver my
own Sentiments, this Bed of Varnifh ferves only
to cover the Vacuum and the Miftake of Sir
Ifaac Newton 3 for it cannot ftand the Teft of
a Counter-Examination, difappearing on pro-
ducing the leaft Proof againftit. Nor is the
Reflexion of Light affignable to any other
Caufe, than ecither to the Pores of Sir Ifaac, or
the Matter of Des Cartes, and all real Naturalifts.
Monfieur
® Monf. De Mairan, Journal des S¢avans, 1719.
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Monfieur Bannieres, and fome others, com- Licar,

pofe this Varnith with Light itfelf. According m
to them, this kind of Light takes up its Abode Monfieur
in the Pores of Bodies, is the Property of each f;z:’”"” .
Body, and forms for it a Sort of Atmofphere.
It is red in red Bodies, blue in blue, ¢, and a
Body is not red for any other Reafon than be-
caufe it is full of this red Light; which on
Account of the Analogy refleéts only red Rays,
and extinguithes others.

: But, in my Opinion, this Analogy n?ui’c Pre- pefed.
cifely hinder red Light from reflefting red
Rays. I fhould imagine, that thefe two Lights,
being of the fame Nature, would be rather united
and attracted, as Oil is joined to Oil, and feems
to attract it.  So that thefe Philofophers would
feem to me to have a better Foundation, did
they make this Analogy fubfervient to a kind of
Attraction that difplays itfelf in Refraction, and
not fubfervient to Reflexion. Becaufe thefe Ef-
fe€ts being oppofite, their Caufes of Courfe
ought not to be the fame.

Again, from whence comes it that a red
Body is impregnated with red Light, rather
than that of another Colour? The Reafon is,
they will anfwer, becaufe the Configuration of
its Pores, or its Texture, is more fufceptible of
receiving red Rays. But if this Body received
red Rays, the Vibrations of the red Rays exte-
rior to the Body, would penetrate it, fink the
red Rays that already quietly fill the Pores, and

H would
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Lieat. would chafe them from thefe Pores by the fame
===~ Vibration which they have in a greater Degree
than thofe Rays. 1In fhort, a corporeal Tex-
ture, proper to abforb or let pafs red Rays,
will never be endued with a Faculty of ftopping |
and reflecting them : Such a Body therefore will |
not appear to us red., |
If the Texture of a Body does not ftop, or |
reflect, the exterior Rays, it will neither be able:
to retain the interior, which you fuppofe agita-
ted by the exterior. And if the interior Rays:
are not retained by the Texture of a Body, they:
'will be influenced by the external Rays, and un-
able to repel or reflect them. If, on the con-
trary, you fay that they reflett them, you
muft allow that thefe internal Rays are re-
tained in the Texture of the Body, and the:
Subftance of 'this Body is their fixed Point.
Now if the Body be the fixed Point of internal
Rays, 'why may it not alfo be that of the

external ? _
If therefore you would have the Texture of a.
red ‘Body conftitute the firft Principle of its:

Colour, it is a ‘fhorter Way of going to work,,
to fay, at once, that it is done by refleéting thc
red Rays by its proper Subiftance, without re- |.'
curring to the contradi€tory Circumlocution of
Pores, which abforb the red Rays, to make
them f{ubfervient afterwards to the refleting ¥
Rays all of the fame Nature. For, in the Sup-
polition of a proportional Agreement, between
the
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the coloured Globules, and the Texture of the Licur.

Body, there is a mutual Contaét. If there be a
Contaé, there is neceflarily a Reflexion of the
. Globules, which could not be admitted, and an
Introduétion, Tranfmiflion, or Extinction of
the others. In this Cafe then it muft be abfo-
lutely granted, that thefe are the Rays reflected
from the very Subftance of the Body, which
convey to our Eyes corporeal Images, together
with the Colours, that are peculiar to them.

In fhort, were it not the Matter itfelf of Bo- Corporeal
Matter re-

dies which reflects Light, from whence comesg o

it that the hardeft and the {mootheft MeralsLight.

fhould reflet more Light than porous Sub-
ftances, and Surfaces rough and uneven ? Thefe
laft Bodies have more Pores, a larger Vacuum,
and more Varnifh, and confequently more Places
to refle&t Light from, according to Sir Ifaac
Newton, and his reformed Difciples.

The Difficulty ftared from the Inequalities of
the Surfaces, is not a material Objection. Thefe
Surfaces, in refpect of the luminous Matter, are
only a Texture of Mounds and Hollows. This
we are agreed in. The whole of the Light
cannot be refleéted from thence regularly, that
is to fay, in the fame Direction. We agree
farther, and believe this Irregularity to be abfo-
lutely neceflary for the Perfection of Vifion, or
the Acion of feeing.

To view one’s felf in a Looking-Glafs, it is

not at all requifite that all the Rays refle¢t them-
15 : felves
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Licur. felves in the fame Direftion ; it is enough that
they are refleCted fufficiently towards our Eyes
to form an Image. When I behold myfelf in
a Glafs, a thoufand Perfons, difpofed in diffe-
rent Places, may have a fair View of me at the |
fame Time. Therefore my Image muft occur
i thefe thoufand Points of Sight. The Glafs |
then reflets the Rays, which it receives from |
me, in Thoufands and Thoufands of different |
Directions,

Thefe Inequalities of Direftions proceed both
from the Inequality of my own Surface, and
the Inequality of the Surface of the Glafs, Thefe
Inequalities are confequently neceffary for the
feeing an Object in fcveral Places at once. If a
Looking-Glafs could be procured polithed to
fuch a Degree as to be void of any manner of
Inequality, and able to refle@ all the Rays in
the fame Direftion, there would be but one
Line of Direction, and the Image refleted
could only be feen in this fingle Line ; or
rather nothing would be feen, becaufe this Re-
flexion of Light would be too ftrong and lively.
The fame Inconvenience would happen, were
Light refleCted from beneath the Surface of
Bodies without touching them, that is to fay, by |
the Vacuum, or the luminous Varnith ; inaf-
much as neither this Vacuum or Varnith have
{cemingly any Inequalities. |

Smooth Bodies differ then from others, net be-
caufe they have no Inequalities, but by reafon they

have
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have fewer, ‘Thefe Inequalities are Mountains Licur.
very clofe to one another. They refleét Light —
from all Parts; but their Tops being almoft
contiguous, and at the fame Time very {mooth,
the Portion of Light which they refle®t is ex-
ceeding lively, becaufe it is confiderable, and
the Reflexion of it regular and uniform,
Thus when you make the Sun dart upon a
Looking-Glafs, the Flathes that rebound from
it at an equal Angle, are only produced by the
Rays reflected by the Summit of the Inequali-
ties or Rifings of the Glafs, to which perhaps
‘are joined fome Rays from the Bottom of the
Hollows. All the Remainder of the Light, or
‘of the Images, which this Glafs diffufes around,
refults from refleted Rays, and perchance re-
fleCted more than once, on the Sides of thefe
Rifings.
- Thefe two kinds of Reflexions are obferved
in all fmooth Surfaces. For Inftance, in 2 Pifture
in Oil-Colours, the Point of the dire& Reflexion
1s termed a falfe Light 5 becaufe this great Re- Falfe
flexion hurts the Sight, and is an Impediment to Liigii:’h
our diftinguifhing the indire® Reflexion, which g
prefents in a fofter manner the Image of the Ob-
ject : The rft Reflexion is unifcrm, the fecond _ ;
has infinite Varieties. é’iﬂtgf“
‘The bounding about of Light abforbed and Vibsations
Ecattcre—d in the Cube of Cryftal, and the Vibra-2Mong the

: ; : ; : 5 Surfaces of
tons in Proportion to which arifes this extraor- the Prifm,

inary Agitation, are moreover Pheenomena® | feat-
= ' tered a.

H 3 that round,
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Licut. that are inexplicable by Attraction, and to ac-
count for which, Recourfe muft be had to Im-
pulfion. It is this Light, abforbed by the Spe-
culum, and by Prifms *, and fcattered around,
which forms the Penumbra, or Shade, that fur-
rounds and confufes the Image which paffes
thro? thefe Glaffes; and it is in order to extri-
cate the Image from this Confufion, and to ren-
der it more diftin, that Diaphragms + are ap-
plied to the Glaffes of Telefcopes, and black
Paper is wrapped round Prifms, when we make |
Experiments.
Thefe Pheenomena proceed from two Caufes, |
viz. the RefleGion of Light in the folid Sub-
Refrin- ftance of the Cryftal, and the refringent Re-
ﬂ:g:mm"ﬂeﬁmﬂ, that is to fuy, the Reflection produced
by the Fluid that {furrounds the Cryftal.
Pores in WV hatever numerous and ftrait Pores may be.
the Cryl-fyppofed in the Cryftal, the Reflexion, which
a5 Light fuffers cn the Surface of Glafs, is a De--
monftration that it ftrikes againft its Matter in
pafling through it, and that it {uffers alfo from
the Reflexions in the Infide of its Subftance.
This is fufficient, in Conjunction with the Di- |
verfity of fmall refleCting Surfaces, to fcatter 31
Part of thefe Rays in the Cryftal. One Portion !
of thefe fcattered Rays will remain abforbed and
extinguifhed in the Cryftal, another will fly off
from |
* A Prifm is a folid triangular Glafs. jl-
+ A Diaphragm here is a Ring of Pap r. &
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from every Part of it, and Occafion the confu- 1o
fed Light I have been mentioning. | i

By fuppofing an Impulfe,round aCube of Glafs, Caufe of
capable of repelling Light, that can have but E;i;‘:f:;.
one determinate Force, and one certain Direc- Light.
tion, we cafily comprehend, that among the
Rays which have paffed through the Cryftal,
whether dire@ly, or after fcattering themfelves
in it, and which have a natural Tendency to
darting from it, we may cafily fuppofe, I fay,
that there is an Infinity of them too feeble to
get the better of the furrounding Impulfe. In
that Cafe this Force repels thefe Rays, diffufes
them afrefh in the Cryftal, and difpatches them
to another Surface, which they will pafs thro’,
if their DireQion is not fo oblique, but that by
it they will be a fecond Time repelled, in
cafe their Force be inferior to that which fur-
rounds them. It is the Reafon likewife why
thefe Surfaces repel reciprocally the wandering
Rays, and fcatter them partly in the Cryftal,
partly in the neighbouring Air. Such is the
Caufe of the fingular Reverberation of this
Light.

The Fluid which receives thefe Imprelfions
of Light, and returns thofe reciprocal Impul-
fions, is elaftic. Thefe alternative Sallies of
Light muft confequently be produced by Ac-
ceflion and by Vibrations, as Sir Jfaac Newion
has obferved. Belides, all our Philofophers

. H 4 hold,
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Lreur. hold, that Light confifts in the Vibrations of
Lightcon-luminous Matter, as Sound is formed by the
fifts in Vi- Vibration of the Air. * So that Sir Ifaac’s Obfer-

brationsof __ . . '
lumineus Yaton ferves only to give ocular Demonftration

Mateer.  of the moft generally received Syftem.
The great Newton was fenfible of all thefe
Confequences.  He has acknowledged in all
Infufiici- this the Infufficiency of his Attraction. He
e ftfm had made Preparations for Experiments in Refe-
rence to this Subje®, which he had not Time
to execute.  Thole which he accomplifhed gave
him an Occafion of forming a Train of Ideas
and Conjectures ; where one finds already a
Subtile, Athereal, Matter, which fills the Hea-
vens, and the Vacuum of the Air-Pump, and
whofe Denfity, Elafticity, and Vibrations being
greateft at the Circumference, but lefs towards
the Center of the celeftial Spheres, impel, urge,
and prefs Bodies towards this Center, and, in
fhort, produce that famous Gravitation, which
1s no longer an immaterial Attra@ion, and the
celebrated Reflection of Light, which refults no
more from under the Vacuum. It is very
perceptible by thefe Expreffions, that a longer
Life, and a greater Number of Experiments,
would have rendered Sir Ifzac Newton a com-
pleat Cartefian. He fearched finicerely after
Truth, which would infallibly have condu&ed

him to Impulfion, and its Mechanifm.

¢ Tbe
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| Licnr.
The Mechanifm of IMpPuLsion fubflituted ¥
in the Room of ATTRACTION, in order
to explain all the preceding Pheenomena.

E have hitherto fubftituted Impulfion
for Attration ; but Impulfion is a bare
Term. Shall we then incur the Cenfure fo
Juftly imputed to the Newtonian Se@ ? It is an
inconteftable Point, that the Impulfion of a [ur-
rounding Fluid extends itfelf a great deal better
than an Attradlion that is immaterial and inberent
in Matter. But this detter is ftill no ways fatis-
factory to a true Philofopher. He requires Me-
chanifm. He knows very well that a Body is
incapable of being moved without being im-
pelled by fome other, and, confequently, that
all Mogtion is caufed by Impulfion ; but he
would fain be acquainted with what particular
Kind of Impulfion. We have hitherto talked
of the Impulfion of a furrounding Fluid. It
is an eafly Matter to conceive that all Bodies
are encompaffed with a Fluid. But one does
not difcern, at firft Sight, how this furrounding
Fluid can, in certain Cafes, impel a fmall Body
towards one of greater Bulk : It is this Mecha-
nifm I am going to explain. '
A folid Body differs from a Fluid, inafmuch Mecha-
as the former is compofed of Parts that have nifm of
e : : . Impulfion
an ntimate mutual Contalt in certain Points,
and keep one another reciprocally in a State of
Ination.
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Licur. Inaltion. A Fluid confits of {mall Parts,

which, on the contrary, are difunited among

themfelves, and in continual Motion. ‘This

. Motion, which conftitutes a Fluid, I call an

i’}:ﬂ;ﬁf Inteftine Motion. He whofe Imagination would

what.  be determined by the Senfes, will form a grofs

Image, tho® natural enough, of inteftine Mo-

tion, from that of Atoms which one fees flut-

tering up and down in a Ray of the Sun, when

it penetrates fingly into a Room fomewhat

darkened : This Motion is in every poffible
Direction.

A like Motion being fuppofed in Fluids, it
muft be allowed, that the Bodies they furround
are of Courfe atted upon, in all the Points in
Contaét with them, by an infinite Number of liccle
Impreflions, refulting from their agitated Parti-
cles. Thefe Impreflions conftitute the Principle
on which Fluids a&, and the Bafis of the Me-
chanifm of almoft all Phyfical Pheenomena.

Force, in Force, in general, is the Produ& of the Quan-
general. ity of Matter, and its Velocity, or the Square
of its Velocity. So that all the active Force of
a Fluid depends on the Quantity of its inteftine
Motion, the Number of agitated Particles, and
their Quantities, But without Motion all other
Modifications are of no manner of Efficacy.
Gun-powder acquires no Force, but in Propor-
tion to the Motion that is communicated to

its Principles by Fire,
Ethereal
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Fthereal Matter, in which all Bodies float, is Licar.
furnithed with all the Requifites to make Epereal
a powerful Fluid, wviz. fubtile, numerous,Matter.
folid, and brifkly agitated Particles. I call, in
this Place, by the general Name of Ethereal
Matter, all the Species of Matter of greater
Subtilty than Air, whatever may be their Num-
ber and Diverfity, Thefe Principles, thus far,
are but little different from thofe even of Sir
Ifaac Newton 3 but 1 mean the Newton, form-
ing reafonable Conjectures on the Caufes of Ef-
fects, Newton, the real Naturalift, and not a
Man confined to mere Obfervations, mere Cal-
culations. .

" The Ethereal Matter, I have been fpeaking
of, penetrates the Pores of Bodies in fome mea-
fure as Light penetrates Glafs. Now Light,
notwithftanding this Facility, ever ftrikes upon
the glafly Surface, as is demonftrated, by fim-
ple Reflexion, It meets again with a like Im-
preflion againft the internal Particles of Glafs,
when it pierces it ; and it is owing to this Im-
preffion, that it is partly abforbed and extin-
guithed in the glafly Subftance, and that of
other Bodies ; that is to fay, that one Part of
Light is there deprived of its Motion. In like
manner, altho’ Ethereal Matter enters without
any Obftruétion the Pores of all Bodies, it fuf-
fers neverthelefs fome Kind of Shock againlt
all the Particles of Matter of which a Body is

compofed.
One
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Licur.  One may draw feveral important Confequences
==~~from thefe Principles ; but I am obliged to
confine myfelf in this Place to fome of the
moft confiderable.

Ethereal Matter meets with Shocks in corpo-
real Subftances. Therefore in that Cafe it muft
neceffarily abate a little of its Motion, and of
courfe a fmall Matter of its Force. The Parti-
cles of this Fluid in Contaé with the Surface of
the Body, undergo the fame Impreflions, the
{ame Diminutions of Motion and of Force.
This Portion of Fluidity confequently has lefs of
Action and Energy, than the Particles that are
at a greater Diflance from the Body. There-
fore the Ethereal Matter that furcounds the
Body, not in Conta&t with it, has more of
Action and more Force, than that which pene-
trates it, and holds it in an immediate Contact.
On which Account, Matter placed between
thefe immediate Particles and thofe that
are more exterior, and which will receive
their Shocks, will be under a Neceflity of giv-
ing way to the more powerful Impreffions of
the exterior Particles, and will be impelled by
them towards the Body, where the Aétion of
the Fluid is in a lefs Degree. So that this agi-
tated Matter will appear attratted by the Body,
altho” in reality it be impelled by the Fluid that

. furrounds it.

This
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This Impulfion will a& parallel to the Per- Licur.
pendicular of the Surfaces : for they are the Sur-m
faces themfelves of the Body, which prevent Attragtion
the Refiftance found towards the Body, and fgstﬁ”il;
which conftitutes the attractive and preparatory Perpendi-
Principle of Impulfion. The exterior Cﬂlumnsgﬂf*fﬁ:‘h“
of Air, where the impulfive Force refides, are
likewife parallel to thefe Surfaces. The Impul-
fion therefore is itfelf parallel to the Surfaces,
and equal in all the Points that are at an equal
Diftance from the Surfaces. Therefore a Body:
entirely fubjeéted to fuch an Impulfe, will be in an
Equilibrium amidft the Forces that furround it,
according to the Parallel of the Surfaces, It
will of courfe be conduéted by their Impulfe,
without inclining either to one or other of thefe
Forces fituated in the plain Parallel to the Sur-
faces : Confequently this Body will be impelled
- perpendicularly to thefe Surfaces.

When a Ray of Light falls on the Surface of Accelera-
a Cryftal, it is found placed in the Column of"i"‘r" ﬂfd'
the Ethereal Fluid, that is in immediate Con-zlalﬂ]a;_
tact with the Cryftal, and has the leaft Force of
any, as we have feen. This Ray therefore is
found freed from all the fuperior Force of the
exterior Columns of the fame Ethereal Fluid, to
whofe Impulfe it muft of Confequence more or
lefs give way, towards the Perpendicular whither
this Impulfe tends, and accelerated if it follows
this Direction,

It
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Licut. It is by means of this Mechanifm, that Light,
&= which feems attra¢ted by the Glafs to which it
is expofed, is a&ually impelled by the Fluid
gl}ixﬁ which furrounds this Glafs *. It is by this Im-
D pulfe, that this fame Light is there refratted, or
turned from its Road, when it pafes it obliquely,
as we have feen. It has alfo been obferved, thar
the Refraction is by no means made in the Sub-
ftance of the Glafs, but that the Ray is broke
Refraftion before its Entrance into this Subftance 1 ; that
;’ﬂ’:ﬂ:ﬁ‘:is to fay, at the Approach nf: the ?urface, or in
into the the firft Column of the Fluid which furrounds
Glak.  j¢, In effe, were Light refracted in the glaffy
Subftance, it would defcribe a Curve ; becaufe
this Refrattion being in that Cafe made fuccefs-
fively by all the Parts of this Subflance which
it traverfes, there would be a Neceflity for each
of thofe fucceffive Parts to imprint on the Ray
its fmall particular Refraltion : which in the
whole would caufe the Ray to make a Series of
infinitely fmall Refra@lions, or a Train of infi-
nitely {mall Angles, and, confequently, a Curve,
Whereas in the Suppofition that Refraction is
made in the firft Column of the Ethereal
Fluid that is in Contact with the Surface of the
Cryftal, we muft conclude, that from the
Entrance of the Ray into the Pores of the
Cryftal, after its Refraction, it follows in a direct
Line,

* M. de Poltaire, Lib. Citat, p. 107.

+ Ibid. p. 1o1.
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Line, the Determination given it in this firft Lissr.
Column. Sy

But why does Glafs abforb Light rather than
any other Matter ? It is becaufe Glafs has Pores
precifely formed for the Admiflion of I.ight s
- and that the kind of Ethereal Matter which
more abundantly penetrates Cryftal and other
tranfparent Bodies, is alfo that which is more
proportioned for its Rencounter with luminous
‘Matter,

All Bodies in general have their attractive A1l Bodies
Force, inafmuch as they are all penetrated with E?;:tﬁ:ﬂ
Ethereal Matter, and furrounded with a pow- Fyrce.
erful Fluid. If I prefent a Curtain-Rod, a
Stick, a Straw, to a dripping of Water
falling perpendicularly, this Water will deter-
mine itlelf to the Body I prefent to it, and
will glide all along this Body at a confiderable
Diftance from the Perpendicular,

The other Pheenomena of powerful Attrae-
tion, as that of the Diamond, Amber, Sealing-
Wax, ¢ are accounted for by the fame Me-
chanifm, and by the Proportion we affigned
for the Refra@tion of Light. All the Diffe-
rences, in regard of thefe Attractions, confift in
the Diverfity of Pores, of the Kinds of Ethereal
Matter, and of the Kinds of attraéive, or rather
impulfive Matter, which is looked upon as at-
tractive, 'What Body is there that is not now
found to be eleérical, or attraétive? Friftion and
Shocks are the Means of rendering a Body elec-

trical ;
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Licur. trical 5 becaufe a greater Degree of Motion is
"'"“""""thcreby communicated to it, and confequently
more Force to the Fluid which penetrates and
{furrounds it. |
In fhort, this Impulfe of the Columns of
the Ethereal Fluid furrounding folid Bodies, is
not only the Caufe of Refration, but alfo that
of all the Pheenomena attributed to Sir Ifaac
Caufe of Newton’s Attra@ion.  The very Gravity of
f’:iﬂ:lﬁﬁ: Bodies, the Ebbing and Flowing of the Sea, the
Phano- [amous Gravitation of Sir Ifzac, are fo many
mena of Effefls dependent on the general Principle I
A e b Eghtly touching on. .
The fecond important Confequence I draw
from the Shocks of Ethereal Matter againft
corporeal Subftanccs, is, that the Effeéts refult-
ing from it are in a dire& Ratio of the Quan-
tity ; that is to fay, thefe Effecls are proportioned
to the Bulk of Bodies, like thofe of Sir Ifaac
Newtow’s Atraétion. For Inftance, Water
loaded with Salr, breaks Light more than a very
thin limpid Water. A Cryftal, or a Diamond,
caufes a greater Refrattion of Light than the
moft ponderous Water ; becaufe this Cryftal is
a greater deal heavier, or contains a much larger
Quantity of Matter, than a like Body of Water.
This is the Mechanifm of the moft confide-
rable Refraction.
As all the Pores of Bodies are fupplied with
Ethereal Matter, there is not a fingle Particle of

a corporeal Subftance that is not in Contact
with

.__._ ______ _
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with this Matter. The Effe&t that will refult LicHT.
- from this Conta, will therefore be proportioned '
to the Quantity of thefe Particles. The Quan-
tity of thefe Particles, is what confticutes the
Gravity of a Body. Confequently this Ef
fect will be proportioned to the Gravity of
Bodies.

So that the Impulfe, or Motion, a Body will
receive by the Action of the Ethereal Fluid,
will be fo much the more confiderable, the
more Subftance that Body will contain, and the
greater fhall be its Gravity. It is in this Pro-
portion, that the Action of this Fluid produces
the Gravity of Bodies.

In like manner, the Shocks of an interior
Fluid againft a corporeal Subftance, where it

- refides, will weaken the A&ion of this Fluid
againft this Body, in Proportion as the Number
of thefe Shocks fhall be more or lefs confider-
able. Thefe Shocks are proportioned to the
Quantity of the Subftance. The Diminution of
the Force of the interior Fluid will be therefore
proportioned likewife to the Quantity. But the
Superiority of the exterior Force of the Ethereal
Fluid, is by fo much the greater, as the inte-
rior Fluid is weaker, or has more of an attrac-
 ‘tive Difpofition. Conlequently, this Impulfe,
. which furrounds Bodies, is ftill proportioned to
. this Gravity,

I By
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Licur. By this means Impulfion acquires all the Ad-
b 3 :
Impulfion Vantages of Newtonian Atrrattion ; and the ter-
no Waysrible Objection of that Philofopher vanifhes;
inferior to : - :
Attraction WhO pretends to demonftrate, that an Impulfe
cannot act, but in relation to the Surfaces j
whilft all the Pheenomena; for which he has in-
vented Attraction, difplay themfelves relatively
to the refpective Bulks. This is what he has
tacked to his Attraltion inherent in all the
Particles of Matter. But it is evident; that
Impulfe has the fame Advantages, without in-
curring the Abfurdities of Attraction. It has;
befides, this additional Excellence, that it ac- |
counts for a greater Number of Pheeno-
mena. ‘
The general Rule we have juft eftablithed |
for the Artraction of Light, proportioned to
the Gravity of Bodies, fuppofes that the Parti-
cles which compofe the Weight of Bodies, are
of the fame Nature. But; if this Weight
fhould be found confifting of Particles properer
to embarrafs the Motion of the Ethereal Mat-
ter comprehended in the Body ; then this Mat-
ter, being more relaxed and weakened, would
occafion a greater Superiority of the exterior
Columns, and confequently a ftronger Impulfe, |
This Body therefore might, with a lefs Gravity,
be endued with as great, or a greater, Degree !
of Attraction, than another of more Gravity,
Now this is atually the Cafe, as to Matter
compofed of Particles in Motion, as Fluids.
are,

1 5
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_are, becaufe thefe Motions produce more power- Lysat.
ful and more frequent Shocks againft the Ethe-

real Matter, which penctrates thefe kinds of

- Bodies. For Example, Water, tho’ of lels
Gravity by a great deal than Cryftal, refracts

Light but a little lefs than that does. Confe-
quently, Water, in regard of its Denfity, re-

fratts Rays more than they are refrafted by
Cryftal, .

Among Fluids, thofe which are furnifhed
with a good ‘deal of Oil, Sulphur, and volatile
Particles, are capable ftill of a ftronger Refrac-
tion ;3 inafmuch as the Ethereal Matter is more
tompact, more embarafled by the Parts of Sul-
phur, and more powerfully agitated by the vola=
tile Particles with which this fulphurous Matter
is penetrated. It is the Reafon why Spirit of
Wine produces a Refrattion as ftrong again as
that which refults from Water, tho’ the Denfity
‘'of Water be far more confiderable.

Were there folid Bodies compofed of Parts
as different from one another, as thofe are which
conftitute Water and Spirit of Wine, we fhould
find, in refpect of them, the fame Difference of
Refrattion, For Inftance, Amber, of much
lefs Denfity than Cryftal, refracts more ftrongly
than Cryftal, in regard to its Denfity ; becaule
Amber confifts likewife of a Compofition of
Parts proper to caufe an additional Embaraffment
to the Ethereal Matter which penetrates it.

I 2 Another
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Another peculiar Property of impulfive At-

V=" traction, which I fhall alfo endeavour to ex-
plain, is, that this Attration is increafed not

only in Proportion to the Gravity of Bodies,
buc ftill farther, proportionably to the Minutenefs
of them. A fmall Piece of Cryftal attratts
Light more forcibly than a larger : The Rea-
{on of it is this.

The Attra&tion on the Anvil is produced by
an Impulfe of the Ethereal Fluid, which fur-
rounds corporeal Surfaces. This impulfive

Force will be therefore proportioned to thefe
Surfaces. Now the Proportion of Surfaces is -

greater in {mall Bodies, or, what is the fame

Thing, {mall Bodies have more Surfaces in re- -
gard to their-Bulk, than great ones have in re- -
{pect to theirs. The exterior Columns then of
the Ethereal Fluid, where the impulfive Force
refides, will have a greater Extenfion, more -
Points of Conta&, and, coxfequently, more In-

fluence over fmall Bodies, than over large ones,
Therefore the pretended Attrattion of thefe

{mall Bodies muft neceffarily be ftronger, than -
that of the large ; as.Sir Jfzac Newton has alfo +
obferved, without being able to account for .

1L,

This new Ratio of Surfaces does not at all
deftroy that of the Bulk of Bodies, which we .

have been eftablithing. That of Surfaces is de-

rived directly from the Quantity of the impuh’e, i
which furrounds the Body, or from the intrinfic
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Value of this Impulfe. The Ratio of the Licur.
‘Bulk of Bodies, is taken indireétly from the“="v~
Impulfe ; but dire¢tly from the Weaknefs of the
Fluid, that is within the Body ; by reafon of

wiich Weaknefs, the Force of the furrounding
Impulfe increafes refpectively, altho’ its intrin-

fic Value be ever the fame.

COLOTR'S.

OLOURS are either Modifications, orThe Na-
|C actual Parts of Light. They are Modifi- t“;fﬂuii
cations of Light according to the Cartefians, according
'who hold, that the Diverfity of Colours depends“’mfg
on the manner of Light’s being reflected by cor- ;
poreal Subftances. They are Parts of Light,
according to the Dottrine of Sir Ifasc Newton 5 According
who imagines that Light, or white, is a Com- *;‘f;rﬁm:
pofition of feven Sorts of Rays, wviz. red,
brange, yellow, green, blue, indigo, and vio-
let : and that thefe Rays, or Globules, the
Principles of the feven Original Colours, are
analterable.  So that, according to him, each
—olour 1s infeparably attached to each of thefe
dpecies of Rays. And a Body is ftiled red,
when it reflects red Rays or Globules, and when
t abforbs, or extinguithes, others. It is called
Plue, when it folely refletts blue Rays, or at
eaft blue Rays in greater Number than all the
reft ; and fo of other Colours. In fhort, a
i!udy appears white, when it refleéts all the feven

g 5 Kinds

|

|
|
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Kinds of Rayé at once. If, on the contrary,
a Body abforbs and extinguithes almoft all the
Rays, it is termed black ; if it gives free Ad-
miffion to the greateft Part of the Rays, it re-
ceives the Appellation of tranfparent : if it per-
mits nene to enter it, without extinguifhing one
Part, and refletting the other, it is named an
opaque Body.

We have feen how Rays are reflected from
under a Body ; how they pafs thro’ it ; how
they are there refratted. The Extinftion of
Rays is a C{}mpuund of all thefe Effects. A

Kay is extinguifhed in a Body, when it pene-

trates it [0 as to be refracted in feveral different
Directions, in the heterogeneous Subftances tha&
coripole all apaque Bodies ; to be reflefted m
the hollc}w Pores of thele Bodies, and there al.;
lafl to lofe its Motion. A Ray paffes acrofs a
Body, when this Body is fo thin, that it is not
of fufficient Subftance to ftop it in its Pnres,!,
there to refract, reflett, and extinguifh it
Such is Ifinglafs, thin Horn, &c. A Body,
tho’ of Denfity, is neverthelefs tranf'parenr,;

when it has Pores every way difpofed for thcﬂ

Paflage of Light. Of this Nature is Water, 3}

Cryftal, &,

Sir Ifaac Newton {ays, that a red Body 15
that which reflects red- Rays. In the mea Y,
while a red Glafs appears fuch, not ﬂnly :5'.
the Point of RefleCtion ; but likewife m
tranfparent Par:s, and even colours the

. w;th i

'
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with red, thatare behind it. 'We ought then to Colours.
fay, that red Glafs extinguifhes all other kinds =V’
of Rays, and that it reflefts, and allows a Pa-
flage only to, red Rays.

But, according to this Principle, if I put two
Glafies together, one blue and the other yellow,
I ought not to find behind them any Colour at
all. For the blue Glafs, which I fuppofe be-
fore, will have extinguifhed all the Rays, ex-
cept the blue 3 and the yellow Glafs behind will
in its Turn extinguith the blue. So that there
will not be a fingle Ray behind, and, confe-
quently, all will be black. I am taught never-
thelefs by Experience, that thefe two Glafles
thus jomned, refle&t on their back Part a green
Colour, compofed of two others, blue and yel-
low. Confequently, thefe Glaffes do not extin-
guifh every kind of Ray, that is not of their
own Colour. Whence we fee, that this Syftem,
tho? very fatisfaCtory and almoft univerfally
received, is not however without its Diffis
culties,

Therefore, when we talk of a red Ray, we
do not mean that this Ray is actually co-
toured with red ; but only, that this kind of
Globule is made in a manner proper to excite.
in our Eyes the Senfation of a red Colour. In
a Word, this Ray is not red, but the Agent or
Caufe of the Senfation of Red.

The Followers of Sir Ifaac Newton, if we
may. believe them, tell us, that this Senument is

i I 4 not
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Colours. not a Syftem, but a natural Hiftory of Colours :
wherein Sir Jf2a¢’s Imagination has had no other
Part, than the Invention of Experiments proper
to demonftrate thefe Properties of Light : That
he has no where afferted, that Light or a white
Ray was compofed of the Principles, or feven
primitive unalterable Colours ; that when he had
divided by the Prifm a Ray into feven Colours,
and having put each of thefe Rays to the
fame Proof, he was convinced, that thefe pri-
mitive Rays were indivifible, unalterable, and,
confequently, the Principles of Light and of all
Colours : In the fame manner as Anatomifts
regard the {imple Fibre as the Element of all the
Parts of our Compofition ; becaufe this Fibre is
the ultimate T'erm of their Diffections. .
The Inftrument Sir Ifaac Newton made Ufe 41
of to diffect Light is the Prifm ; and the diffe- i
rent Refrangibility of Rays is a Sort of cellular q'*‘.-;
‘Texture, or Interftice, which condu&ed him to 4]

-~ diftinguifh each of thefe Species of Rays. - il
Experi- Lt a Ray of the Sun enter a dark Room ; re- |
ments of ppjve g JE . - |
Sir Tfane CCIVE it upon a Prifm, It will refra&®, and give

NewtawonyOu at the lower End of the Room an oblong
Light. | Image,” P,/'T. fig. 11" P11V made up of
feven Rings of Colours of great Beauty ; to wit,
(beginning from below) a red Ring, an orange-

coloured, a yellow, a green, a blue, an indigo,
and a violet.

In the mean while the Ray of the Sun you
receive upon the Prifim is a white gilt, And if
you
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you reccive it a fecond Time on its Exit, from Colours.
the Prifm and intirely againft the Prifm, that is
to fay, previoufly to its Divifion, you will find
it ftill very white, Even when it is divided into
feven Colours, if you receive it upon a Lens,
M, N, fig. 2, and put a Piece of Paper to the
Focus G of the Lens, in order to receive all
thefe Rays centered in a fingle one, you will
farther difcover this Ray to be altogether white.
In d, ¢, and s, e, you have the feven Colours ;
butins, e, they are in a reverfed Order, by rea-

fon of the Increafe of the Rays produced by the
Lens.

If you intercept any one of the feven Colours,
whether in X, Y, here, or in d, e, there, of
the Lens with the Teeth of a large Comb X,
Y, or any other Body, the white or intire Ray
G will ceafe to be white, and will be of the
Colour compofed of the Rays that are fuffered
to pafs. For Example, if one intercepts the
violet Colour, the purple, the blue, and the
green, the remaining Colours, viz. the yellow,
the orange, and the red, will produce in the
Focus G of the Lens, a Ray intirely of an orange
Colour, If the red and the violet are inter-
cepted, the whole Ray G will become a fort of
green. When thefe intercepted Rays are per-
mitted to pafs, the white is immediately re-efta-
blithed. Light or the white Ray is thercfore
an Aflemblage or Collettion of the feven co-

loured
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. Colowss. Joured Rays, blended together in a juft Pro.

portion, : : .

If the Comb X, Y, be gently pafled before
thefe Colours, one diftinguithes fucceflively all
the Changes of the Colours, that are thus com-
bined. If you pafs it haftily, there appears
only white ; in the fame manner as live Char-
coal, when fwung around, exhibits but a Circle
of Light 5 becaufe all the Impreflions are made
almoft at once, The Senfation of Whitenefs is
therefore the Aflemblage likewife of the feven
primitive Impreffions, In fhort, Sir Ifaae
Newton, to leave no flone unturned in order to
demonttrate this Truth, has copied Nature her-
felf, in compofing a white Powder with original
Colours mixed in a certain Proportion, '

The firft Experiment of this Philofo-
pher *, by which a Ray is divided with the
Prifm into feven Colours, is by no means a
new one, tho’ it is the Bafis of his grand
Work : but thofe, who made it before hiny
were not apprized of its Confequences, acquiefc-
ing in this fingle Experiment, which he multiplied

and varied in a thoufand and a thoufand diffe- .

rent Shapes during the Space of thirty Years,
One ought to obferve attentively, that, ac-
cording to the Rules of Optics, the Ray, which
is refracted in the Prifm, and tends to form the
coloured Image P, T, muft not paint this
Image agreeably to its atual Height, The twa,
. ~ Rays
* It is the third Experiment of his Book.
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Rays H, I, which quit the Prifm, are parallel, Colours.
are equally inclined to the Surface of the Prifm,

and have the fame Perpendicular. Therefore

they are fubjeted to an equal Refrattion on
pafling from the glafs Medium to Air ; and,
confequently, muft continue to be parallel quite

to the Image P, T, and of courfe reduced in

the Space, T, t.

All that 1 have faid would be a neceffary
Confequence, were Light a fimple Subftance,
whofe Parts were all of the fame Nature, and
fubjetted to the fame Laws of Refraction, as
was the eftablithed Opinion before Sir Ifaac¢
Newton., But the Experiment of the Prifm, all
fimple as it is, is a Demonftration, that there
are no other than original Rays, to wit, red,
‘orange coloured, &¢. which follow thefe known
Laws, and that all other Rays are fubject to a
greater Refraction, or are more rafranglble 2
becaufe they are more fecble, and give way
more to the Impulfe we have been fpeaking of.
This Experiment concerning Reflection, proves
then, that Light is made up of different Kinds.
of Rays differently refrangible.
~ Another Experiment, fimpler indeed, which:
I made accidentally, and which fince I have
met with elfewhere, feems to point out more.
evidently the {fame Truth.

Thro’ a Hole A, Fig. 3. PL. IV, {ufficiently
large, made in the Window-Shutter of a Room,
dark, or not dark, let pals a Ray of the Sun

in
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Colours. in order to receive it on the Angle of the

Prifm B, in fuch a manner, that this Angle di-
vides the Ray into two equal Parts. Each
Moiety of this Ray, falling upon the oppofite
Surfaces will produce a coloured Image C D, cd,
every red Ray of which C, ¢, will be fituated
on the Side of the Axis ABF of the intire Ray,
or towards the Perpendicular ; whilft the other
Colours will be at a Diftance, fo that the vio-
let Colour will be at D, d; and that, becaufe
the red Rays of each Moicty of the intire Ray,
having more Force, yields in a lefs Degree to

‘the furrounding Impulfe, and paffes in a di-

reCter Line, and, confequently, nearer the Per-
pendicular, and the Axis of the total Ray.

But the feven Rays rendered by the Prifm,
are ‘they actually the unalterable Principles of
Light and Colours ? Are they not divifible into
a greater Number ? Cannot one make them lefs

compounded? For Example, green, is it not

compounded of blue and yellow ?
The Anfwer to thefe Queries is fupplied by

wew Experiments. .
Make a very {mall round Hole F, Fig:-r, PL

V. thro’ the Window-Shutter of a dark Room.,
Ten or twelve Feet from this Hole receive a
Ray upon a Lens MN, with ten or twelve Feet
of Focus. Receive this refracted Ray upon
Paper I, placed at the Focus of the Lens.
Immediately next to the Lens put a Prifm ABC,

which refracts the Light in pt; and you will
have

p g -
PR e P ar 4T 3 v
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have in this Image your feven primitive Colours Colours.
in as many Circles, feparated very diftiné from =
one another.

Receive this Image on a black Pafteboard
pierced on purpofe to let pafs each of thefe Cir-
cles of original Rays. Refra&t a-new each of
thefe Rays behind the Pafteboard ; and receive
this frefh Refraction upon a white Pafteboard
~ placed two or three Feet from the Prifm, You
will find that this Circle changes neither its Fi-
gure, nor 1ts Colour 3 that it is capable of no
farther Divifibility, but is abfolutely unalterable,
how numerous foever the Refractions may be to
which you expofe it. It is unchangeable both
in regard of Figure and Colour, becaufe each
of thefe Circles confifts of Rays of the fame Na-
ture, of the fame Colour, of the fame Refran-
bility, and which conftantly preferve the perfet
Parallelifm afcribed to univerfal Light before
Sir Ifaac Newton’s Time.

Pufh fiill farther the Proof of thefe fimple
Rays. Inftead of receiving them upon a white
Pafteboard, receive them upon coloured Glaffes.
You will find them pafs acrofs thefe Glafies
without the leaft Alteration of their Colours
that is to fay, a blue Ray, which fhall pafs thro®
a red Glafs, will ftill be blue behind this Glafs 5
a red Ray will ftill be red behind a yellow
Glafs, and {o of the reft: becaufe thefe Rays
being fimple and immutable, thefe Glafles muit
either totally extinguith them, or let them pafs

fuch
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Colours. fuch as they are. Now thefe folar and primi-

“=v=tive Rays have too much Vigour and Vivacity
to become extinét in a Glafs,

He fhould therefore have thus diffeted
Light even to its ultimate Rays, to come at its
fimple and unchangeable Parts.

But 1s not the green Ray or Circle compofed
of blue and yellow Rays? No. For firft, in
order to a Mixture of this kind, the yellow
Circle and the blue Circle ought to join and be
confounded with the green. Now thefe three
Circles are diftinét and feparated. Secondly,
form two Images of coloured Circles in the
fame Room. Let the yellow Ray of one of
the Images, and the blue Ray of the other, pafs
a-crofs a Pafteboard. With Prifms placed be-
hind thefe Paftebeards make both thefe Rays
fall upon the fame Point, and they will produce
no more than a green Circle. Obferve this
compounded green Circle a-crofs a Prifm,
which appears oblong ; while the fimple green
Circle of the feven Circles, feen acrofs the
Prifm, feems exaétly round. The Reafon why
the green Circle; compofed of a blue and of a
yellow one, appears oblong, is, becaufe it is
not fimple, but formed of two Rays that have
different Degrees of Refrangibility. The green
Circle of the coloured Image feems perfectly
round, becaufe it confifts of fimple Rays, Rays
thac are original. Thirdly, the green Circle of
the coloured Image is not compofed of a Portion

of
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of blue Rays, and a Portion of yellow, is fo Colours.
evident, that if in the Paffage of the Rays of — ¥
the Prifm you intercept either a blue Ray, or
a yellow, or both the Rays together, as we
have feen Fig. 2. of Plate IV, the green
Circle exifts in all Refpe@s the fame, It
has therefore nothing of thefe collateral Rays,
and is of Courfe a fimple and an original
Ray. | .

Conceive then that a Ray of the Sun, or of
circular Light is an Affemblage of coloured
Circles confufed together. Suppofe for a Mos=
ment that this circular Ray is a Colleflion of
feven Counters placed one upon another, the
firft of which is red, the fecond orange-
coloured, the third yellow, the fourth green,
the fifth blue, the fixth of an indigo Colour;
and the feventh of a violet. Now, in making
this Collection of coloured Rays pafs by the
Prifm of the firft Experiment, it is juft as if
you threw your Parcel of Counters on a Table
in order to tell them, or thew them feparately,
partly, at leaft, as in Fig, 2, Pl. V. when each
of the Colours will be very diftint.

But in this firft Experiment your coloured
Counters are large, and not fufficiently extended.
They advance befides a little one upon another 3
and become confufed at their Extremities,
Thefe Extremities therefore form Mixtures and
a Compofition of Colours.

In
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Colours. ~ In the laft Experiment, Fig. 1. Pl V. the

==’ Diameter of the Counters is diminifhed by the
Smallnefs of the Ray, and the fame Extenfion
is preferved along the whole Row of thefe
Counters, whofe Centers are equally diftant
from one another, as in Fig. 3. becaufe the
Refrattion is the fame. So that the feven co-
loured Counters are no more in Contaét, but
feparated and detached one from the other.
Each Counter and the Colour it difplays is
perfectly fingle and uncompounded, as in Fig,
3, and Fig, 1.

Doubts All I have been faying in relation to Colours,

concern- s the pure Doctrine of Sir Ifzac Newton 3 and

wgthe 1 leave it to him to warrant his own Experi-

Neavto- P

wian Sy- ments. For I ‘aver, that, how exa& foever I

. have been in the Execution of his Proceffes, I
could never feparate the feven Circles of Co-
lours of his eleventh Experiment, in the man-
ner they are exprefled in the firft Figure of Plate
V. It was notwithftanding what I particularly
wifhed to fucceed in, becaule I looked upon it as
the fundamental Experiment of the Newtonian
Syftem. In order to accomplifh this Point, after
having feveral Times repeated the Experiment
and till failed in it, I had the Prefumption to |
aim at improving on even Sir Ifaac himfelf. -,]
According to the Principle adopted by this Phi-
lofopher, faid I to myfelf, to make a regular
Divifion of the feven Colaurs, there is no Difli- _5 :

| culty ; &
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culty ; but to receive a very ftrait Ray on a Colours,
Prifm, that will refraét and featrer this Ray to
a great Degree, according to the Length of the
coloured Image. Now a Prifm with concave
Surfaces, ought to give the feven coloured
Counters at a confiderable Diftance from each
other : For it is the Property of concave Glaffes
to fcatter the Rays. 1 therefore procured a
Prifm to be made with concave Surfaces, and
feveral others with different Angles, all folid,
and of the fineft Glafs of the famous Manufac-
ture of §¢. Gobin in Picardy, They were formed
under the Infpe@tion of Monf. Bernieres, a
Gentleman well verfed in natural Philofophy,
and my particular Friend. All this Apparatus
did not by a great deal anfwer my Hopes, The
Separation of the feven coloured Circles has fill
remained with me the grand Work,

I have feen fince, that the moft celebrated
Profeffors of Sir Ifaac Newton’s Principles, fuch
as Monf. de Voltaire, and Naturalifts the moft
dextrous at his Experiments, fuch as the Abbe
Nolet : Neither the one nor the other of them
was happier in this Refpeé than myfelf. 1 was
not infenfible befides, that Monf. Mariotte too,

fo well acquainted with Experiments, had by
0o means fucceeded in the Separation of the
~feven Newtonian Colours ; but had refuted; by
~other Experiments, the Syftem of the Englifh
. Philofopher relating to coloured and unalterable

i v Rays ¥,
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Colours. Rays *. Monf, Dufay, the late Lofs of whom
v~ he Republic of Letters exceedingly regrets

| S

~
.

who fo clofely applied himfelf to Experiments on
Light, did not at all feem fuccefsful in this parti-
cular one. For in adopting the Newtonian primi-

‘tive Colours, he has reduced them to three, red,

yellow, and blue, of which he compounds the
other four ; which is a Demonftration that he
made no diftiné Separation of the feven coloured
Circles.

But there were two Circumftances that ef-
fetually difcouraged me in my Enterprife.
Firft, the Principle on which Sir I/zac Newton
founded his Experiment, is demonftratively
falfe in Fa&., This Principle is, that a very
{trait Ray, refratted by the Prifm, gives a co-
loured Image, as long and as extended, as that
given by a large Ray ; and that the Centers of
coloured Circles remain at the fame Diftance in
both Cafes +. Now it is evident, on the con-
trary, from the Experiment I have made a hun-

dred Times, that the ftraiter a Ray is, that is to
fay, the fmaller the Hole is, that is made in 3
the Window-Shutter of a darkened Chamber,
the {maller likewife and fhorter is the coloured
Image, and the more the Centers of the Circles
approach one another.  The Confufion therefore
of the Circles ought to be the fame in all the
kinds of large and firait Rays. Secondly, even _:"
the |

* Journal des Scavans 1681,
4 See Fig. 2, 3, Plate V.

il a1 sl B W



T ——

on the SENSESs, L7

the Figure by which Sir Ifaac Newton exprefles C"[““”',
this Experiment, gives rife to Sufpicions. He -
every where reckons feven primitive Colours,
and in this Figure he exhibits only five Circles :
Are all thefe Things regular in a Man that ac-
tually faw the feven Colours in feven diftinét
Circles ? Could the great Newton give us a
Conjecture for an Experiment, he who was fo
referved in regard of Conjettures? Thirty
Years Exercife in a dark Chamber ought to
have rendered him more dextrous at thefe Ex-
periments than any body elfe ; efpecially, as
he was abundantly fupplied with Inftruments,
and all other Requifites for the carrying them
on.
His Principle is what embarraffes me the
moft. But tho’ in Rigour he be contradicted
by Experience, and a narrow Ray forms a thort
Image, perhaps this Image is ftill more extend-
ed, in relation to its Ray, than is the Image of a
broad Ray ; by which means the coloured Cir-
~cles of a fmall Image become a little more dif-
tinct, at leaft, than thofe of the large one. In-
~ deed one cannot be too referved, when the Cafe
~ tends to the Condemnation of fo extraordinary
a Man as Sir Ifzac New:!on, in what he has
~ given in the fineft and moft convincing manner.
- His Experiment is real, if it has fucceeded but
- once. I with that fome great Mafters in Ex-
perimental Philofophy, fuch as the Abbé Nolet,
would fet themfelves about refolving this grand
K 2 Problem.
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Colours. Problem. It would give me no fmall Pleafure
" to bear Witnefs of any one Inftance of Succefs ;
after which I fhould look upon the Syftem of
Colours to be fixed even to a Demonftration.

Altho’ the Circumftances I have been relating,
fuggelt fome doubt, whether the Number of
primitive Colours be precifely feven, they do no
manner of Injury to the Syftem of primitive and
unalterable Colours in general.  One may admit
them without counting them, and that even in
lefs Number than feven, as Monf. Dufay has
done. '
But there is farther a Set of Naturalifts,
that are neither of one or the other of thefe
Parties, but imagine, with Defrartes, that
Colours are the Modifications of a Matter
perfectly equal, and intirely uniform, and that
the Colours of the Prifm are only Illufions of
Refraction. Thefe laft are not aware, that it
is demonftrated by the Prifm, that Light is
compofed of Rays differently refrangible. Per-
haps they may alledge, that the fcattering of

a Ray that produces a coloured Image, happens
purely, inafmuch as the upper fide K, K, K,
of the Ray which falls obliquely on the Prifm,
Fig. 1. Plate IV. and departs from the fame, is
nearer the Surface of the Prifm, than the lower
Side L, L, L ; and that by this Situation tche
upper Side is more expofed to the Attraction of |
this Surface, and to the Refraction it produces :
and that therefore this upper Side, K, K, K,
being

e A v o
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. certain Degree, you will find that from the
. Point M there will be made a Reflection M, N,
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being more refratted than the lower L, L, L, Celours.

‘the total Ray ought to become divergent, and

to be lengthened in the Figure obfervable in the
coloured Image, tho’ all the Parts of it are
equally refrangible. But let us return to the

Newtonian Syftem.

We faw above, that, according to the Eng-Sir Jaac
lifb Philofopher, the feven primitive Rays artfjﬁf”ﬁmt'
unequally refrangible ; and that it is this unﬂqualthe moft
Refrangibility which diffects them, and rangtsh];i;_]f;;
each in its proper Clafs, and Circle of the fameare alfo
Nature, from red, which is the leaft refrangible, :EEET:%i
to the violet-coloured, which 1s the moft {fuf-
ceptible of Refraction. Sir [faac Newton pre-
tends, that the Rays which are the moft
adanted for being refracted, are likewife the fit-
teft for Refleftion: that the violet-coloured
Ray, for Example, which is the moft refran-
gible of all the Rays, is alfo the moft reflexible.

Here is the Foundation of this Opinion. Re-
ceive the Ray F, Fig. 4, Plate V. upon a
Prifm, the Angle of which A is a right Angle,
and the Angles B, C, half fo. Let this Ray
fall obliquely on the Prifm, in order to have the
coloured Image in H, G, as in the firft Expe-
riment. Turn the Prifm in the Order of the
Letters, A, B, C, to make the Angle B of the
Rays M, H, approach the more. When this
Angle fhall be inclined upon thefe Rays to a

K3 which
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Colours, which we above called a refringent Refleétion.
==/ Receive this Ray refleted M, N, with the
Prifm V, X, Y, and you will have a new Re-
fraction, t, p, coloured as H, G. Turn flowly
the firft Prifm A, B, C, in the Direttion A,
B, C, and you will find all the Colours of the
Image H, G, pafs to the Image t, p, and will
obferve, that the violet-colour of the Image t,
p, will be the firft Colour that is ftrengthened
by the Paffage of the Rays of the Image H, G,
afterwards the indigo, then the blue, and the
red will be the lalt firengthened by this Trani-
migration of the Ray. Therefore, concludes
Sir Ifaac Newton, the violet Colour is the firft
refleCted, and the red the laft. Confequently,
the moft refrangible Rays are alfo the moft re-
flexible.
Reafonsa- 1 hele Confequences fuppofe, that this refrin-
%imit Sir gent Refleftion of the lower Surface of the Cryf-
Newotons tal, and the Refledtion from a folid and po-,
tﬁhgin:}?:: lifhed Body are abfolutely the fame ; which Sir
Reflexibi. 1/a8¢ Newton was perfwaded of, becaufe it is
liiy of always from a Vacuum, according to him, that !
ia:;':;:r}z Rays reflet. But, thefe two kinds of Re-
Ratio of flections being fomewhat different, the Laws of 11
;':1:;;;:: refringent Reflection did not feem to me to be |
liy.  juftly applicable to fimple Reflexion. A
: From the Experiment we have been furvey-
ing, Colours depart not from the Prifm A, B,’*{'i
C, to go to H, G, but inafmuch as the lower
Surface of this Inftrument, from whence thefe

Colours
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Colours efcape, is not ftrongly inclined upon Colours.
thefe Tra&s of Light. For, if this Surface be
ftrongly inclined upon thefe Rays, thofe will be
found pumped back as it were by the Prifm,
and are refle@ed acrofs its Subflance ; becaufe,
in this Situation of the Prifm, the Rays, which
depart from the inferior Surface, ftriking too
obliquely the Surface of the furrounding Fluid,
have not Force fufficient to conquer the Impul-
fion, and efcape from the Circumference of the
Prifm. This Impulfion therefore being victo-
_rious, pufhes back the Rays towards the Prifm,
and makes the refringent Reflection.

So at the Time when all the Colours depart
freely from the inferior Surface of the Prifm, if
you gently incline this Surface of the Prifm upon
thefe Rays, to make them abforb and reflect
thefe Colours one after another, the violet is the
firft abforbed and refleGed, and red is the laft.
The Reafon of it is evident.

The violet Ray H borders neareft on the ab-
forbent Surface, B, C. This Ray 1s likewife
the moft refrangible, or that which moft gives
" way to the furrounding Impulfe ; a double Rea-
fon why it ought to be the firft that is con-
quered and carried off by this Impulfe. The
red Ray G, on the contrary, is the moft re-
mote from the abforbent Surface. It is the
ftrongeft of all the Rays, or that which yields
the leaft to this furrounding Force. It is there-
fore evident, that, on giving to this Force by

K 4 little
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Colours. little and little, the Superiority over the Rays
: which pierce it 3 the firft Rays it ought to ftop
and carry off by a refringent Reflection, muft
be the violet, then the purple or indigo, &5c.
and the laft muft be the red.

But there is no drawing any Conclufion from
this refringent RefleGtion in Favour of Reflec-
tion in_ general. All the World knows that
~when a Ball is pufhed upon a Surfice, from
whence it rebounds, the greater the Force of
this Ball is, the more it is reflected. Now, ac-
cording to Sir Ifaac Newton himfelf,” the red
Ray is in the Cafe of the Ball pufhed with the
greateft Force ; therefore, ceteris paribus, it
ought to reflet more vigoroufly than the reft.
So that for the fame Reafon, that the red Ray
1s the lefs refrangible, it ought to be the more
reflexible.  For it is only the lefs refrangible,
mafmuch as it prevails more than the reft over
the Power of Attraction, or over the furrounding
Fluid. Now, the greater the Velocity is with
which "a Ball pierces a penetrable Surface, the
more confiderable is the Force with which it
rebounds from an impenetrable Surface, Con-
fequently, the lefs refrangible Rays muft neceffa-
rily be the more reflexible. Pt

SHADE,
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Colours.

S H AD E; '

OWEVER brilliant Light and Colours

are, they would not form a fingle Image,
but an immenfe and uniform Lake, proper ra-
ther to dazzle than to enlighten us, without
Shade to divide, to diftribute, to modify them,
and in fhort, to give them all the Force we know
they are endued with in regard of the Images
they compofe. Shade is a Diminution of
Light and Colours, the laft Degree of which
i1s &dlack, not inafmuch as the Blacknefs of
a Body is a total Privation of Light, be-
caufe the Body would be then invifible, but a
black is of all Bodies that which reflects the
leaft Light, as it abforbs and almoft intirely
extinguithes it. = A perfet black, or the total
Privation of Light, is not properly fpeaking a
Thing vifible, becaufe it tranfmits nothing to
the Organ, and is only diftinguifhed by the illu-
mined Bodies that furround it : It is a Sort of
Hole or Vacuum in the Body of Light,

The Art of Drawing is a good Proof that the
fole Gradation of Shade, and its Diftributions
and Mixtures with fimple Light, are fufficient
to form the Images of all Objeéts, in the fame
manner as the mingling of Sulphurs, Earth, and
‘Water with Salts, conftitutes the Diverfity of
- Savours, It is the fame thing, as to the inter-
. mixing of every Colour, in the Art of Paint-

ing,
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Colours, Painting, of which Shade is ever the Ground-
Work ; and thefe Arts we all know only mi-
mick the Operations of Light and Shade, in re-
fpect of the Pheenomena of Vifion.

The ORGAN and MECHANISM of Viston.

The Eye HE Eye is not only the Organ which re-
= a:;':? ceives the Impreflion of Images, it is

Infra-  alfo an optical Inftrument, which furnithes thefe

:f“gf:: Images with the Conditions requifite to a perfect

of Senfa. Senfation. This double Funétion is diftributed

on.  to different Parts of this Organ. The whole
Body of the Eye is a Sort of Spying-Glafs of
infinite Perfection, which tranfmits Images in
an exat and compleat manner even to the Bot-
tom of it. This Bottom is invefted with Tex-
tures of Nerves, on which the Image is im-
printed, and by that means the Senfation is
produced, of which one of thefe Textures is the
immediate Organ.

In order to give a clear Idea of the Struéture
of the Eye, and the Mechaniim of Vifion, let
us make Ufe of the Inftance of the dark Cham-
ber, which the Eye in fome Meafure refembles.

g:: d;:k Shut up a Room fo clofe as to deprive it in-
s Ute. tirely of Light. Then make a Hole in one of
the Window-Shutters, and over againft this
Hole, at the Diftance of feveral Feet, place a
Cloth, or fome white Pafteboard ; and you will

find, with Aftonifhment, that all the Objects from
without

1
|
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without, will be painted on this Pafteboard in _The
~ the mott lively and moft natural Colours, tho’ ,_E::_'J
- abfolutely reverfed. For Example, thould the
Figure of a Man prefent itfelf, it will appear
with the Heels upwards. If we have a Mind to
exhibit thefe Images ftill with greater Life and
Exactnefs, let a Microfcope be applied to the
Hole of the Window, or a Lens, which, in col-

- le¢ting the Rays, forms an Image more com-
pact and diftinét. :

You may make the fame Experiments with
only a Box darkened within, with a T'ube and a
Lens placed at its Entrance 3 and you will have
here the additional Advantage of being able to
reprefent thefe Images in a ftate of Tranf{parency,
by clofing the hind Part of the Box, where the
Image is to fall, with an oiled Paper, or a Pane
of unpolifhed Glafs, or by placing in the Box
a floping Mirrour, which will reflect the Image
againit the top Part of it, where you have fixed
your Glafs. All that is wanting in Regard of
this Box, to render it, as to fimple Optics, an
artificial Eye, is the Figure of a Globe, and
having the Lens placed within this Globe.

In the natural Eye the Cafe is, formed by
fupple Membranes, and the Lens by tranfparent
Bodies and Humours equally tranfparent.

The Brain and the Nerves are compofed, TheStruc-
firft, of a foft Subftance fomewhat refemblingtore and
new Cheefe ; fecondly, of two Teguments of afﬁﬂﬁ}?
- competent Solidity, called the durg, and piz
Mater,
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Thc Mater, each of which is manifeftly double.
_!E ', Thefe three Subftances form all the Nerves.
The dura Mater conftitutes the exterior Coat,
the pia Mater the interior, and the medullary
Subflance occupies the Center.

The optic  The principle Nerves of the Eye, termed
Neives.  the Optic Nerves A B, Fig. 1. PL VL. make their
Exit from the Cranium, one on each Side,
with all this Apparatus. In the firft Place they
draw their Origin from thofe Parts of the me-
dullary Centre of the Brain, which we ftile the

Beds of the optic Nerves ; fee Pl. II.
- Then the two Nerves K K tend towards the
fore Part of the Head, approaching again one
towards the other ; and unite as it were in a fin-
gle Nerve A, without any Croffing or Confu-
fion. They afterwards feparate one from the
other, ftill inclofed in the piz Mater, and in-
vefted with the anterior Lobes of the Brain
and, after about feven Lines of Way from their
Separation, they each of them enter into a
bony Hollow, that leads to the Ordit, the Re-
ceptacle furnifhed by the Brain for the Eye.
There they receive from the dura Mater the
Sheath common to all the Nerves. This Sheath
confines the Nerve, and hinders it from grow-
ing too bulky and unfizable. This bony En-
trance forms a Canal of about two Lines ; after
which the dura Mater is divided into two La-
mine, one {ufficiently thin h E which lines the
Orbit, the other thicker D D which continues
to

il il " e’
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to ferve as a Sheath to the Nerve, From the ETh.E
Angle h, formed by the Divifion of thefe twm___:f_,
Laminz, arife the Mulcles of the Eye.

The Coat of the dura Mater D D, that ac-
companies the optic Nerve, and concurs to its
Formation, is continued in the Center of the
Orbit, amidft the Mufcles, about the Space of
fiftcen Lines, (fee Plate I1. and V1.) after which
it expands and fwells itfelf into a Globe, much
in the manner as melted Glafs is blown into a
Bottle.

At the Root of this Expanfion, between the
Nerve and the Globe, the dura Mater forms a
circular Band, by means of which it ftrongly
comprefles the Extremity of the Nerve, and
makes a Sort of Valve, which feems to feparate
the Globe from the Nerve. This Band pretty
much refembles the Paper Ring applied to Te-
lefcopes. Itis formed like the Valves of the
Inteftines, by a returning Fold of this Coat ;
and it is evident, that this Fold was inevitable at
the Angle, which the dura Mater is obliged to
make in order to expand itfelf all at once into
a Globe *, The dura Mater D D, Fig. 2. on'The o-
thus expanding itfelf, forms the firft, or exte-P2que
rior, Membrane D b ¢ of the Globe of thtsc]r;::;fr
Eye, called the Cornea. The anterior Portion
b ¢ b of this Cornea is tranfparent, and corref-
refponds with the Pupil, All the reft is
opaque.

Tho®

* See Fig. 1 and 2, P, YL,
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The  Tho’ the franfparent Cornea be a Continuation
E vy ; :
of the Sclerotis, or opaque Cornea D, D, D, it
Thetran{-makes notwithftanding a Part of the fmaller
Cornes. SPhere, which feems there added in the manner
Cryftals are to Watches. By this means it pro-
Jects a little beyond the common Sphere of the
Eye ; which Circumftance renders it very well
adapted to its collecting a greater Quantity of
Rays and Images, in regard of Objets that
prefent themfelves fideways to the Eyes.

‘The pia Mater E, Fig. 2. the fecond Tegu-
ment of the Brain and optic Nerve, fituated un-
der the dura Mater D, expands itfelf in a Globe
like the dura Mater, in order to form the inter-
nal Membranes, or to double the Cornea. It
makes alfo before its Expanfion, a Valve, or
circular Band, which ftrongly comprefles the
Extremity of the Nerve : but it is divided into
two Laminz, one genuine and folid, that is
applied exactly to the inner Surface of the Cor-
nea D, where it is a&ually complicaced and
united to the other. I am the firft, I imagine,
that difcovered this Membrane, who demonftra-
ted to the Academy of Sciences its Continuation
with the pia Mater, and the very diftin@® Ex-
tenfion of it, even almoft to the tranfparent !
Cornea. j

The Cho- The fecond Lamina of the piz Muter, 4
reides.  marked by long Points in the Figure, confti- |
tutes what is called the Choroides, or Uvea : bur

this Lamina, properly fpeaking, is only a Tex-

ture
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ture of Nerves and Blood-Veflels, that make The
their Exit from the inner Surface of the truem :
Lamina I have been fpeaking of.
Thefe Veflels convey a Liquid that com-
municates a2 black or brown Colour to this fe-
cond Lamina. Part of thefe Veffels and thefe
Nerves open themfelves on the internal Surface
of this Lamina ; and there form by that means
a downy or mamillary Texture loaded with
the black Liquid thefe Veflels are charged with.
Ruifch has made a particular Coat of this La-
mina, called the fecond Coat of the Choroides.
| This, according to us, would be the third
Coat diftributed by the piz Mater to the Eye
| to wit, one truly membranous, united to the
Sclerotis, one vafcular, termed the Choroides,
. and one downy, ftiled Tunica Ruifchii.
Towards the fore Part of the Eye the Cho-The Iris.
roides is doubled : and this exterior Complica-
tion forms what is named the fris H H, in the
middle of which is the Perforation of the Pupil.
This Iris is furnithed with mufcular Fibres in
| the Form of Rays and Circles, by means of
| which the Pupil dilates and contraéts itfelf, It
dilates itfelf in the Shade and paralytic State of
the optic Nerves, by the Repofe or finking of
its Fibres, and is contrated when affeéted by
Light, particularly a ftrong one, thro’ the
Swelling of its Fibres, into which this ftrong
Light determines the Spirits.

The
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The The inner Complication of the Choroides
Organ. fo
The Co- H H, in the Center of which is enchafed the
ity Cili Lens of the Eye, called the Cryfalline Humour.
The Cryl- The Corona Ciliaris or Ciliary Proceffes, on a
ﬁiu‘:'_’ﬂ"'clnfe Examination, are the laft nervous and

vafcular Tufts, or Fringes, which expand them-
felves on the inner Surface of the Choroides 3
where they form the fecond Coat and the Cor-
pus Mamillare, the principal Organ of Senfa-
tion, They are plaited at this End like the
Wriftband of a Shirt ; inafmuch as, from a

grand Circumference they were extended to

rms on the hind Part the Corona Ciliaris

before, they are reduced to a very fmall Circle

that furrounds the Cryftalline Humour. Thefe

Fringes, as they are floating, furpafs a little
the Bounds of the exterior Lamina of which the f

Iris is a Continuation.

This external Lamina is complicated * under
the Ciliary Fibres, where it grows whitith and
thick. It feems, in this Termination, to af-
fect approaching to an ungulous Nature, as
much as can be expected from its Delicacy ;
which, indeed, is the Fate of almoft all Tex-

tures formed by the Parallel, and clofe and

compact Beds of nervous Fringes.

Chambers The whole Space of the Eye, that is before
ofthefye. the Corona Ciliaris II, and the Cryftalline Hy-

mour

* I have feparated diltin@ly the Corona Ciliaris from

this exterior Lamina.

§ -
T L =2

—
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- mour K, is filled with a limpid Water, called Th&
the aqueous Humour, in the Center of which R
fwims the Iris H, H, or Pupil. So that the The aque-
Iris divides this Space into two fmall Chambers, z;léufu'
one before, that is terminated by the tranfpa-
| rent Cornea, or exterior Glafs of the Eye, bcb,
' and the other on the back Part a very {mall
| one bounded by the Corona Ciliaris, I I, the
| Cryftalline Humour, K, or the Lens of the
| Eye, and the Iris, H H.
Next to thefe two Chambers, behind the Co- The vitre.
| rona Ciliaris, I I, and the Cr}r&alime Humour ovs Hu-
| K, the Globe of the Eye forms a Space a great ;s
deal larger K L, than the preceding ones.
| This Space is all occupied by a Sort of tranfpa-
| rent Jelly, called the wvitreous Humour, The
| Cryftalline Humour K is lodged in the anterior
| Surface of this Jelly, as the Diamond is fet in a
' Ring.
The medullary and inner Part A, Fig. 2, The Rei.
| of the optic Nerve is expanded as well as thena.
| preceding Coats, and forms a flabby Texture
| marked by fmall Points in the Plate. This
| Texture conftitutes the inmoft Membrane of
the Globe of the Eye, named the Retina, and
' terminates at the Corona Ciliaris I I.  This foft
' Subftance of the Nerve, at the Beginning of its
- Expanfion, forms the fmall medullary Button
| B.

The extremely fine Textures that divide the
. Cavity of the Eye, and make Cells for the
L. HUf
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The - Humours it is filled with, are the fame which
EYE in the Cavity of the Nerve divide and fupport
- the medullary Subftance therein exifting, =
- Such is the Structure of the Eye difcovered
by Apatomy. But the Lights derived from
Reafon and analogous Affiftances, let us a great
way farther into the Nature of this wonderful
Crgan.

A more It has been evident all along, that every In-

pafticular

Detail ofdividual Senfation is preduced by nervous Pa-

the Me- pille ; and that the Fluid which. animates
chani{m, '

Forma. - thele Papille, receives by the Glands the Pre-

tion, and parations and Mixrures that fit it for receiving

Ules of

the parts th€ Senfations peculiar to each Organ. Itiswell |
" oftheEye.known that thefe Glands and nervous Papillze
are often one and the fame Organ; and that

they fometimes even add to the preceding Func-

tions the Filtration of a fenfible Liquid. This
Structure is particularly remarkable in the glan-
dulous Papille of the Tongue, that are at once o
the Organs of the Senfation of Tafte, and the
Receptacles. where the fenfitive Fluid receives
its Charatter, its Mixture, and the Refervoirs |
of a filtrated Liquid neceffary to this Senfation. |
The Eye, all wonderful as it is, is nothing elfe
than a glandulous Papilia, of larger Size and !

Expanfion, and hollower than the other Glands.

It is like them a triple Organ of Senfation, of
Preparation of the fenfitive Fluid, and of Fil-
tration. The clofeft Examination imaginable 1
of this nervous Papilla does not make it

in =
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in the leaft degenerate. On the contrary, it re- E'I;hi. .
fledts a confiderable Luftre on the Structure and «mymd
Ufe of thefe Papillz, the univerfal Organs of
Senfation. This Structure and thefe Ufes, that
have been hitherto a kind of Myftery and a
Syftem, ceafe almoft to be fo in the Organ of
the Sight. It is a Hiftory of the glandulous
Papille, even ocularly demonftrated.

A glandulous Papilla is a Tuft and End of
a Nerve, deftined to the Filtration of fome Li-
quid. The Eye is very evidently the Extremity
of the optic Nerve, expanded, and blown, as
| it were, into a hollow Button full of Fluids,
One may trace with one’s Eye the Veflels con -
veying thefe Fluids, which, from the expanded

Coats of the dura and pia Mater where
| they are interwoven, open themfelves on the
. Infide of this Organ. The Size alone of thefe
| Veflels vifibly evinces the Filtration made there
of the contained Liquid, and the Coats and
| Cavity of this Organ are nothing elfe than the
. Prop and Refervoir of it.
The Infide of the Glands is the Concourfe of
| arterial and nervous Extremities ;. in which
Concourfe the animal Fluid is united to a vola-
tile Part of the arterial Blood, to enable it. to
difcharge its Functions, This Union is made
by Means of the nervous and vafculary Tufts.
Thefe Tufts in the Eye produce the Down of
the Choroides. It is therefore highly probable,
that the black Liquid with which this Dow

- L2 1S
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is imbued, is nothing elfe than the fulphureous
Particles of the Blood diffufed in this Texture
by the Tufts of the Arteries, and loaded with
the volatile Portion that is mixed with the ani-
mal Fluid, conveyed by the nervous Tufts,—

- Or, if you pleafe, this black Liquid 1s the Dregs

as it were of the Fluid, that refults from the

Mixture of the Spirits with the volatile Part of

the Blood.  The animal Fluid partakes in fome
Degree of the Nature of Mercury. Now Mer-

cury, intimately united with Sulphur, forms a

black Subflance, an Ztbiops, as every body
knows. In like manner there is all pofiible

Room to imagine, that the Eye prefents to us

fenfible T'races of this fo ufeful Mixture ; which

we eftablith on no other Bafis than that of the

Neceflity there feems to be for it, in regard of 3
almoft all the Fun&ions, and principally of ]

mufcular Motion. |
However, this black Liquid obfervable in
the Choroides is not peculiar to the Eye ; we

“meet with it on the Infide of almoft all the

Glands. It is vifible in the Glands of the Kid-
neys ; for which Reafon they are called Capfule
Atrabilarie. 1t is likewife vifible in the pul-
monary or bronchial Glands. It is this fame.
Liquor which is evacuated in the black Vomit-
ings that accompany thofe extreme Maladies,
which I term the convulfive Diffolutions of the

nervous Syftem ; by reafon that the Violence
of the Depravity is fuch, that the Infide of the
(lands :~




- Glands of the Stomach and Inteftines is ftript of ETh=
_this black Liquid. Vomitings of this Sort are
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more frequent in Children, becaufe the nervous

Extremities which form their Glands, are fofter

and more open. In fhort, the Colour of Ne-
groes has no other Origin than this fable Li-
quor, with which their cutaneous nervous Tufts,
being very porous, imbue the Cuticle that invefts
them. -

The Down of the Choroides, impregnated

. with the Liquid we have been {peaking of;

forms, as we have feen, the inner Mcmbrane of
the Choroides. The exterior Lamina this is
fuftained by, is in the Organ of the Sight,
what the Corpus Reticulare is in the Organ of

| the Touch, and in that of the Tafte. In all

fJ

thefe Organs, the Veflels and Nerves, before
their Expanfion into Tufts, are {tripped of their
thick Coat ;3 and it is of thefe Spoils the Tex-
ture is formed, which in the Eye conftitutes the
exterior T'unic of the Choroides. The nervous
Papille being ftripped in like manner, become
more delicate, and endued with a greater Senfi-

| bility ; and the Texture made of their Spoils
' ferves to fuftain the nervous Tufts and Orifices
| of the Veffels that convey the neceflary Liquids
| as well to the Papille themfelves, as to the
tranfparent Humours contained in the Globe.

As far as the Choroides, the Veflels are large

- enough to permit the fulphureous Particles of the

Blood, I have been fpeaking of, ta pafs along

L 3 with
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The with the fpirituous Lymph. But, beyond this

Ev e Membrane, the Minutenefs of the Veflels lets .
only an- extremely fubtile I.ymph efcape, which
forms and fupplies the Humours of the Eye.

Of thefe the Vitreous: Humour is the moft
confiderable. It fills about three Fourths of
the Globe of the Eye towards the Botrom of
that Organ, and is condenfed to a Jelly 3 be-
caufe being embraced by ali the Coats of the
optic Nerve, and immediately by the medullary
Part of it, the Retina, it is impregnated 'with a
great Quantity of this enlivening Liquid.; the
Property of which is to give a Firmnefs and _';:
Confiftence to the Solids and Fluids, where it
occurs in Abundance.  ary

The Cryftalline Humour, for the fame Rea~
fon, ought to have this Confiftence in a greater:
Degree.  For befides the preceding Advantages
which it has in common with the vitreous Hu-
mour, its very fmall Circumference receives
likewile by means of the Corona Ciliaris the,
Concourfe of all the nervous Extremities of the
Choroides. . It muft thercfore be impregnated
with a greater Quantity of this Fluid, and =
confequently acquire a larger Proportion of

Confiftence. - . f
For the contrary Reafon, the Liquid fituated
under the tranfparent Cornea, and remote from |
this great Influx of the confervatory Fluid, |
muft fall fhort in Point of Confiftence, and
make a Fluid of an aqueous Nature. 1

i i
P T L :
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What is very furprifing, is the Difpofal of Thc
thefe Caufes, to produce Effets fo ﬁnguhrlyg__\u

peculiar to the Organ they compofe. A glan-
dulous Papilla of the Tongue is but the Extre- »
mity of a nervous Fibre. This Fibre could

only make a porous Button, full of a limpid
Liquid, which, indeed, was all it was neceflary

it fhould do. But this would no ways have

been fufficient for the Organ . of the Sight ;
more Materials were requifice. Befides, it is

not heré a nervous Fibre, but an intire Nerve,

and that a very confiderable one, which expands

itfelf at once into a fingle Papilla, and by its

| thick Coats forms a perfet and  intire Globe,

| that one would almoft imagine to be impenetra-

| ble even to Light itfelf, which, however, is not

| fa®. The exterior Coat, which is the only.

| one thick and fubftantial enough to cdmplé%ﬁt'

the Circumference of this Globe, is naturally
difpofed to terminate in a tranfparent Lamina ;

and this Lamina occurs precifely at the Entranu:.

of the Rays. Becaufe, phyfically fpeak1 g, it

can occur only at the Extremity of this nervous

| Body, as the Nails can be formed no where elfe

| but at the Ends of the Fingers.

The Cornea then in this Metamorphofis does

| not at all contradi¢t its Origin, but follows the

| common Law of the Nerves. The farther they

| recéde from their Beginning, the harder they
1

= = e —

grow, and compaéter. The Nails are formed
by the Extremitics of the Nerves of the Arms
L 4 and
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The and Legs, --Thefe Nails. are hard and tranfpa-

E vy E,

: rent 5 and would be as tranfparent as the

Cornea, if, like that, they were inceffantly
motftened with Liquids. The Cornea becomes
as lictle tranfparent as the Nails, when it is once
abridged of its ufual Supply of Moifture. There-
fore thefe two Parts have the fame Nature and
the fame identical Origin. |

The Rays tranfmitted to the Eye ftand in
need of being there refratted, and collected af-
ter a particular manner : and an uniform Li-
quid, like what is contained in all the glandu-
lous Papillze, could not have effected that Bufi-
nefs agreeably to this Organ. Now the inner
Subftance of this large Nerve has provided for
this Contingency ! It is the Stream of a Fluid,
which gives Conlfiftence and Solidity to all our
Parts ; and its Diftribution is fuch, that it im-
parts this Confiftence precifely in the Order
which the Perfetion of the Organ demands.
And in the mean Time, for fuch a Prodigy of
Execution, what a Simplicity of Mechanifm! A
Nerve expanded into a Globe, its Coats diftinctly
{pread one over another, Liquids colleGted un-
der thefe Coats by a very ordinary Filtration ;
this is the whole Apparatus !

O admirable firft Caufe ! with what Rapture
ought the Mortal to be feized, who difcovers
demonttratively the Simplicity and  natural
Chain of Springs, with which fuch a Series of
Wonders is produced !

An
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An infirm Production, termed Hydatides, The
the Mechanifm of which I have had Occafion to * ¥ =0
unravel, feemed to me to be a Sort of rough
Draught of the Formation of the Eye, proper
to confirm that which I have been delineating,.
The Hydatides I examined, were very brittle mem-.
branous Globes, filled with a Humour, a {mall
Portion of which was glutinous like the vitreous
Humour, and the greater Part liquid and tranf-+
parent, like the aqueous Humour of the Eye.
Their Size was from that of a Pea, to the
Bignefs of a Egg. They were contained in the
Duplicature of the Membranes of the Liver and
Spleen. And, from the State of the Parts af-
fected, it feemed to me evident, that this pro-
digious Number of f{mall liquid Balls were
formed by the glandulous Papille of the Sur-
face of thefe Vifcera; which, retaining thro’
fome Indifpofition the Lymph conveyed in
their interior Texture, had been diftended by
this Lymph, and fo had formed thefe watery
Bubbles. We have already feen, that the Eye
is only a nervous Papilla, that retains its filtra-
ted Liquors. So that an Hydatid refembles in
fome Meafure a defettive Eye, and an Eye an
Hydatid very perfec, found, and compleatly
organized. In a Word, an Hydatid, in rela-
tion to the Eye, feems to be what a Mola, or

falfe Conception is in regard of a Feetus.

. The Eye then only differs from other glandu-
lous Papille, inafmuch as this Organ is formed

of
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E'l;hﬂr _of an intire Nerve, and contains in its Infide

e 3l the medullary Subftance, all ‘the fpirituous

felves in the ‘nervous Papille.” “This inner ma-
millary Texture is what was above defcribed in
the Choroides, and affigned s the immediate

Organ of Vifion, in Conjunéion with the ner-

vous: Texture that fuftains it, that is to fay,
with all the Liminz of the pic Mater. This
immediate Organ of the Sight has raifed a great
phyfical Controverfy. ' '

~ The prevailing Opinion, that Senfitions are

conveyed to the very Subftance of the Brain,

The im. has been the Reafon why the immediate Organ

gm‘""e of Sight has hitherto been plaréccl' in the Reti-
rgan of ie.n R LT : :

Vifion. na, which is an Expanfion of the Subftance of

the Brain contained in the optic Nerve. The

ingenious Monf. Mariotte, fo accuftomed to

fathom the Secrets of Nature by Experiments,

was even himfelf furprifed, that the medullary

Part of the optic Netve fhould be incapable of

Senfation *. ' g
Experi  This learned Naturalift was likewife a very,
mﬂtlt 'ﬂf L § ! 3 : ] 3 j ! Y i l. __".‘
M. Mari-dextrous Anatomift. He was fenfible the op-
erte, on tic Nerve was not expanded in the middle ‘of
the imme-

diate Or. the Bottom of the_'Eye, but a little above it, a’u&.i '
gan of on one fide towards the Nofe. So, willing to

Sight-  Liiow the Confequence in cafe he made the
' I'mage
* Journal des Scavans 1668,

B =thgl

Fluid of the pia Mater, all the Fibrille of this-
Part deftined to conflitute the fimple Papille,*
and all the Fluids atcu{taméﬁ;m affociate them-
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Image of an Obje fall dire&ly on the medul- The
lary Subftance of the Nerve, he placed at ﬁrl’c.__v__,
a Piece of white Paper the Height of his Eyes,

to ferve for the Point of fixed View.. He fhut’

his left Eye, and determined only his Right to

his Experiment.  After that he placed a fecond
Paper at two Feet Diftance from the former,

on the right Side and a little lower, that the
Image might fall direétly upon the optic Nerve

of the right Eye. After this Apparatus, he
placed himfelf over againft the firft Paper,

with his left Eye fhut, and his right fixed on
this Paper. He then faw them both. He
therefore drew back by little and little, in order
to make the Image of the fecond Paper fall
upon the optic Nerve. When he had retired
the Diftance of ten Feet, this was actually ac-
complithed; for the fecond Paper intirely dif-
appeared. He imagined at firft that his having
loft Sight of the Obje& was owing to the Ob-
liquity of it ; but he obferved he faw other Ob-

| jects that were ftill more remote from the firft

Paper, and confequently more oblique. He
repeated his Experiment,  examined it from
every Point, and was confirmed 1n the Difco-
very he had been making, that the Object dif-
appeared every Time the Image fell directly on
the optic Nerve.

I have myfelf recurred to Monf. Mariotte’s
Experiment 5 which fucceeded with me on the
very firft Trial, only with this Difference, that

it
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FT:F: it ‘was at the Diftance of eight. Feet I Joft
e~ Sight of the fecond Paper that was placed two
~ Feet from the firft. Either farther or nearer.
than eight Feet, the fecond Paper prefented it-
felf to my View.

I .did not at all confine myfelf to this fimple
Experiment. Inftead of the fecond Paper I
loft Sight of, I made ufe of a large Sheet of
Paper, and obferved that at this fame Diftance
of eight Feet, I loft Sight, in the Center of
this: Paper, of a circular Space of about nine
Inches Diameter. I made the fame Experi-
ment, at all Sorts of Diftances, bur fhall give
an: Account of thofe made at three only, which
will be fufficient to eftablifh a general Rule.
See Plate VII.

“The firft Paper, where the Point of fixed
View isin A, for all the Experiments.

In the firft Experiment, the fecond Paper (a)
is at two Feet Diftance, as before mentioned,

The Eye (8) is at the Diftance of eight
Feet.

The dark Circle (a) is nine Inches Diameter.

In the fecond Experiment, the fecond Paper
(b) is at the Diftance of four Feet.

The Eye is at that of fixteen Feet,

The dark Circle is eighteen Inches Diameter. .

In the third Experiment, the fecond Paper
(c) is at the Diftance of fix Feet.

The Eye at that of twenty-four,

The .
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The dark Circle is twenty-feven Inches, or The

two Feet three Inches Diameter.
~ From thefe feveral Experiments refult the
following Corollaries.

Generally, to make the fecond Paper difap-
pear, it muft be placed on one Side, and a little
above the firft, at a Diftance from the Eye of
about a fourth Part of that of the firft Paper.

In Proportion as the Eye recedes from the
Pomnt of View, A, the dark Circle retires likewife
towards D of the fame Point A, and is en-
larged to a Degree correfponding with this
Diftance.

Hence this Series of dark Circles, a, b, c,
~and all thofe that are to be fuppofed to be be-
tween thefe, form the dark Cone B, A, C,
that makes an’Angle of almoft twenty-four De-
grees. Its upper fide A, B, is almoft five
Degrees above the horizontal Line or right
Angle, taking Meafure from the Perpendicular
A, P, which makes here the vifual Axis. The
Axis A, D, of the dark Cone is about feven
Degrees below the horizontal Line or right
Angle. It paffes thro’ the Center of all the
dark Circles, and fo is thought to go thro’ even
the Center of the optic Nerve, at whatever
Diftance the Eye may be from the firft Paper
A. Confequently, it may be determined by
this Axis, how much the Center of the optic
Nerve, or its Axis, is below the vifual Axis,
For the more the Axis A, D, of the dark

Cone

Evy E.
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The Cone declines below the hotizontal Lite, the

E ¥y E.

more the optic Nerve is below the vifual Axis,

by reafon that the Rays crofs one another, and

are confounded in the Eye,

One may determine likewife by thefe Expe-
riments, how far the optic Nerve is diftant

from the vifual Axis towards the Nofe.

Ruletode- Lhe Perpendicular A, P, reprefents the vi-

termine fual Axis. It is the Line according to which
:fewﬂgffthe Eye is placed and direfted towards the fixed

Nerveis Point A. The pointed Lines, which from the

ditant Center of the dark Circles, a, b, ¢, pafs thro®

from the

vifual Axisthe Points of the Stations of the Eye, terminate
in the Center of the optic Nerve, and delineate

the Axis of this Nerve, Thefe two Axes, thar
is to fay, the vifual Axis A, P, and the Axis
~of the optic Nerve a, d, crofs one another on
entring the Eye at the Point marked 8, by the
firft Experiment that I made ; and at the Point

marked 10, by that made by M. Mariotte.
Confequently, the Opening of thé Angle d, e, -
formed by this Croffing, 'is with me the Mea-
fure of the Diftance of the vifual Axis from the
Center of the optic Nerve : and the Opening of
the Angle, f, g, would meafure this fame Dif-
tance with M. Mariotte. So that fince my -
Eye muft be at the diftance of ¢ight Feet (8) o
fofe’ Sight of the fecond Paper, a, while
Mariotte loft Sight of it at ten Feer Diftance,
(10) it is a Deémonftration, that my optic
Nerve recedes about a fifth farther from the

vifual *
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- vifual Axisy than did that of M. Marioite s ET‘he.
 becaufe the Triangle, d, 8, e, refulting from _ X *

e e ]
my  Station, has a Bafis about a fifth narrower

than the Triangle, Fig. 1o. g, which refules

from Mariotte’s Station. | _

. The dark Circle is nine Inches Diarneter, Towhata
when the Eye is at the Diftance of eight Feet "‘"i“‘;;*g‘_
eighteen Inches, when the Eye is fixteen Fee.t;;f; e
diftant ; and ' would be thirty-fix Inches Dia- reduced in
meter, were the Eye at the Diftance of thirty- B¢ B¥¢:

| two Feer. The dark Circle of three Feet is the

| Portion of ‘the Image whicl falls upon the me-

| dullary Center of the optic Nerve, This me-

| dullary Center at the Bottom of the Eye is no

| larger than a fmall Pin’s Head, ot the third or

l_ even fourth Part of a Line. ' So that at thirty-

| two Feet Diftance from us, a Yard of Space is

| included in ‘an Image of about ‘a Quarter of ‘2

| Line. What would it be, were the Obje&ts

| feveral Leagues diftant? How many thoufand

| Feet of Space crowded into the fourth Part of

| a Line! For Inftance, T am on the Top of

| Montmartre: all Paris, that immenfe City, and

. the Extent of Plain that furrounds it, with its -
magnificent Palaces, are actually painted fuffici-

- ently diftinét in the Bottom of my Eye.

Here the Horizon comprizes “about feven
Leagues, and the Bottom of my Eye feven

Lines. It is a League of Country for every

Line, and a Quarter of a League-for the fourth

- Part of a Line, which I before hinted,

This
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The This Reduction of feven Leagues of Country,

A Bl ,toadiftinét Image of feven Lines, is undoubtedly
wonderful. It is aftonithing even at firft to the
Imagination, tho’ no ways repugnant to our
Reafon, nor, indeed, furpafling its Lights.
Were one inclined to exceed the Truth, on
this Head, and talk in the miraculous Strain,:
the Gafconade would be eafily deteted. We
have feen Landfcapes of a very large Extent,
brought by our Painters into the Compafs of a
Foot of Canvas. I have feen fuch in the Space
of an Inch, and even in the Compafs of the
Signet of a Ring, Nobody is ignorant what a
Difference there is between the Size of a Painter’s
Pencil, and the Filaments of Light that enter
the Eye. We are therefore foon recovered
from our Aftonifhment, and comprehend clearly
how much Nature furpaffes, and ought neceffa-
rily to furpafs, the Productions of Art.

Alarge  From the well-grounded Exiftence of the

wvifible dark Circles, which I have been fpeaking of, I

Circle fire oL o this farther Conclufion, that, in refpect of

rounds
every  every thing we fee, there is on each Side of

fung W them a large Circle intirely hid from us, A b
one-eyed Perfon in particular lofes a confidera-
ble Part of the Objects that prefent themfelves,
if he looks on them at never fo little a Diftance.
The Quicknefs of the Motion of the Eye reme-
dies in a fmall Degree this Inconvenience, by
taking a fucceflive Survey of every Objeét ; but
it does not intirely repair it. The Point of

Shade
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fame Reafon that it paffes the Objes in Re-
view, it muft alfo cafl a fucceffive Eclipfe on
feveral of them.

Mind to draw from this Experiment, is to ftrip

immediate Organ of Sight, and the Matter
feemed to be a Demonftration.. But indepen-
dant of this very ftriking Obfervation on the
Impotence of the medullary Part of the optic
Nerve, what we learn from Surgery, concern-
ing the Infenfibility of the Subftance of the
Brain, feems neceffarily fufficient to make us
conclude, that the medullary Part of the Nerves
cannot be the Organ of any one Senfation, nor
confequently of Vifion.  In the mean Time
this' fingle Experiment had not Force enough
againft an eftablithed Opinion. A thoufand
Subterfuges might have been oppofed to it.
It would,  perhaps, have been granted, that the
‘medullary Subftance of the Brain and Nerves is
infenfible to the cutting of a Knife, but not fo,
it might have been urged, to Light propor-
tioned to ' its Delicacy.  Therefore Falts were
neceffary, fuch as M, Mariotte’s Experiment,
o render the Opinion of the Partifans for the
Retina fufpected of Error; and M. Muriotte
wanted a Perfon of M. Mery’s Genius and
Difpofition, to evince, by profound anatomical
Refearches, what the Naturalift had began to

M eftablith

Shade every where attends the Eye, and for the The
S

The only Confequence, M. Mariotte had aSequel of
the Proofs
: againft the
the optic Nerve of the Fun&ion of being the Retina.
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eftablith by an optical Experiment. M., Mery

E_Y__;P]Uﬂﬂ'td a Cat in a Pal of Water, and

examined the Bottom of her Eyes ; the internal
Parts of an Eye, when plunged in Water, ap-
pearing more diftinétly. He faw on this Occa-
fion, that the Retina was as tranfparent as every
Humour of the Eye, and concluded from
thence, that this Membrane was no more the
immediate Organ of the Sight, than the cry-.
ftalline and vitreous Humours ; as the Rays

pierced it as -eaflily as they pierce the other:
Humours.

Objections  Subterfuges neve:thelefs are in the mean

and An-
fwers.

Time oppoled to all thefe demonftrative Proofs.
Firft, the Retina, it is urged, in fpite of its
Tranfparency, has a Sort of Opacity almoft like
that of oiled Paper. Take the Eye of an Ox,
feparate the Coats from the Bottom of it, clofe: 1
by the Retina ; place this Eye at the Hole of 1
the dark Chamber, and the Image of Obje&sf .
will be painted on the Retina, notwithﬁandintn
this Separation of thofe Coats, -
This little Opacity of the Retina is a Proof
that it intercepts a fmall Matter of Light, that’!
it {oftens the Impreflion of it, but not in the j
leaft that it is the Organ of Vifion. On the
contrary, as the Retina intercepts but a very |
minute Portion of Light, fuffering almoft all
the Rays to pals, it cannot be the Organ ﬂfﬁ
Sight. Becaufe an Organ ought to put a Smp..
to the whole Object, and fix it intirely. This

Organ i
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~ Organ therefore is rather the Membrane, on ETjEﬁ
which the Retina lets all the Light that efcapes —
ifelf fall, to be abfolutely abforbed by this fe-

cond Membrane.

Secondly, two Replies are framed to our fa-
mous Experiment from the dark Circle, which
falls on the Center of the optic Nerve.

M. Pecquet afferts, that it is a Trunk of a
Blood-Vefiel, that occurs in this Place in the
Retina, and intercepts the Aétion of the Ray.

But it is evident, that Light freely pierces
our Solids and Fluids ; particularly when they
partake of fuch a Degree of Finenefs, as we
find they have in the Retina. Without this
Circumftance, what Darknefs would there not
be in an Image! What a Syftem it is they
adopt ! Becaufe the Retina has a confiderable
Number of Veffels thro’ the whole Extent of
it 3 fo, according to M. Pecquet, thro’ all
the Courfe of thefe Veflels, Light would make
no Impreflfion cither on the Retina, or on the
Choroides that is behind the Retina. In the

. mean while this Darknefs is contraditted by
| Experience.

Monl. Perrault, in his Turn, fays, that the
Retina, being tranfparent, ftands in need of the
Choroides to refleét back the Rays on it, as a
Looking-Glafs requires Quickfilver ; and that
at the Centre of the optic Nerve, the Retina
being unfupported by the Choroides, is like

M 2 Glaffes,
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The Glaffes, whofe Quickfilver had in fome Part
E v E.
— ~ Deen peeled off. -
This Academift compares the Choroides to
the Quickfilver of a Looking-Glafs, whereas it
precifely produces a quite contrary Effeét. The
Office of Quickfilver is to make a lively Reflec-
tion of Lights the Choroides, on the other
Hand, is a black Down, which totally abforbs
this Light, and confequently can remit no Sen-
fation of it to the Retina. He is obliged to
own, that, where the Choroides is defeétive,
there alfo Vifion fails ; and that thus the Cho-
roides is an Organ as effential to this Senfation,
as Quickfilver is to the Effect of the Looking-
Glafs, which is the Refle&tion of Images. 1
admit the Comparifon in this Inftance. It is

Image we believe we fee in a Glafs 3 it is that

alone, which produces the intire Effect of the

Mirrour, the Glals of which ferves only to fix

the Quickfilver, and to let the Rays pafs. In

The Cho-like manner, it is the Choroides that performs

:I‘:;df;;_al] the Func¢tion of Vifion, and that is the Seat

diate Or- of this Senfation ; and the Retina is no more

E?g“h:’f than the Glafs that lets the Images pafs, "What

 other effential Funétion can be attributed to the

Choroides in Vifion, than that it fhould be the
immediate Organ of it ? -

Beficles, in the Choroides are affembled’ all
the Qualities requifite to form the Organ we
are in quelt of, It is a Continuation of the pia

Mater,

the Quickfilver alone that refelts the diftin& i

b T e I e S e
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Mater, which we difcovered above to be the The
real general Organ of Senfations, The Ch&f_:_i,
roides is folid, elaftic, and extremely fenfible,
It is furnithed with a Sort of black Down intirely
adapted to abforbing of Rays, or Images, and
confequently receiving the whole Impreffion of
them, and that diftinctly. We above obferved,
that the Papille of the Tongue abforb the fa-
voury Juices ; that the Infide of the Nofe re-
tains the odoriferous Vapours, é7¢. It is almoft
' the general Struture in the Organs of Senfation,
' and there is no one where this Structure is
- more effential, than in the immediate Organ of
. Sight. Becaufe in cafe this Organ had not ab-
| forbed the Image, and reflected it, this reflected
- Image had been fcatrered thro® this whole Cop-
' cavity, all the Parts of this Concavity had pro-
- duced fimilar Reflections, and there would have
been, all thro’ the Organ, a ftrange Confufion of
- Rays, and of Imprefions, without any Image,
or diftinct Senfation. - It is partly for this Rea-
 don, that old People, in whom the black Liquid
- of the Choroides falls thort of its fine fable Co-
' lour, difcern not Objes fo clearly as formerly,
- but with a Sort of Confufion. The Choroides
. therefore is the fole Membrane of the Eye pro-
per to conftitute the immediate Organ of
. Vifion,
 When we would examine the Goodnefs of an
Eye, we place the Perfon over againft a fine
Light, and clofe both Eyes. We then fuddenly
5 M 3 open
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Th= open the Eye we have a Mind to examine. We
;__..V___,next remark the Motion the Iris makes on the
Entrance of Light into this Organ If it con-
tracts itfelf a good deal, the Eye is very good 3
if but a little, it 15 an evid=nt Sign it fees but
feebly s and fhould it remain immoveable, it is
ablolutely deprived of Sight.

A good Eye contraéts its Pupil, by reafon
the immediate Crgan of Vifion is attacked by a
lively Light, that ftimulates it, and determines
1ts Fibres to fhorten themfelves. The bad Eye
continues immoveable, becaufe a bad Eye is that I':f.'
which is no longer fenfible of the Impreffion of
Light 3 which Infenfibility is the Reafon why 1t
1s not excited to a Contraction of its Fibres. It
is therefore the fame Organ, which perceives the
Impreflion of Light, and that contraéts its Fi=
bres in Confequence of it. Now the Iris,
which contracts itfelf hikewife, 1s the Continua-
tion of the Choroides, and has no manner of
Connexion with the Retina. Therefore che
Choroides is the immediate Organ of Sight.

It fometimes happens, that, in an Eye that iﬁ.
is loft, the Iris will have a {mall Motion, on
opening the found Eye to a glaring nght.
The Iris of the loft Eye contra&s itfelf on that
Occafion thro’ the Senfibility of the found Eye, |
which determines a {mall Portion of the Fluid
thar caules the Motion to flow in the Nerves of
the other, where fome Pipes of this Fluid re-
main ftill open, tho’ all the Canals of the fenfi-
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tive Fluid be intirely (hut up ;3 becaufe thofe are E'I;hEE
of another kind, .and of a confiderably finer (s
Texture, as we have feen.

The Accidents, which befal the Eyes, are
farther Proofs on the Part of the Choroides. In
cafe an Inflammation, or painful Tenfion, af-
~ fects the Eye, the immediate Organ, endued
thereby with too great a Senfibility, finds itfelf
hurt by the ordinary Light, and fufficiently agi-
tated by the moft feeble Rays, as we have feen
by the Obfervations of thofe Perfons, who can
difcern Objects in the dark. But, of all the
Parts of the Bottom of the Eye ftruck by lumi--
nous Rays, the Choroides alone is fufceptible of
Pain, Tenfion, and Irritation ; inalmuch as the
Retina is only a foft and infenfible Subflance.
Therefore the Choroides is the immediate Or-
gan of Vifion. -

To what Purpofe then ferves the Retina ? It Ut of the
ferves, firft, to give to the vitreous Humour, Retira.
and the Cryftalline it embraces, their remarkable
Confiftence. Secondly, to convey to the Co-
rona Ciliaris; the Fluid that is the Principle of
Action, purfuant to the ordinary Ufe of the
Center of the Nerves, and of their medullary
Subftance, which conftitutes the Rerina,
Thirdly, to perform on the Choroides “the
Function attributed to the Cuticle that covers
the Papiliz of the Organ of the Touch, or to
difcharge the Office of the porous Membrane
covering the glandulous Papille of the Tongue.

M 4 That
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The ~ That is to fay, the Retina receives the Impref-
t " fion, moderates it, and fits it, if I may be al-
lowed the Expreffion, to the Unifon of the
geruine Organ. But, in receiving this Impref-
fion, it is no ways fenfible of it. The Image is
reprefented on the Retina, as on an oiled Pa-
per. Itis not the oiled Paper that difcerns the
Image, it is the Eye, the Organ that is behind
the Paper.,
Let us quit for a Moment the Infide of the
Globe of the Eye, and furvey the Machines
that are difpofed around this Organ for the
Perfection of its Fun&ions.

The Glafs, which makes the Entrance of
_the Globe of the Eye, is not a folid Cryftal.
It 1s, 1t muft be owred, a hard and polifhed
Membrane, but it is ftill a Membrane, and

Organ ofowes all its Smoothnefs and Tranfparency not
the Tears. only to the aqueous Humour it contains, but

alfo to another limpid Water that inceffantly
moiftens it without, and exaltly fills its Pores.
Deprived of this Water, the tranfparent Cornea
being expoled to the Air grows dry, thrivelled,
tarnifhed, and ceafes to let the Rays pafs. This
Water fo effential to the Tranfparency of the
Cornea, and to Vifion, is the Tears.

For the Source of thisLiquid is afligned a com-
plicated Gland, fituated on the external and upper
Part of the Eye, called the lachrymal Gland *.

The

* Confult, on the Head of this whole Deﬁ:np: on, the
Figures of PIate VIII.

I T T S R~
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The Tears are fhed on the fore Part of the Eye E'-Ik
by very fine Conduits ; and the frequent Motion o
of the Eye-Lids fcatters them, and by that
means waters all the polifhed Surface of the Eye.
They are afterwards conveyed towards the An-
gle pointing to the Nofe, or the grand Angle,
by the twinkling Edges of the Eye-Lids,
which {eparately do the Office of a Gutter, and
jointly the Office of a Canal, and at the fame
Time that of a Pifton or Sucker of a
Pump.
On each Tye-Lid towards this great Angle,
where the Tears are conveyed, we meet with a
Sort of fmall Refervoir, the Orifice of which is
termed Punétum Lachrymale. Each of thefe
minute Canals are united at the great Angle
with a common Refervoir called Saccus Lachry-
malis. ‘This Bag is attended by a Canal,
named the Lachrymal Pipe, which defcends
lodged in the Bones even to the Nofe ; where
it difperfes the Tears that concur to moiften
this Organ, when they flow not in too great
Abundance. But, on weeping, there is a Ne-
ceflity of frequently blowing the Nofe, in or-
der to difembarrafs it of the Tears, which
there flow at that Time in too great a
Quantity. '
It was not at all fufficient, that the Globe Of 'he Mt
the Eye fhould be watered in order to preferve cles of the
.its Tranfparency and Beauty ; it was neceffary LRE Kheie

{ Ufe, and
likewife that thefe Telefcopes of the Soul fhould Origin.

be
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The be direCted towards the Objects we would take
X %, View of ; and that they fhould be dilated to
receive diftinétly the Images of neighbouring
Objeéts, and contracted for the receiving thofe
of Objeéts at a Diftance, for Reafons we fhall
fee by and by. Now all thefe refpetive Mo-
tions depend on fix Mulicles, furrounding the
Globe of the Eye *. Four of them direét it
in its ftrait Motions, upwards, downwards, and
fideways. ‘Thefe four principal Mufcles, ating
in concert with the two others, perform the ob-
lique Motions.

Thefe Mufcles rife from the Circumference
of the optic Hole at the Bottom of the Orbit,
thro® the Angle formed by the Divifion of the
two Laminz of the Dura Mater 3 one of which
of confiderable Thicknefs, invefts the optic
Nerve, and the other, very fine, lines the Of-
bit, as has been already hinted. Thefe Mufcles
do not, as is generally the Cafe, derive their
Origin from fome Bone. Their tendinous, or
rather nervous, Beginning, is vifibly a Part, or a
Produétion, of the exterior Lamina of the
Dura Mater 3 which is only of that Thinnefs,
becaufe thefe Mufcles are produced at that

"The Bones Membrane’s Expence : which, I make no man-
and Muf-per of doubt, has produced likewife the Orbit,
:ﬁf]f;:_ lined and nourifhed by its exterior Lamina. For
duétion ofro nourifh a Part, to give it Accretion, and to

the D - :
Marer.  form it, feem to me three Things confequent to

one
* See Plate I1.
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one another. What the Dure Mater does in EThe |
regard of the Eye, it performs in refpe@’ of a—ll.___:L
the reft of the Machine. It accompanies the
“whole nervous Syftem, and lines all the Bones
“under the Name of the Periofteum : and it is
from thefe Perioftea, that the Mufcles take
their Rife. It is the Reafon, why Parts fup-
plied with the moft fubftantial Nerves, as the
Thigh, are furnithed likewife with the moft

confiderable Bones and Mufcles, Ours is analo- All Parts
gous to the Formation and Accretion of Veg:-fnfa'ih* ete
“tables. One fole Principle extended, unfolded, Spring
and varied, forms every Species of Parts.gf:;‘nth‘
- From the Root of the Plant fprings the Trunk,
 the Branches, the Leaves, Flowers, Fruit, and
their refpettive Parts. From the Brain and
Nerves is every thing formed in Man. His
Mechanifm is of a more complicated Nature,
but ftill it is really Mechanifm.
Generally all the Mufcles of the Eyé corre-
fpond in their Motion, and determine at one and
the fame Time the Axis of each Eye towards
the fame Point, towards the fame Object 3 and
this ordinary View is called a diresz Sighe.
Sometimes the Eyes are in fuch a State, that
there 1s no dire€ting both of them in a ftrait
- Line towards the Objett they are fixed on,
.~ “which Circumftance is termed Squinting.  This Squinting
- Defeét proceeds from the Equilibrium being fo%
-broken among the preceding Mufcles, whether
by Accident, or determinately. The Equili-

brium
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The brium is deftroyed among the Mufcles of the
j..::_'_,EYE: firft, by reafon that one of the Mufcles

1s weaker than the reft, occafioned either by a
paralytic Diforder of the Nerves, or by a Sort
of Sprain of this Organ confequent to fome vio-
lent Motion. =~ Secondly, Squinting arifes like-
wife from one of the Mufcles contraéting itfelf
in a greater Degree than the others, thro’ an
acquired Habit of forcing the Eye in the Di-
retion of this Mufcle. This is the moft ordi-
nary Caufe ; and it is thus that Infants in the
Cradle, excited by fome Obje& or other to turn
an Eye ftrongly fideways, contraét this ill
Cuftom of Squinting. We fhall afign hereafter
an additional Caufe of this Defeét,

Let us fee, in the mean while, how the Images
of external Objects come to be painted in this

wonderful dark Chamber, accommodated with

its Lens’s, and a Texture, that not only receives
thefe Images, but even perceives their Impreffion.
We have feen, that the Action of Light

How Ob.confifts in the Vibrations of this Fluid excited

jeéts are

painted in

by luminous Bodies, and refleted by Bodies

theBortom vifible. A Body is not feen, but inafmuch as it

of the
Eye.

refleCts thefe luminous Vibrations back to our
Eyes. Itis onlytheSun, and luminous Bodies,
that become Objects of Vifion by Vibrations

immediate and without Refletions. Thefe.

Vibrations, refleted by illuminated Bodies, are
quick and lively, when they fhoot from the
Surfaces of Bodies, which reflect a great deal of

- Light 3

A
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Light ; or that are at the regular and dire& X, g
Point of Refletion, explained p. 100, €7, Thefe Camymd
Vibrations are feeble in Proportion as the Re-

fle¢tion is more indireé, more oblique, and lefs
fupplied with Rays ; and it is this more or lefs of
reflected Light, which forms the Image of Bodies. -

For the Parts of the Surface of Bodies,

- which we receive the regular Reflexion of,
conftitute the luminous Points of their Images.
The others, which dart on us a more or
lels oblique Light, form the Gradations,
Mixtures, and Shades of thefe Images. In
fhort, Light delineates on the Choroides, as
- we delineate on a black Paper, in Crayons,
white, grey, &c. We put white, that is, a
great deal of Light, in thofe Parts of the Picce
which ought a good deal to project, and ap-
pear in a ftrong Light. Grey, or, in other
Words, a fmall Portion of Light is placed in
the Parts, which ought to proje@ lefs and ap-
pear more obfcure 5 and, in fhort, the Paper is
Ieft all black, that is, no Light at all is dif-
played on the Places that fhould be intirely dark,

In order to form an Idea how a Body diffu- . 5
fes its Image to all Diftances, and in all the Image of
Points of Space that furround it, we muft lookan Obje&t
upon all the Particles a vifible Body is compofed :ﬁcﬁfﬂ .
of, as fo many fmall pyramidal Mmml:ahw,é’“f““ Lok
every one of which fecatters a Sort of Atmof phere {',-_E:-gi;dat
of Rays towards all the Points of Space withit.
which this Part of the Body correfponds.

Fach
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The Each Particle or each Point of the Body mak-

.E Y -,ing a like fcattering of Rays, all thefe Rays

muft neceflarily crofs one another, meet one

another, and unite in all the Points of Space

that furround the Body. Now as from all the

Points of Space furrounding a Body, there is ef-

fected a Union of Rays refleCted from every

Point of the Objeét, there is alfo produced an

Image of this Object. For the Image of an

Obje&t is nothing elfe than the Union and Af-

femblage of Rays refleted from all Points of

the Surface of this Obje¢t. In order to give

a fenfible Idea of this Scattering, Croffing,

and Union of Rays, fee Fig. 1. where we

have taken only three Points of the Objett,

and have fcattered of thofe but a few Rays, not

to embroil and confound the Figure. All the

Points, 0, of the Circumference of this Object,

where the three Sorts of Rays unite, are thofe

where the Obje& is vifible. Now naturally,

this Union is in all the Points of this Circumfe-

rence, as the Number of {cattered Rays is in a
manner infinite,

I conceive, you will tell me, that when the
Rays of the Sun from the South go to firike an
Object placed in the North, my Eye, fituated
Southward of this Objeét, will receive its Image.
But how fhall I receive this Refleétion and this
Image, if the Object be between the Sun and
me ? And yet, notwithftanding, I do not at all’
ceafe to fee it in this Situation. .

You
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You fee it : Therefore you receive: the, re- 'ETEF
Hected Rays of ,it.l You do not receive the um- ;H::_,

mediate Refle¢tion of the Rays of the Sun, but
‘that of the. Rays, which, having paffed this
Object, and having been ftruck by other
Bodies, the Air, and perhaps yourfelf, have
been reflected from thence towards this Object,.
which tranfmits them to you in its Turn, For
altho’ the Action of the Sun, and of all lami-
nous Bodies, has but one fole Direfion, yet
Objects reflect Rays in all Directions, and from
every Point of their whole Circumference. Be--
caufe this firft Direftion, imprinted on Rays
by luminous Bodies, is varied in a thoufand
and a thoufand other Directions, by the innu-
merable Reflections which thefe Rays undergo
from all the Bodies, and every kind of Matter,
that occurs to them.

- Let us take one of thefe Points, where thefe What ar.

three Sorts of Rays crofs one another, andfives to
5 the Image
there place an Eye, Fig. 2, Plate IX. that pafies

The Ray A, a, that darts from the Puinl:‘E}"‘: the
of the Arrow, A, B, in paffing from Air to °
‘the tranfparent Cornea and aqueous Hu-
mour, paffes from a lefs denfe Medium to one

that is more denfe. It muft therefore be re-
fracted in approaching the Perpendicular, p.'r ;

the inferior Ray, B, b, does the fame. The

Rays approach one another, and are collected

in a lels Space in order to pafs thro® the Pupil.

In
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In piercing the Cryftalline Humour, K,
they are ftill ‘more ‘compact by the fame Law.

In-going from the Cryftalline Humour, the
Rays pafs to thé vitreous Humour that is a lefs '
denfe Medium, and there ought to be refracted
on receding from the Perpendiculars g, g ; but,"

receding from thefe Perpendiculars, which have

a Direltion oppofite to the former Directions,

the Rays continue to approach one another, and
are- collected towards the Axis of the Eye, to
the Bottom of which they go to convey their
Impreflion, H, I, L. This Impreflion is
made in a reverfed Dire¢tion. The Ray, A,
a, falls in L on the oppofite Side, and the Ray,

Objedts areB> D, pafles alfo on the other Side H : becaufe
invertedatthefe Rays crofs one another conformably to

the B

tom of the WHat we fee in the Experiment of the dark

Lye.

Chamber. There is only the diret Ray I, K, I,
which regularly follows the vifual Axis, and is
not at all refratted, becaufe it is perpendicular
to the Cornea, and to the whole Globe.

If the Experiment of the dark Chamber does
not carry with it fufficient convictive Evidence,
take the Eye of an Ox, its Bottom ftript of the
Sclerotis and Choroides in fuch a Manner,
that the nitrous Humour is only covered by the
Retina.  Place this Eye over againft two
Candles. You will fee thofe Candles painted
in a reverfed Order on the Retina, and will
obferve that the Candle on the right Side falls
aon the left Side of the Bottom of the Eye, Or,

if

¥

i
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if you place one above the other, you will fee TﬁE
that the upper Candle will be painted on the‘__.‘__a
lower Part of the Bottom of the Eye, and that
the lower Candle will be painted on the upper
Part of the fame Bottom. A Fa& you may ea-
fily be convinced of; by removing fucceflively each
Candle in order to take an exact Survey of them.

In the mean while, if we place ourfelves once
more on the Top of Montimartre, and take aHow the
Profpect of the vaft and fuperb Horizon th;ztR;}'f of a
furrounds Paris and its Suburbs, the aftonifhing Plain may
Reduction of feven Leagues of Country ogrofs one
feven Lines at the Bottom of the Eye is but aiﬂ?ﬁgﬁ
common Effe, in comparifon to what falls oyt Confufion
in the Pus
at the Point where all the Rays; that convey g,
to us this Pifture; crofs, The Rays that
comprife the Piture of all Paris, thrice of the
Compafs of all Puris, are united, not in feven
Lines, but in a fingle Point. This is wonder-
fully furprizing in the firft Place. This pro-
digious Quantity of confufed Rays lofes, in this
fuppofed Confufion; neither its Direction; nor
€olour; nor Force: All thefe Rays are fes
parated afrefth, and approach the Bottom
jof the Eye as diftinétly as if they had
jnever met; an Effect ftill more aftonifhing:
 For, in fhort, Matter is impenetrable; How
Itherefore can Rays; tranfmitted from feven
 fquare Leagues, keep together in a Point; in a
Pin-Hole, thro’ which I would fee this Plain,
p;nd that without being in Contact; without any

| N mutual
!
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The mutual Collifion, or the leaft Interruption to
E ¥ B one another imaginable ? T own, I do net ap-
prehend it. Becaufe 1 have no Apprehenfion

but of Things that bear fome Refemblance

with others I have feen; and it is certain, I
could never fee even in Light itfelf a Pheenome-

non of this kind. It is a Faét, notwithftanding,

true, real, and natural ; and confequently, tho®.

I have not an Apprehenfion of it in the manner

I have of large Objeéts, I can yet conceive it,

and form to myfelf an Idea of it. 4

It is ufual enough to fay, that all the Rays nE‘%:*'r

a Plain come to penetrate one’s Pupil ; and from
thence it is furmifed, that Light is a penetrable
Matter, a Matter that -is equivocal. But this |
feems to me to be a Sort of Impofition. For it

is to be remembered, that Bodies do not aftu-

ally tranfmit Rays to our Eye, but only excite
Vibrations in an Ocean of Light ; and that thefe"
Vibrations are communicated to the Light that
refides in our Eye: A whole Plain therefore

does not tranfmit Rays to the Eye, but a whole

Plain communicates its Vibrations to the Lighg
refiding in the Eye, in the Pupil. There is

ever in my Pupil but the fame Quantity of

Quantity of V1|Jrat1crns, whether the Cone be
{mall, that is to fay, ﬂlort, as when I am in my
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'%ng, as when I am upoy Montmartre.  All the

ifference there is confifts in this, that, when I
am in my Chamber, my Library, which I have
in View, puts the Light in Motion in my Pupil,
which all Paris would there put in Motion were
1 on Montmartre. Each Volume is, there, in-
ftead of a great Houfe, a Palace, or a Church.
There would not be more Light in my Pupil
on beholding all Paris, nor even a greatcr Mo-
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tion of the Light that is 11 it. Only the Parts

of Light put in Motion by Books, Pictures,
and Tapeftry, would be put in Motion by
Houfes, Caftles, and an open Country ; that
is to fay, by Cones of Light correfponding with
all thefe Things. My Pupil, it is true, con-
tains a very {mall Space of Light to be divided
for fo great an Extent of Objects. But it
is fo much the worfe in that Refpect.
For the Extent of Impreffions is always the
fame, and the great Extent of Objeéls muft
penetrate the fmall Extent of my Pupil, and the
little Quantity of Light refiding there : and if
Objelts have fo great an Extent, or fo many
Impreflions to lodge in this narrow Compals,
they will be one upon another, and intirely con-
fufed. A Houfe, for inftance, will be but a
Point of Shade; becaufe it will take up o
more Room in my Pupil, than the Point on the
Letter 1 of the Book I read ; and from hence
arifes the Confufion obfervable in large Prof-
pefts. It is therefore evident, that all the Ho-

N 2 rifon
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FThn rifon of Paris does not tranfmit more Light to
- T E.

‘ ,my Eye, than my Chamber when I am in it,
or even the fole Page of a Book, when I look
on it near.

Does not this Precifion of Idea, on the Na-
ture of Images, feem to begin to render this
Effeét fimple and natural ? One cannot, it is
evident, be under a Temptation any longer of
efteeming it myfterious, or of making it a Sub-
je&t of divine Revelation, However, let us
confider it with Attention. Tho’ I have done
all in my Power to render this a fimple Phceno-
menon, and have ftripped it of its feeming to
carry with it fomething miraculous, there ftill
notwithftanding remains in it fufficient Matter to
fill us with great Aftonithment and Admi-
ration, ;

The Light of my whole Chamber, or of a2
whole Plain, does not come to be confufed in
my Pupil ; but the Motions imprinted on the
Light that is there already, really crofs one ano-
ther without any Diforder, which Motions are
ever in prodigious Number. Forafmuch as
each Toife of a Plain, containing one hundred
Millions of them, correfponds only with a Point
in my Pupil, a hundred Millions of Points of
Light muft ftill be found in my Pupil, a
Circle of a Line and a half Diameter, And
thefe hundred Millions of Globules are there at |
their Eafe. They have Vibrations that crofs
one another without the leaft Moleftation ;

that
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 that is to fay, the Phcenomenon of Vifion fup- EThE
 pofes, that a Circle of a Line and a half, or_ >
even a Pin-Hole, contains a hundred Millions The pro-
- of luminous Globules, befides other Particles nfi}ﬁﬁ?ﬂ?‘
' Matter of lefs Subtilty ; and farther, that thereand Poro-
| are between thefe Globules more than a hundredﬂgﬂ‘:{_

' Millions of Pores, or a Space larger than thefe

' Globules, and thefe other Particles of Matter

| penetrated by them. In a Word, Vifion fup-

| poles in marter an aftonifhing Divifion, and a
 Porofity more than aftonifhing ; Qualities of

| Bodies the beft proved, phyfical Principles the

| moft certain. Does not the Microfcope dif-

' cover to us on our Skin five and twenty thou-

‘fand Pores in the Space that covers a Grain of
'Sand ? A thoufand of thefe Grains of Sand

' might find Room in the Pupil, where would of
icourfe be contained likewife five and twenty

| Millions of thefe Pores. But it ought to be
\obferved, that thefe Pares are Orifices of Velfels

'made of folid Sides, compofed themfelves of
‘hollow Tubes, and that thefe Veflels convey to

rour Atmofphere a Flood of Vapours. It would

‘be thought a very extravagant Calculation,

'were I to reckon the Area of this Torrent of
'Vapours, and the Texture of its Canal at a
‘Million of "Particles, One would meet with
notwithftanding five and twenty Millions in a

'Space no longer than that of the Pupil. That

is to fay, there would be found two hundred and

fifty Times a hundred Millions, or two hun-

N 3 dred
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dred forty- nine Times ‘more luminous Glabules in
‘E_. Zyour Pupil; than 1 have counted ; and in the
mcan while what a Difference there is between

thefc grofs' Particles, "and ~thofe of Light. |

Muft we not then imagine, that there are not |
above a hundred Millions of luminous Globules

in the Papil, or at leaft in 2 Pin-Hole ? T have .

no Inclination meerly to aftonith the Reader;

for fiill even this Number, wonderful as it -

15, ought to be looked upon as falling far §

fhort” of the real Faé. Nature does not ¥

ftop there, and we muft follow her. Let

us therefore boldly pronounce at once, that

there are in the Pupil, not a hundred Millions

of luminous Globules, but a hundred Millions

of luminous Pencils, compofed perhaps them-

felves of as many Globules, and of abundantly '

more Pores between them. It is obvious thro® &

all this Work, that the groffer anatomical Ob- |
fervations lead one on infenfibly to thefe moft
furprizing and almoft incomprehenfible Fine-

neiles of Matter, |
Admire then thefe Pheenomena of Nature,

not like one devoted to Myfteries, who re- i
doubles his Enthufiafims in Proportion to their
Obicurity, and the impenetrable Darknefs they

are involved in.  But be filled with Admiration =

as a Philofopher, that is touched with the Beau- |

ties of the Mechanifm which falls under h:s'
Conception, '

What |
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‘What I have been faying, concerning the ET:Z

Aétion of Rays, fuppofes that, befides the Po- i moy

rofity of Bodies, there is a great deal of Vacuum The per-
ks . ; ﬁ':ft I}IE'-
between the Particles of Matter ; and, 1n my .. of

Opinion, there is nothing in Phyfics more ceraﬂfjﬂimr,
and the

tain. I will not pronounce with Sir Ifaac ..,

Newton, that there is not a cubical Foot ofwiar com-
Matter from the Sun down to us. But it fe&msiﬁh Efﬂ
to me evident, that the perfet Plenum 1s asequally
repugnant to the Laws of Nature, as the cnmﬂmpﬁmbk‘
pleat Vacuum ; and that both the one and the
other would render Motion impoffible : the
Plenum by too many Obftacles, as Sir Ifaac
has demonftrated, the Vacuum for Want of
contiguous Bodies, without which there can
be no Communication of Motion. Befides, all
Matter is porous, and no Matter can be in
Contact with another without Vacuities between
them. Whatever infinite Series we may fup-
pofe of fubtile Matter to fill thefe Pores, the
Series of Vacuums will be more than infinite,
and follow Matter univerfally. How willing fo
ever we may be to unite all thefe Series of Mat-
ter without Intervals, if we fuppofe them to
have a Figure adapted for an exacc Conjunction,
they would form no more than an univerfal im-
penetrable Solid. Gold and the Diamond are
only Spunges in Comparifon of what would be
then the whole Univerfe. One has not, it is
objected, the leaft Idea of a void Space. In
the mean Time it was the firft thing I have

N 4 the
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The the beft Conception of 3 and I was forced to gq
. - thro’ a Courfe of Phyficks in order to get rid
~ of this natural Idea, and to be convinced that
my Chamber is full of Air. For my Senfes
had never pointed out to me any thing elfe than

a Vacuum.
As there are Vacuities between the Particles of
Light, confequently thofe Particles are not in
immediate Contact, as Des Cartes imagined 3
nor is Light propagated from the Sun to us in
an Inftant, Becaufe the Vibrations and Undu-
lations of Light run over the fmall Spaces
which divide its Glabules, and all Space de-
mands a certain Time to be traverfed. With-
out thefe Spaces, without thefe Voids, how can
one conceive the Vibrations and A&ion of
Light? But thefe Spaces are not of that Im-
menfity as thofe which Sir Ifagc Newton
makes Light run over, and, on that Ac-

count, the Propagation of it is more eqﬁly_r
gonceived.

The
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The

SicHT.

The PRINCIPAL PHOENOMENA qf*--r-! ~J
VISION,

Why we f[ee Objells flrait, tho' they are
;)afn;ed rmfrjéd in the Eyes,

HE Soul muft fee the Rays, or rather

muft perceive them in the different
Parts of the Eye, in the manner fhe perceives
the Fire that affets different Parts of the Hand.
If the Fire burns my Thumb or little Finger,
fhe is under no Miftake on that Account.
In the mean while the Image of Objetts con-
veyed to the Bottom of the Eye is found rever-
fed from Top to Bottom, from left to right,
and yet we ceafe not to difcern the Objecs fuch
as they are in themfelves, What then in this
Cafe becomes of the Juftnefs of the Soul’s
Judgment ? Or rather by what means will fhe
correct her nrdmary Judgment, fo as not to
render it conformable to the Situation of Images
and Impreffions, but intirely fo to that of Ob-
jects 2 How in fhort does the convey to the
lower Part of the Obje, the Senfation fhe re-
ceives at the upper, from the Bottom of the

Eye, and to the right the Impreflion fhe re-
geived from the left ?

The



The The grand Mafter the Soul follows in this
. pIee , Particular is the Touch. This fole Senfation is the
‘ competent Judge, the fovereign Arbiter of the Si-
tuation of Bodies. It is this Mafter that firft told
us we walk upright, and that, in confequence of
this firft Rule, gave us a true Idea of the Situation
of other Bodies.. The Soul has been convinced
by Demonftrations: (for fuch they are) of this
Senfe, and knows otherwife that the Eyes are
very apt to deceive,  She therefore faid,—Since
Peter, whom my fTands and the proper Situa-
tion of my Body have demonftrated to me to
be upright, traniinits to the Eyc an Image in-
verted, I will conclude all Obje&s hereafter to
be right, that fhall be painted in .my Eye re-
verfed, and all thofe reverfed, that fhall be
painted right. The Judgment of Reafon was
immediately followed by that of Habitude, and,
Habitude once cftablithed, it 1s a kind of Ainig-
‘ma to divine the manner after which the Soul
can fce, that is to fay, judge Objeds right,

tho’ they are reverfed in the Eye,

But why, you will afk, do not thofe that are
born blind, on acquiring their Sight, at firft fee
Objects reverfed * >—Thefe blind have all their

Lives

®* It is no where demonflrated, that thefe Novices in
the Art of feeing faw not at firflt the Objeéls reverfed. On
the contrary, we have alrcady proved, that they muft
have been apprized of this Inverfion. But fuppoling there
have occurred fome, who have judged Objeéts upright on
the firlt Ule they have made of their Eyes, fee how that
may be very rationally accounted for.
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Lives felt the Obje&ts, and formed an affured The
Judgment of their Situation. Their Soul there- S ;
fore is not fo liable to a Mifapprehenfion as thofe )
of others are. Nay, it is poffible the revesfed
Senfation may make a Part of the Aftonifhment
they are feized with, on the breaking in of
Light 5 and that in the Crowd of Images, they
have no diftinét Perception of this Singularity.
But this Inverfion of Objeéts: has no Effet on
their Ideas, fo well eftablithed by the long Lef-
fons of their true Mafter, the Touch. The
old blind Man, Fig, 3, Plate IX. accuftomed to
conduct himfelf along with his two Sticks, and
to judge by means of thofe of the Situation of
Bodies, is not at all deceived in that Refpect.
He knows very well that his Dog, which he
touches with his right Stick, is on the left, and
that the Tree, touched by his left Stick, is on
the right Hand, Should he in an Inftant be
accommodated with two good Eyes, at the Bot-
tom of which the Dog would be on the right,
and the Tree on the left, he would fufpend his
Belief, and refer the Matter to the Demonftra-
tion of his Sticks, which he is convinced are
infallible.

The Soul makes as much of 1t, at leaft in re-
gard of all Objects, on which the Experience of
the Touch has been able to fhed its Lights, ei-
ther immediately, or by Comparifon. 1 have
my Reafons for adding this Reftriction.. The
Principles we have been taking a View of,

conducted
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The condufted me to furmize, that the Soul faw
SieuT. fometimes Objects reverfed, thro’ want of the
© " Means juft mentioned. And, in fhort, I have
been happy enough to be convinced of this by
an Experiment as fingular, as fimple ; with
which one has the additional Advantage of de-
monftrating the Inverfion of Images in the very
Eyes of any one that makes the Obfervation,

And here it is.

Place a Light at a moderate Diftance from a
fmooth and very convex Body, in fuch a man-
ner that a fmall luminous Point of it may be
determined towards yourfelf. In order to fuc-
ceed with more Certainty, prevent the firft
Light from falling on your Eyes. Shut after-
wards one Eye, and look at the luminous
Point in an indiftinét manner, that is to fay with »
the Eye relaxed or dilated, This Point will
appear to you larger and beamy, Then if you
put your Finger on the right Side of the Eye
that is open, and move it towards the Axis of
this Eye from right to left in order to cover this
luminous Point, you will diftinétly find the
Shade of your Finger come on the contrary
from left to right, and pafs over the luminoug
Point in a Direction oppofite to that you gave
it, If you afterwards make your Finger pafs
before the luminous Point from left to right,
its Shade will pafs there from right to left. In
thort, if you make it pafs from high to low, or
from low to high, its Shade will ftill pafs in a

{".DHH'HI"!
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contrary Diretion over the luminous Point. SE;
It is therefore plain, that the Soul fees at firft e —s
the Objetts inverted in the manner their Images

are in the Eye; and that fhe determines the
Impreflions to the Places of the Eye, where

the perceives them, and not to the Places from
whence the Rays come, as the does when fhe

can rectify her Judgment. For here fhe fees

my Finger go from left to right, when it goes

in reality from right to left. The Soul there-

fore at that Time concludes the Impreffions re-
verfed as fhe perceives them, and confequently

does not corre¢t her Judgment. And from
whence does this proceed ! The Reafon of it
undoubtedly is, becaufe this luminous Point has
neither high, nor low, nor right, nor left, nor

any glaring near Obje&t, to awaken and fix the
Attention of the Soul. In a Word, there is no-

thing that can determine her Judgment.

I have farther tried this Experiment on feve-
ral large Bodies moderately enlightened ; but
this is what ftrikes one moft, and of courfe muft
be deemed fufficient.

How we difcern a fingle Objeé?, tho' its
Image makes an Impreffion on both Eyes,
And why we fee fometimes double,

H IS is another wonderful Phceenomenon,
founded on our Ignorance of the manner

the Soul is affeéted in by the Images of Objeéls.
When
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The When we look upon an Obje&, each of our
5_“”‘_"' , Eyes receives an Image of thi.? Objett. Tl:u:re
are therefore two Images making at one Time
an Impreflion on our Soul, when in the mean
while we difcern but a fingle Objett.

In cafe the Soul left one of the Eyes in a
State of Inaltion, and made ufe only of one
Eye at a Time, or were attentive but to one of
the two Images ; the Difficulty would foon be
folved, which, indeed, is the ordinary Conduét
of the Seul. To be convinced of this Point,
look with both Eyes, A, B, Fig. 1. Plate
X. at the Candle C. Beyond this Candle
have two Objeéts fixed, E, F. Look at the
Candle with a ftrong Attention 3 and fee with
which of the two Objeéts, E or F, corref+
ponds, If with the Object E, it is with the
right Eye you difcern this Candle. If it cor- |
refponds with the Objeét F, you fee'it with the
left 3 or at leaft your Soul is only attentive to
the Image painted in one of your Eyes; and
this manner of feeing is the moft general. We
do not obferve an Object attentively but with
the Eye that is next it, or more within its
Reach : while the other Eye is in a Sort of Re-
pole, until its Turn comes to let the other reft,
I have mylelf obferved, that there are certain
Days, when it is almoft ever the Turn of a par-
ticular Eye folely to fee the Objeéts that pre-
fent themfelves, And I have had room to 9
conjecture, that this was owing to that Eye’s 88

| having,




on; the SEN§ Es. 167
having on tht‘ﬁ‘: Days more Vlﬂﬂur than. the s:?:::r

other. I am perfwaded, that, in regard of 2 G d
Number of Pﬂcple, one Eye is ever ftronger or
“more on the watch, than the other, and con-
ftantly takes upon itfelf the greateft Share of the
common Taik, 1

- For Inftance, Berelli aflerts, that the left Eye
is ftronger, and ﬂl\ﬂd}?s difcerns more . diftinétly,
than the right *. I have. verified this Obferva-
tion by Trials. on feveral Perfons: but I have
difcovered likewife that it is not a.general one.

* There are Eyes perfedtly equal, fuch amongft
others are. my own. There are, on the con-

trary, Inﬂ:ancr.s, where the nght Eye is the
moft vigorous, , Were Barelli’s Obfervation in-
variable, and univerfally true, I would declare
w1thnut Helitation, that the right optic Nerve
is lefs fupplied with Spirits, and has lefs Force ;
b}' reafon that the right Arm, - being more ac-
tive and more employed than any other Part,
has a greater C\L_mntity of Spirits_flowing thro®
its. Nerves ; and that tws great Expem.c of
Splnts is bormwed of the Nerves of . the fame
Side : and that, en this Acccunt, the right op-
tic Nerve,. furnifhing a good Part of this Con-
tribution, is fo much the more impoverifhed.
The fame Reafon is effignable for the extraor-
dinary Supply of one of the Organs in the
male kind -fubfervient to the perpetuating the
Species,
| : The’
. '® Journal des Scavans, 1673
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e Tho' this Sort of one-eyed Vifioi I have
tmmmw DN {peaking of, be ufual, it is far neverthelef3
) from being univerfal, as fome imagine ; and,
confeqiently; cannot refolve the Pheenomenon

in Queftion. |
The firft Time T was convinced that I faw
the fame Objeét with both Eyes at once, I lay
in Bed on my left Side, both my Eyes deter-
mined vertically, as in Fig. 4. Pl X. had
my Body and Feet extended towards Q; over
againft me was a Window A ; and between me
and the Window there was the Back of a Chair
B. The Back of this Chair hid from me all thé
lower Part C D of the Wiridow: I lobked at
the Window and the Chair in a confufed man-
ner, that is to fay, as one does ordinarily on
waking. I faw all the upper Part A C of this
Window, but on the lower, C E, I diftinguifhied
a Crowd of Vapours e, €; of the Figure of the

Back of the Chair.

On leaving only the right Eye, a, open, I
faw this Window A C intirely, without any
Part of the Body of Vapours. But; on open-
ing only the left Eye, b, I difcetned no more
of the Window thafi the Spate A E ; that is td
fay, all that was above the Plice where af¢ended
thefe Vapours.——Confequently, there was
only this Portion A E, that was within Reach
of being feen with both Eyes at once ; the Part
E C being hid from the left Eye, b, by the back
of the Chair B, It is for this Reafon, that, on
~ lookmg
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looking with both Eyes, I faw the Part A E The

murfa diiti:a& and more lum'm'uus,i bea_:auﬁ: I,,SI_GH_T',
faw it with both Eyes at once, its Situation be-

ing above the Axis, b, e, of the Eye below,

and, confequently, within reach of imprinting

1ts Image on both Eyes.

The Portion E C appeared lefs diftinét, or
 covered with a vapourifh Column ; becaufe this
Portion, being fituated above the Axis, b, e,
of the left Eye, b, was hid from this Eye, and
fo was feen only by the right Eye, a, which
being higher than the left Eye, {funk its Axis,
a, e, above the Chair, to the lower Part, c, c,
of the Window. Now this Part E C was feen
only by one Eye, and, confequently, affe&ting
but a fingle Organ, imprinted a lefs Senfation
in the Soul. From hence arofe that feebler
Vifion, or the Collettion of Vapours, with
which the Object appeared covered.

From this Experiment I conclude, firft, that
we fee Objeéts with both Eyes at once.

Secondly, that one fees better with both
Eyes than with one. Becaufe the Portion A E,
difcerned by both Eyes, always appeared to me
clearer and more luminous.

Thirdly, that one fees better on looking
with Attention, with a Sort of Effort; as one
carries a Burthen better on exerting one’s felf,
than when one marches languidly under the
Weight.

O Fourthly,
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S'I'I'n: Fourthly, that, in cafe we fometimes fee the
IGHT.

Object but with one Eye, it is becaufe the At-
tention is excited rather in this Eye, than in the
other, by reafon that the Objeét is on the Side
of this Eye, and firft ftrikes it; or elfe, be-
caufe we have acquired a particular Habit of
putting this Eye on Action rather than the
other.

Let us recur to another Experiment of the!
feme kind, which will conduét us a lictle farther
into the Myfteries of Vifion.

Put upon the fame Line two Candles, C D,
Fig. 1. Pl. X. Look with both Eyes AB, and
with a ftrong Attention, on the firft Candle C, {
you will find it, as formerly, but one Candle, ﬁ_
tho’ the Candle C tranfmits an Image to each
Eye, A, B. But, if you look at the Candle
C, as if you were confufed, thatis to fay, di-
viding a little your Attention, between this Sen-
fation and the others your Eyes may receive,
then you will fee at the fame Time the Candle
at a Diftance D ; but you will fee it confufedly
and double ; that is to fay, one in f, and the
other in e, on each Side of the firt Candle C,

In like manner, if you look earneftly at the 4
fecond Candle D, you will fee it fingle. But, i
if you look upon it with a Sort of Diftrac-
tion, you will fee on its Sides E F, the firfk
Candle, C, double and confufed. It is neceffary
to look at it like one confufed, to fee this Du-
plicity, by reafon that from the ftrong Atten-

tion,

D S
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tion, one fees only with one Eye, or is folely
attentive to the Image painted in one of the
Eyes, as has been above obferved.

Let us remark, before we explain this fecond
Experiment, that when one looks upon an
Object with both Eyes, thefe Organs are turned
towards the Obje&t in fuch a manner, that it
becomes placed at the Extremity of the Axis of
each Eye, and the Centre of each Image is
painted on the Choroides of each Eye, at the
Point that correfponds with this Axis.

This being fuppofed, it follows from the
preceding Experiment, that every Time both
the Images fell on the Points of the Choroides,
which correfpond with the Axis of each Eye,
thefe Images are confounded in a fingle one.
But when both Images fall wide of thefe Points,
whether inwardly, or outwardly, above or be-
low them, thefe Images are no longer con-
founded one with the other, but one fees them
both, and the Objett appears double.

For Example, when you look at the Candle
C, you turn both Eyes towards it fo that it is
found at the Top of the Angle made by the
Union of the Axes of both Eyes, and the
Images fall both of them on the vifual Pole,
a, a, of each Eye. In this Situation of the
Eyes, the Images of the Candle D fall in b, b,
outwards, and on this Side of the vifual Pole;
and on this Account thefe two Images are

O 2 per-
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The perceived feparately, and the Candle appears
1o double.

For the fame Reafon, if you look on the
Candle D, while the vifual Pole is b, b, the
Images of the firfk Candle C will ftill be feen dou-
ble ; becaufe they fall in a, a; out of the Poles
of Vifion : which is the Reafon why drunken:.
People fee Objets double. Becaufe their Eyes
being half paralytic, as well as their Limbs,
are fixed, as it were, and immoveable. Theydo
not direct in an exact manner the vifual Axes
towards Objefs; fo that the Images of thefe
Objects fall out of the vifual Pole, and, confe-
quently produce a double Vifion.

An Objeét is farther rendered double, when,
on looking on it with both Eyes, one forces an
Eye with a Finger cither upwards, or down-
wards, or fideways. Hence the Image is dif-
lodged from the vifual Pole, where it was be-
fore, and this Image is feen {eparately.

This fecond Obje®t, at the fame Time,
feems to change Place, and to recede from the il
former. E'Gr, on puthing the Eye afide, you |
make the Rays, which go from the Eye, pointed,
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refract themfclves befides in piercing it. Now,
as the Soul ever conveys the Impreflion of Ima- |
ges in a direct Line, d, h, or to the Extremity

the Bottom of the Eye; it follows, that the
fecond Obje&t ought to appear in h, at a fuf-

fictent
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ficient Diflance from C, which is the real The
Object. SIBUT
‘T'he Soul always conveys the Impreflion of
Images in a dire&t Line, becaufe fhe does not
fee the Object in the Place where it is. . She fees
it in the Eye itfelf : For her Affair is with the
Image, not with the Obje@®. Now, from what-
ever Point the Image comes, after it has pierced
the Cornea, the aqueous Humour, and the
Cryftalline, it is refracted for the laft Time in
the vitreous Humour ; where it defcribes a
ftraic Line to the Bottom of the Eye. And it
1s according to this laft ftrait Line lengthened
d, h, the Soul fees the Object, as if it were on
the Eye itfelf. A Perfon, unaccuftomed to
look at Objetts thro’ a perfpective-Glafs,
would {ee them in the Glafs itfelf. And I have
known, when there has been no perfwading
fome particular People, that the Star I thewed
them in the Glafs, was the fame I made them
fee in the Firmament without it. Any one,
arrived at the Ufe of Rea_ﬁm the ﬁr{’s_ Time of
his Life he faw, would likewife declare the Ob-
Jets were actually in his Eyes. He would con-
clude, what we only difcover by the Force of
reaﬁ}nmg , to wit, that Vifion is a kind of Sen-
fation of the Tuuch, and would imagine he
even felt the Objt’&ﬁ on his Eyes, Th:s IS
what is confirmed by the Hiftory of one born
blind, which we fhall rflate in the Sequel of this
Treatlfe One may be therefore affured, that
O 3 Infants,
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The Infants fee in this manner, and that it i1s in us
SicHuT.

; ,an Art, a Science, acquired by a Habit of judg-
' ing that Objeéts are external in our Regard, and
at a certain Diftance.

I was faying, that an Obje& difcerned with
both Eyes appeared fingle, when each Image
falls directly on the Point of the vifual Axis, or
on the Pole of each' Eye; and that appears
double, every Time the Image falls wide of
thefe Points.

Let us make fome farther Experiments, be-

fore we examine what this Point of the Axis,
this optic Pole, is.

Place two Candles, E, F, Fig. 2, Pl X, at =

a certain Diftance one from the other. You are
in C. Look at thefe Candles thro’ a Hole, o,
made in a Board, or a Pafteboard A, B, and

you will fee both Candles, but you will fee two

Holes, one for each Candle, tho’ there be but
one Hole for both. The Reafon of it is, be-

caule when you look at both Candles E, F, the :

Axes of both Eyes a, G, a, are directed to the

Height G, which is the common Point in this 3
Diftance. In this Direétion of the Eye, the =

Image of the Hole, o, falls obliquely, o, b,
on each Eye, and out of the optic Pole.

Therefore the Hole muft appear double, and -,I

cach Hole has its Candle, becaufe the Candle, =

E, falls juft by the Hole, o, upon the right Eye

in E, and likewife out of the optic Pole; the

Candle F falls by the fame Hole, o, on the |

left

EEE
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left Eye, ftill in b, out of the optic Axis. The
There is only the Point G which falls upon the C~ -0,
Axis, a, a3 and as the Soul reports the Situa-
tion of Objeéts according to this Axis, the two
{feeming Holes, with their Candles, appear in f,
g; on the Side of the true Hole,

In the mean while, if you look earneftly at
the real Hole, o, the Line b, o, becomes the
optic Axis ; fo that you will fee only one Hole
and cne Candle, tho’ there be two Candles,
You will fee but one Hole, becaufe it is at the
Top, o, of the Optic Cone, b, 0, b. You
will {fee but one Candle made of both, becaufe
both Images are a&ually confounded at this Top
of the optic Cone in pafling by the Hole, o,
and fall as well as the Hole upon the vifual
Axis, o, a. Now Objelts, it is to be remem-
bered, whofe Images fall in this Axis, always
appear fingle, altho’ they have an Image in each
Eye.

It is true, that the fingle Candle which you
fee on looking ftedfaftly on the Hole, is com-
pofed of both : and that if you put your Hand
before one of the twa Candles, you fee that
which is before your Hand, and fee befides the
Tranfparency which that, which is behind, pro-
duces acrofs your Fingers. Or elfe, if you put
a yellow Glafs before one of the Candles, and
a blue Glafs before the other, the fingle Candle
which you fee will be green ; that is to fay,

O 4 com-
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The compofed of the yellow of the firft Candle, and

SicuT.

e " the blue of the fecond.

Inftead of looking thro’ the Board, A, B,
place at the Hole of it the pierced Pafteboard, x.
Look thro’ this new Hole at both Candles,
E, F, you will {fee two Candles and two Holes
as in the preceding Experiment. But, on look-
ing earneftly at this Hole, o, of the Pafteboard,
inftead of feeing only a fingle Candle, you will
fee three of them; to wit, the Candle com-
pofed of the two that pafs thro’ the Hole, o,
as in the firft Experiment, and moreover the
Images a little confufed of each Candle E, F,
that will pafs on the fide of the Pafteboard by
the Lines I, K, and E, K ; Images that were
Lefore intercepted by the Board A, B.

If you examine the Eyes of whoever makes
the preceding Experiments, you will obferve
that when he looks earneftly at the Hole, o,
his Eyes are approached one to the other ac-
cording to the Angle b, o, b; and that when
he looks at the Candles E, F, tho’ thro® the
fame Hole, his Eyes, or rather his Pupils, are
vifibly wide of each other, and placed in the
Directions of the Angle a, G, a. So that the

Explication is verified even by ocular In-

{pection,

If inftead of looking with both Eyes, one
looks only with one, then this Eye does not

change the Direction, whether one looks at the

Hole, or at one of the Candles ; {o that one
never
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never fees more than one Hole and one Candle. The
Confequently, the Phoenomena I have been ﬂb_151cnr.l
ferving depend on this 3 that, on looking with

both Eyes, each Eye affifts, by reafon its Di-

retion concurs in the common Axis, C, G:

for Example, the right Eye fingly would be
directed in b, E, the left Eye fingly in b, F.

But when they fee together, their Direétion

takes a common Medium G, and from thence
proceed the foregoing Miftakes.

To omit nothing, farther defirable, in regard
of thefe Pheenomena, it is neceflary to deter-
mine the optic Poles, thofe Points of the com-
mon Axis, where Objects appear fingle, and
out of which they appear double, and to aflign
" the Reafons for thefe Appearances.

The optic Axis was heretofore imagined to
be the Center of the optic Nerve. Thefe two
Nerves were faid to crofs one another, and on
that Score the Impreflions which fell on both
thefe Nerves, being conveyed along their
Tubes, were fuppdfed to meet in a fingle Point
at the crofling of thefe Tubes, and to be there
confounded together.

‘We have feen above, that the Centre of the
optic Nerve is incapable of this Function.
But, -tho’ it were capable of it, this croffing is
imaginary.

Some of the Moderns, apprifed of thefe Diffi-
culties, have fixed the optic Axis on the Point
x, Fig. 4. Pl. X, of the Choroides, or of the

pia
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The pie Mater, which is on the inner Border of the /
SICHT. Tnfertion of the optic Nerve; and fay, that =
: thefe Portions of the pia Mater, uniting before
the Concourfe, y, of the two optic Nerves, .
exattly where the common Axis, y, t, corre-
fponds, both Imprefions muft neceffarily be
refolved into one.
Thefe Gentlemen do not fucceed a Jot more
happily than the former. Firft, it is a Fa&
‘proved by the moft exact Anatomy of the Eye,
.and by the Experiment of M. Mariotte, fee
P- 154, &e. that the Axis of the Globe of the
Eye, or vifual Axis, falls on the Outfide of the
optic Nerve, as it is reprefented in all our Figures,
Secondly, the Senfation is made in the Organ
itfelf that is affected. The Prick of a Pin
upon the Finger affects the Finger. A Ragout
that one taftes, affects the Tongue ; and, con-
fequently, Light affeéts the Eye, and not the
Origin of its Nerves, as we have feen ia the ge-
neral Syftem of Senfations. Thirdly, by fup-
pofling but one Point in,the Bottom of each
Eye, where the Impreflions are united; would
this fimple Point fuffice to give us a fingle
Image of an intire Country that fills the whole |
Bottom of our Eye? By admitting a Point of
this Nature, there would in like manner be but
one Point of this Country, where we fhould fee
fingle Objects, all the reft of the Country would
be double, by reafon it would not fall on this

Point.
The
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~ The optic Pole is not a Point. What is it _The
then ? It is the whole Bottom of the Eye that >’ L,
has the optic Axis for its Center. Now every |
Image, whofe Center correfponds with that of
this Pole, reprefents to us a fingle Object, al-
tho’ the Image be in each Eye; for the fame
Reafon that we hear, with both Ears, a fingle
Sound, tho’ it makes a double Impreffion.
It is not becaufe the Senfations are confounded
| by the Re-union of the Motion ; which is a Chi-
. mera, and really found to be fuch, in both
thofe Ears, whofe Nerves and Organs are very
different. It is the Mind herfelf that makes
this Re-union by a Judgment fhe acquires by
| Habit and Experience. She knows that a
fingle Object is that which occupies one Place
only proportioned to its Circumference ; and
that a double Objeét is what occupies a double
Space, or is in two different Places. So that
when there arrives an Image in each Eye, both
which Images are carried in a ftrait Line to the
fame Point, the fame Place, and are precifely
the fame in their Pofition and Form, inafmuch
as the Object is in the Axis common to both
Eyes, and occupies the fame Place, the fame
optic Pole, and affects the fame Parts in each
Eye ; then it is the fame Senfation proceeding
from the fame Quarter ; fo that we confider
this double Image as a fingle Obje& : for we
perceive and fee but one Object.

If
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S'l“ic:nz If an Eye is turned out of the common
IGHT.

Axis, the Direction of the Image is changed,
and the Object appears double, as we fee Plate
X. Fig. 1. at the Eye that is pointed ; becaufe,
in that Cafe, you fancy this Image in a diffe-
rent Place, h, to that C, from whence the
Image arrives, and from whence it is received by
the other Eye, B. Now each Image being
carried to two different Places, C, h, we ima-
gine the Object double, becaufe it appears to
occupy two Places.
How One that is fquint-eyed, however, looks at
i‘}r‘:&“}ch(}bje&s with both Eyes tranfverfely, without
fons fee. fecing them double. It is true, But a fquint-
eyed Perfon, without being confcious of it, e-
¥ ver fees but with one Eye, tho’ he imagines he
looks with both. I lately unfolded this Doc- :
trine to one that fquinted very much with his
left Eye, who at the fame Time firmly believed
he faw with both Eyes at once. I affured him
that he only faw with his right Eye, and it was
thus I convinced him.

I made him look with both Eyes, A, B,
Pl. X. Fig. 3. at the Object C. I obferved his
Eyes while he looked at the Object ; and the
better to diftinguifh the Direction of them,
I had likewife remarked thofe of a Perfon -
whofe Eyes were right., 1 faw then that the
found right Eye, B, of the fquinting Perfon,
was adtually turned towards the Objeét; but

that
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that the other Eye A, at the fame Time was
turned towards D.

It may be objected, that it was perhaps in
this Direction A, D, that the fquinting Eye
faw the Object, C. But in order to obviate
this, I put my Finger at D, where the left Eye
was diretted, when the Perfon faid he looked
with both Eyes at the Objeét C; and the In-
ftant he looked thus at the Object C, I fhut
his found Eye, and begged him to look at my
Finger, D, with his {fquinting Eye, A. He
looked, and faw my Finger without the
{quinting Eye’s changing the Dire®ion A, D,
which it had when he faid he looked with both
Eyes at the Obje&t C. 1 defired him after-
wards to look on the Obje&t C with the
left Eye ; and then this fquinting Eye, looking
fingly, was turned towards the Obje C, as ex-
actly as the found Eye B had done before :
From whence it follows,

Firft, that the optic or vifual Pole of a
fquinting Eye, is the fame as that of a ftrait
Eye: fince, when it aéts folely, and really fees
an Object, it turns its Axis upon this Objec,
as the ftraiteft Eyes do.

Secondly, that when one who fquints, views
an Object with both Eyes, he fees it, in the
mean while, only with the found Eye : inaf-
much as the other is dire@ted every where but
on the Objett ; and, as it is evident by the
foregoing Propofition, thar, on looking at an

Objett,
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The Obje&, he directs his Axis towards this Ob-
Sient. ject. It is no aftonithing Circumftance, that a
fquinting Perfon fees but with one Eye ; fince,
as we have proved above, generally fpeaking,
thofe that have Eyes the ftraiteft and beft di-
refted towards Objects, fee them, notwithftand-
ing, but with one Eye: becaufe ordinarily the
Imagination attends only to that of the two
Images, which makes the ftronger Impreffion,
and therefore fees folely with the Eye that
is ftrongeft and quickeft. Now a {quinting
Eye is vitiated, feeble, unattive, and confe-
quently is ever idle when the other is on
Duty. But when the found Eye is fhut, then
all the Spirits, all the Efforts of Attention, are
determined to the fquinting Eye. Thefe Ef-
forts put it in an Equilibrium on its Axis, di-
reft it towards Objeéts, and then the Eye
no longer fquints, but fees. Itis by this Ma-
nagement, that the Eyes of Children are
fometimes cured, by clofing their found Eye,
and forcing by that means the fquinting one to
retify itfelf. -'We have feen here a famous
Quack * abufe this Mechanifm, in order to
impofe upon the Public, and even the moft in- |
telligent Part of them.
In making the Experiments 1 have been
mentioning, a Perfon was found out, who had |
the Knack of mimicking one that fquinted.
But this voluntary Squinter faw Objects double,

becaufe

* TixiLor.
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becaufe his Eye, tho’ turned from the common
Axis was found, and aétive, and no Ways im-
paired, thro’ Inattivity and Want of Ufe: fo
his Cafe was like that of thofe, who puth an
Eye afide with their Finger,

It is by this fame Explication we account for
the following Obfervation. A Perfon became
fquint-eyed from a fudden Accident, and at firft
{aw Objeéts double. But in Procefs of Time,
tho’ his Squinting continued, he faw them fingle,
as before he grew fquint-eyed. It feems to me
evident, that this fquinting Eye was, in the
Beginning, ftill found, vigorous, and in the
State of the Eye of our voluntary Squinter,
which was the Reafon why he faw double,
But at length this Eye, either thro’ the Ilinefs
that had occafioned this Defe@, or thro’ Inac-
tivity, loft by Degrees the Faculty of feeing,
which now depended wholly upon the good
Eye, and then the Perfon began to fee Objeéts
fingle,

In the mean while, in cafe there be a Squinter
in the World, that fees an Qbje& with both
Eyes at once without feeing it double, the op-
tic Pole of his fquinting Eye muft have never
been in the Axis of the Globe of the Eye,
whether thro” a Defect in its Conftruction, or
thro’ Habit, if Habit can even here avail any
thing ; or elfe this Eye, from the Refraétion
made in it being different from the ordinary
one, muft have been obliged to throw itfelf to-

wards
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Thé wards one particular Side, in ordet to make the

$168T. Imaoe fall upon the optic Axis, which after-

wards grew into a Habit. Refraction in an Eye

may be likewife difconcerted thro’ the difplacing

of the Cryftalline Humour, the irregular For-
mation of the Eye itfelf, &e. |

But both in one and the other Circumftance,
thould fuch fquinting Perfons look at an Ob-
ject, the good Eye being fhut, the other would
not at all reify itfelf, as it doesin all other
Cafes. It would look a-fquint being fingle, as
if it were with its Fellow : fince, in the firft
cafe, the optic Axis is fuppofed to be a-fkew,
and in the other, where Refraction is difcon-
certed, the Image can no ways fall upon the
optic Axis; tho’ ftrait; nor is the Eye turned
a-flant to catch the Point, where this difconcerted
Refrattion conveys the Image upon the optic
Axis.

From all this we conclude, that the optic
Pole is that Region of the Bottom of ecach Eye
which is in Sympathy with the other, and whofe
Center, called the optic Axis, ordinarily the
Axis of the Globe itfelf, is direted to and uni-
nited with the common Axis, when both Eyes
actually look at an Object ; that every Time
this Union is made, the Image of the Objet,
tho’ double, one in each Eye, caufes us to fee
but a fingle Object, becaufe both Images are :
conveyed to one and the fame Place ; and that
out of this common Axis the Object appears

double,
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idouble, becaufe each Axis of the Fye, and The
confequently each Image, is tranfmicted tu_sm*""
Places different one from the other, and that

thus the Image of the fame Obje& correfponds
with two different Places,

ow we judge by the S1cu T, of the Mag-
» nitude and Diftance of OBjecTs.

J- FFECTS of Glafles, and polithed Sur-
- faces, plane, convex, and concave.

HE Mind not only re@ifies the Image of
- Objets which occurs reverfed in the
ottom of the Eye ; it not only fimplifies the
ouble Impreflion of tliefe Images in a fole and
gle Senfation ; but judges, moreover, of the
iftance and Magnitude of the Objets it dif-
rns.. What means does it make fubfervient
o this third Operation ? '

The firft of thefe means is the Magnitude of Firft Rule
he Image itfelf, tran{mitted to the Bottom af’ﬁ;ﬁﬂfaﬁg
e Eye; or, as we fay, the Magnitude of the the Image
vifual Angle.  There can be nothing more fim- Eﬁiﬁtﬁ
ole and more natural, than this firft Expedientthe Eye.
which the Mind judges of the Magnitude of
Object, by the Magnitude of its identical Image.
We have feen that the Rays crofs one ano- Thenearer

: ; the Objeét,
rat their Entrance into the Eye. Now the . Rras

arer the Object, from whence thefe Rays areis the I.

i B _mage, in
mitted, is to the Eye, the more confider P

1 able tion,
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" The able is the Angle formed by this croffing, Fof |
.SIG"T ,Example, if one looks at twu fmall Statues of
the fame Magpnitude, 1, 6, Pl. XII Fig. 1.
one at the Diftance of a Fuot, the other of
Feet ; the Statue placed at a Foot’s Diftance
will appear to us almoft fix Times larger than
the Statue piaced at the Diﬂzancf: of fix Feetz

the ﬁr{t Sgatﬁe, 1, Or the Height of its Image:
is near fix times as large again as the Opening
e f of the wﬁ;lal &nglc of - the fecond Statue, E :

founded. ¥

An Object viewed near, forms in the Eye 4
larger Angle, becaufe the Bafe of an optic Tris
angle; which is the Objet itfelf, being nigher

the' Angle on the Top is rendered fo much: the
larger.  If the Object A, By Pl Xl. Fig. 5. 18
feen from the diftant Point C, the optic Tris:
angle is A CB. If you view it afterwards near,
as from D, you have then for the optic Triand
gle A D B comprifed in the former Triangle, and
obtaining the fame Bafe as that. Now the:
fmaller or fhorter is the contained Triangle;
fo much larger will its Angle D be: in Pros
portion, than the Angle C *. So: far, that 1%
the contained Triangle is extremely fhort, a
AEB, the Angle E. will be fo obtufe, or g
large, that both its Sides AE, BE, wﬂl for

® Euclid, B. I. Prop. 21,
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almoft a fraic Line ; and in cafe oné coneeives The
the Triangle infinitely fhorter, the Difference of ‘sm"ﬁ i ;
the An#lt E, with the ftrait Line AB, will be {
Iﬂﬁmtciy {fmall. Therefore the nearer the Ob-
ject is; which we furvey, the larger muft be
its optic Angle. The Triangle, we have been
fpeaking of, is the ﬁptfc Triangle fituated be-
tween the Object and' che Pupll or, it is the
outer optic Triangle. By the crofling of the
Rays in the Pupil, theré i is formed in the Eye a
‘Triangle proportioned to thé former. It has
its Bafe at the Bottom of thé Eye, aid its ‘Top
oppolite to the Top of the exterior Triangle.
:onfequently, thefe Angles of the Tobs dn:

-quil, a,nﬂ the Sides of each T!‘léiﬂﬂ"lﬂ are prn-

portion. The larger the top Angles are, the

larger thefe are.

- Bat why does not an Obje& at twice theThehfag-
Diftance, form an Image as fmall again, and an f]i::u?fn%i
Dbject fix times as far off, an Image fix times not ex-

b aller? The Reafon is, becaufe it is demon- ai‘fg; QE""

trative: by Geometry, that the great Angle D, to the Dif-
which is as near again to the Bafe A By as the:;:%b":&
tmall Angle C, is not in the mean’ while as g, ‘Ithc
jarge again as this fmall Angle C, but falls Eye, but
jomewhat fhort of it. For the Arch h K,;fft?;iﬁt
double the' Arch d, e, the Meafure of the
Angle C, is larger thar is requifite to" tieafure
he Angle D. - There is a fmall Overplus ; and
uppoling there had been none at all, and that

2 the
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The the Angle A D B were exa&tly double the Angle
‘Sw "7 ACB, the Sides of thefe Angles muft have ter-
minated in the Points 1, m 3 becaufe in that cafe
both thofe Angles would be comprifed in the
fame Circle ; the mere acute Angle C would be
in the Circumference of this Circle, the lefs
acute Angle D would be in the Center of the
fame Circle, and both of them would have for
a Bafe the fame Arch, 1, m, of the Circle,
Portions of which are exhibited in the Figure at |
1, m, n, o. From whence it follows in Geo-
metry, that this latter Angle D would be dou-
ble the other Angle C *. But as the Angle D
is not wide enough to fall in with the Sides of "
the Angle C at the Points 1, m, it follows that.
it is not large enough to be double the Angle
C. Confequently, the Image feen as near
again (D) will not be intirely as large again 3 and
for the fame Reafon the Image feen at twice the
Diftance C will not be exactly as {mall again,
according to thefe Geometrical Laws. |
Let us examine thefe Proportions in another
Point of View more immediately connected
with the Matter in Hand. The real Magni-
tude of Objects is ordinarily an upnght Lll‘lﬂ;
and perpendicular to the Horizon, I, D, Fig.|
4 ; whereas the Meafure, and cm]ﬁquently the |
Magpnitude of the optic Angle is the Arch, nr?.‘
the Curve E, F. Now Geometricians demon-
ftrate, that chis Curve E F is lefs than the up~
right:
* Euclid, B. III. Prop. 20
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right Line T D ; and that thus the apparent The

Magpitude of Objeéts, or their Image, is lefsf_'if:;,
than their real. They demonftrate farther,
that this Curve E F, which is lefs than the up-
right Line ID, is alfo in a lefs Ratio with its
Diftance D C, than e f is with the Diftance
B C; that is to fay, the Curve or the Image
E F of the neighbouring Objeét is not fo large,
in regard of the Diftance D C, ‘as the Curve or
the Image, ¢ f, of the diftant Obje&, is in re-
fpe of its Diftance B C. For it is evident,
that the nearer the fame Obje& is to us, the
wider is the Angle, and the fhorter the Arch
E F formed at the Center C ; and the more it
contracts, likewife, the Bafe of the optic
Angle, and the Image this Bafe tranfmits,
The fole Infpection of the Figure may convince
any one, that the Arch fe, which is at the fe-
cond Diftance, is lefs curved than the Arch
EF; and that it diminifhes fo much the lefs
of the real Magnitude of the Objeét ; and that
the Arch g h, which is at the third Diftance,
does fo ftill lefs than e¢f, and fo on. On
which Account the nearer an Obje&t is, the
more its Image fuffers from this Sort of Abate-
ment, which hinders the Magnitude of this
mage from correfponding exaltly with the
roximity of the Objeét,

The Rays crofs one another in the Eye, as
t the Point C, and there form Angles almoft
ual to the exterior Angles. I {ay almoft, be-

3 caufe.

1:-‘--
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The caufe Refraltion in affembling the Rays, fhll

Siont. firaitgps, in a {mall Degree, the Bafe of thele

inner Angles. The Egg 18 fph»::ncal There-
fore the interior optic Angle is meafured and
bounded bg a Curve A a, which reduccs the
Images, as well as, it is evident, thf: exterior
Angles are. This inner Curve is the effential
one. It 1s that whmh mea{'ures the Extent of f
the Impreﬂion, and gives thp Fﬂrm and the 4
Magpnitude to the Image It 1s this Curve r.hat |
cuts off the Portions k. b.. hic, nf thp ]argg 1
Image bec of the Statue i, Fig. 1. PL XII. &
and retrenches nothing or fcarce any thing of
the fmall Image, e f, of the Statue 6. It 1§ |
this fame Curve of the. Eye, that fo much | *
abridges the largﬁ Angles of the Figures 3, 49
Pl. XI. and hinders befides their Images from }
being proportmned to the Pro:umlty of Qh-wf
jects ; whilft it fhortens very little, or nothing
at all, the ftrait Angles, or the Angles of dif-
tant Objects, and on that Score caufes a lefs
Diminution of their Images, than of thofe oﬁ’i
nearer Objeé@s. From whence the Images 05
diftant Objeéts are larger, confidering their
Diftance, than the Images of neighbouring Db-i"ﬁ
jets are in regard of their Proximity. n’r
One will remark therefore in thefe Flgures,i
on meafuring the optic Angles, by the Curv&ﬁ%
which defcribes the Bottom of the Eye, that
the Object. 11. Fig. 4. that is but as far again aﬁ%
the Objet L. tranfmits to the Eye an Ima
A 2;

'|
i1
g
y
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A 2, which is more than the Moiety of A a, , The

It will be alfo obfervable, that A 3 is MOrE ey
than a Tierce of A a, and fo of the reft ; and

that confequently the Object A, Fig. 2, which
appears as large again as the other Objett B, of

cqual Magnitude, muft be a little more than as

near again as that other Obje& B. Or, which

is the fame Thing, this other Obje& B, muft

be at twice the Diftance as the Object A,

It is ftill farther evident, that the Openings Why it is
of the Angles A 3, A 4, A 5, and A 6, Fig. 4"?-.11:12?1;{?“
are fo much the lefs feparated one from thethe Mag-
other, as the Angles are more acute, or come ﬁ;“r;dfe_“f
from a greater Diftance, The farther one goes mote Ob.
in counting 1, 2, 3, 4, 5, 6, the nearer arel*:
thefe Angles, and the lefs Difference there is
between them, In the mean while, if one con-
ceives the Train of Objects carried on to a much
greater Length, or even to an Infinity, this in-
finite Series of Objects ranged upon A K will
have no more than the Opening of the Angle
A 6 to partake of. So that there will be in
this Opening of the Angle an infinite Series of
Images all differing in Magnitude. Therefore
their Difference will be infinitely fmall, Fence
it is, that at a great Diftance, fcarce a hundred
Taifes of Separation between two Objeéts will
caufe fome Difference in regard of the Magni-
tude of their Images ; which is the Reafon why
our Judgment on the Magpnitude of very remote
Objecls is fo uncertain. :

in P 4 The
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The  The third Figure exhibits the fame Thing,

SicuT,

- by fuppofing the vifual Axis perpendicular to
& the middle of the Objeéts, or the optic Ifofceles
Triangle. |

It is alfo vifible in the Figures 3, 4, that
without this Curve, which meafures and bounds
the optic Cone, the Rays carried on to the up-
richt Line A 1, parallel to the Objects I, II,
111, &¢c, would form Images whofe Magnitude
would be exatly in a reciprocal Ratio of the
Diftances, that is to fay, as large again, when
the Objetts thould be as near again, (e,

For we learn from Geometry, that in a rect-
angular Triangle, Fig. 5. if the Angle C be di-
vided into feveral equal Parts, 1, 2, 3, the
oppofite Side AB will be divided into {everal
unequal Parts A D, D E, E B, of which thofe
will be the largeft, that fhall be the moft re-
mote from the right Angle A. Becaufe the
farther the Side A B is extended from the right
Angle A, the wider it keeps from the Arch
A 1 ; the larger Spaces the dividing Rays,
I, 2, 3, run over, in order to reach the Side

AB, and the greater Diftances they leave b-e-
tween them.

On the other Hand, if one divides the Anglr;
C, Fig. 6. or the Arch A, into Parts unequal
and proportional to the unequal Parts of the
Side A B of Figure 5, but in a reverfed Order ;
to wit, the greater Part being placed near the
Jﬂfh'c Angle A, Fig. 6. and the fmaller Part the

fartheft
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Fartheft from this Angle, the Side AB will be divi- The
ded into two equal Parts : that is to fay, the fame&i"_f;,
Obliquity, or the fame Departure from the |
Tangent A B, in relation to the Arch A 1,
which, as in Figure 5, has transformed upon
the Tangent, the equal Divifion of the Arch
into a Divifion unequal, and ever the larger
the remoter it is from the right Angle ; this
Departure, I fay, operating upon thefe Inequa-
lities difpofed in a contrary Direétion, muft re-
ciprocally efface or deftroy thefe fame Inequa-
lities which it has produced, and reftore upon
the Tangent AB the Equality given in the for-
mer Problem. Becaufe here the {maller Part
becomes placed overagainft the greater Depar-
ture, and receives on that Account the greater
Addition ; while the larger Part is placed near
the right Angle, and fo receives the lefs Ad-
dition. In fhort, this fecond Operation is only
the firft reverfed. Therefore it muft reftore
the former given Magnitudes, or equal Parts,
as, i Arthmetic, Addition and Multiplication
reftore the Numbers that were funk by Subtrac-
tion and Divifion,

Now the Triangle of Fig. 6. refembles ex-
altly the mnner optic Triangle of Fig. 4. and
the two rectangular Trla.nnrlr:s in which one may
include the Ifofceles Tnangle of Fig. 3. by looking
on its Axis, or its Height, BC A, as the Side
common to both Triangles. In thefe re®an-
gular optic Triangles, all the Angles are like-

wife
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S'I;hF wife unequal, and by fo much the larger, in

_‘__'__,:,!_: refpect of their Diftance, as they are nearer the
right Angle. Wherefore thefe Angles, length-
ened even on a plain Bafe, muft alfo lofe their
'I_nfqual,itifs, and, conlequently, be perfectly in
a reciprocal Ratio of the Diftance of Objects.
However, 1 voluntarily refign thefe pmfnuhd
and more or lefs abftrufe Points to greater Geo-
metricians. As to my own Geometry, take
the following Specimen of it.

Decifive I procured fome human Eyes and fome Eyes

ﬁiﬁ:hmgf Animals, and ftripped their Bottom of the

the Mag-Sclerotis, and the Choroides, when they came

nitude of £ fyoung Subjets. I let the Choroides re-

Images at

different main on thofe that had belonged to old People,
Diftances. hecaufe in their Eyes the Choroides has loft its
black, and is fufficiently tranfparent. I dif-
pofed equal Objeéts at unequal Diftances, as at
ane Foot, two Feet, three Feet from the Eye
deitined to receive the Images. I placed a
Wax-Candle-Light at each End of the Objecéts,
in order more diftinétly from its Clearnefs to
afcertain the refpective Bounds. I afterwards
meafured the Spaces thefe three Objects took
up in the Bottom of the Eye, and found that
their Spaces were exactly enough proportioned
to their Proximity ; that the Object at the Dif-
tance of one Foot was thrice as large as that
placed three Feet off, and as big again as what
was at two Feet’s Diftance, meafuring with a

Compalfs.
The
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The Bottom of an Eye laid open does not _The
eafily preferve its regular Figare, The Eye of C21T
a dead Perfon is not always full, and the Mem-
branes and the Humours take all Sorts of Forms
between the Fingers. Thefe Defeéts are partly
retified by fupporting the Bottom of the Eye
with a tranfparent Paper. But the Bottom, by
this means, becomes flatted, and the Figure of
it approaches to the ftrait Line A 1. Fig. 4.

Then the moft open Angles are no longer cut
off by the Curve A, a; and it is undoubtedly
for this Reafon, that the Magnitude of Images
appears proportioned ta their Proximity, as
much as one can difcover by a mechanical Ope-
ration. But it is to be fuppofed, that in a
living Eye thefe Defeds no ways occur, and
that this Organ being exaétly enough fpherigal,
the Images of neighbouring Objeéts fuffer in it
the {fmall Diminution demonftrated by Geometry
in the Triangles meafured by an Arch.

To remedy the Inconveniencies arifing from
the Softnefs and Variablenefs we have been ob-
ferving in thefe Eyes, I ordered an artificial Eye
to be made of more than four Inches Diameter,
furnithed with a Glafs Cornea and Cryftalline
Humour, or with the Lens of a Focus propor-
tioned to this Diameter. The Bottom of this
Eye was extended on a tranfparent Paper per-
fe@tly plain, by reafon of the Difficulty of mak-
ing a Bottom of this Paper regularly convex.

I expofed this Eye to the preceding Objects,
and
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and farther found that the Magnitude of Images
was exactly in a reciprocal Ratio of the Diftance
of Objets, as fmall again, when the Objeéts
were as remote again, e,

In order to render the Differences of Images
more perceptible, and lefs expofed to inevitable
Errors in the mechanical Meafures, 1 augmented
the Diftances, and made ufe only of two Ob-
jefts. 1 placed the near Obje& at a Foot’s
Diftance, and the remote Object at that of ten
Feet from the Eye. The Image of the near
Object took up, on the Bottom of this Eye,
the Space of three Inches, four Lines, and a
half, of Diameter ; that of the remote Object
had more than four Lines, and this lafl Magni-
tude, carried ten Times with the Compafs over
that of the neighbouring Obje&, meafured it -
exatly. In a Ward, the Image of the Objeét
at ten Feet Diftance was juft a tenth Part of
the Image of the Objet ac that of one Foot, 1
have repeated this Experiment twenty Times
without finding the leaft Variation, The ftrait
Figure of the Plain, that receives thefe Images,
1s undoubtedly the Caufe of this Proportion,
for the Reafons affigned above. It is alfo pof-
fible, that Refraction which aéts more forcibly *
on the Rays of remote Objeéls, has fome fmall
Share in it. However that be, it will always
follow, that, from the fpherical Figure of the
Eye, there never can occur any confiderable

Alteration in this Proportion. Thefe are incon-
teftable
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teftable Faéts, and of Courfe fuch as both Phy- The

fics and Geometry itfelf muft fubmit to. ' .,_:.?L
Not only Perfpeétive is founded on the Prin-

ciples we have been expounding in relation to

the Magnitude of the optic Angles, and the

Images they convey ; but it is on thofe likewife

depends all the Mechanifm of Telefcopes and

Microfcopes, of Glafles and polithed Surfaces,

which either enlarge or diminith Obje&s:

~ When one looks at the Object d, Fig, 2. Pl.Efe@s of

XIL with the naked Eye, the Cone of Light?, Convex

which this Objet tranfmits to the E}'e furms

the Opening of the Angle, e, f, as in Fig. 1.

and we fee this Objeét in its natural Magnitude,

with refpet to its Diftance. If we then place

a lenticular Glafs before our Eye g, h, this con»

vex Glafs colleéts the collateral Rays g, h,

which without that would not enter the Pupil.

Hence the Eye is penetrated with a luminous

Cone of greater Dimenfion, and with a larger

Image than what would naturally prefent itfelf,

It refracts befides all the oblique Rays in deter-

mining them to the Perpendicular, and, confe-

quently, in making them crofs in a wider

Angle. By that Means it transforms the vifual

Angle, e, f, intothe Angle b, ¢, from whence

refults an Image of the Obje&, d, a great deal

larger than the former. Thus the Imagination,

deceived by its fureft Rule, looks upon this Ob-

ject as of a greater Extenfion than it was before.,

All
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The  All this will be intirely reverfed, in cafe wé
SicHT. place before our Eye a cohcave Glafs, h, hy
Effeéts of Fig. 3. PLXII. The great Statte, g; g, inde-
e pendently of this Glafs, would form in our Eye
" the large Angle, or the large Image, b, c:
But whén thé firft Rays, gh, gh, prefent
themfelvés to the concave Glafs, they aré turned
from' the Perpendicular and from. the Axis of
the Eye; and approach to fall very wide of the
Pupilin I, L. The fubfequent Rays do the
fame, even to thé Rays, m, m; which béing
very near the Axis are thé only ones that cai
fall on' the Pupil in fpite of the Refrattion:
Thefe Rays, m, mj are¢ therefore thofe aloné;
that can convey to the Eye the' Image' of
the Statue: but thefe Rays can form ih' thé
Bottom of the Eye but a very acute Angle, but
dvefy fmall Image, e, f. The great Statue;
feen through the concave Glafs; h, hy will ap-

pear of courfe very fmall.

Thefe Accoints of the Effeéts of convex and
concave Glaffes might fatisfy a' fimple Naturat
lift. But a Naturalift; that is verfed at the
fante Time in Anatomy, muft farther fee thefe
different Determinations of the Rays upon the
Parts themfelves in the Bottom of the Eyes, 1
therefore took fome Eyes ftripped to their Bot=
tom, as in' the preceding Experiments, and,
after having made fome illumined Objes fall
upon them and remarked their Angles, I placed
before thefe Eyes convex Glaffes, and faw the

Angles
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Angles enlarge themfelves in proportion to the The

Convexity of the Glaffes. T afterwards ma&e:}lb
ufe of fome that were concave, and found thefé
ﬁme Angles diminifh in the fame Proportion. -
' What a concave Glafs effe@ts by Refraction,
a ‘convex polithed Surface does alfo by Refled
xion. ~ But we fhall not proceed to the convex
Surface, without having firft explained the
more fimple Pheenomena of the  plain Surfacey
and faid a Word or two concerning the Nature
~of Mirrors, or of Surfaces, that.refle®, in the
moft lively manner, the Images of Objects.

‘A Mirror is made either with a polithed The Na-
Body, fich as Steely thar immediately refle@tsin 2 .
Fmages, or with ‘a polithed and" ﬁranfparenfLunkmg-
- Body, as Glafs is; behind which is applied 2°2%
Matter endued with a Property of refle@ing
Light ; which isigenerally a' Plate of Tin. This
Plate is laid upon a very fimooth Stone, and
covered all over with a Bed of the pureft Quick~
filver. If one hasthe Curiofity to'behold ones
felf in this Bed of Quickfilver, it would appear,
that there 15 no {mooth Surface in Nature,
which tran{mits an Image fo- exaét and diftinét.

The Glafs is then placed upon: this:Bed of Meg=
‘cury, and loaded with a good deal of Weight
to prefs out what is-fuperfluous;, and leave only
that which is neceffary to fll the Pores ofi the
Surface of the Glafs, and of the Plate of Tin,
and thus to faften beth Surfaces together.  This

Compofition: is afterwards placad‘ in a floping
Direttion,
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The Diretion, and then in an upright on€, in order
SiouT- to drain the fupernumerary Quickfilver, and
“~then the Glafs is tinned over. Now it is. this
Plate of Tin, impregnated with Quickiilver,
and faftened by it to the Glafs, that reflects
the Images, or at leaft the moft lively of
them. For in a thick Glafs, on holding it in
a particular manner, we difcern two Imagess
one refle€ted by the Tin, the other by the Sur~
face of the Glafs. This latter Reflection 1s a
very faint one, and requires fome Art to dif-
cover it. The Light, on the contrary,- re=
“fleéted by the Tin, is ftrong and lively, and
~ ordinarily effaces the former. In the mean
while, if one has a mind to fee diftinétly this
“feeble Light refleCted by the Surface of the
Glafs, all one has to do, is to place behind
a Glafs, that is not tinned, fome black Sub-
ftance to abforb the ftrong Light which effaces
the other ; fuch as black Velvet, black Paper,
ora Hat. We fee ourfelves but faintly in this
fecond Kind of Mirror, becaufe the Image is
formed only of the Light reflected by the Sur-
face of the Glafs, which Light is ever weak in
comparifon of that which pierces the Glafs, and

is reflected by.the Plate of Tin.
In order to expound the Effetts of a plain
Mirror, let us fuppofe the large Statue, Fig.
4. PL. XII. to be between our Eye and a plain
- Mirror A, A, a little on one Side, to give Paf-
fage to the Reflettion towards our Eye, C.
The
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The Light, which falls on all the Points of the
Statue, rebounds all around in every Point of
the circumambient Space, as we have feen
above ; and; confequently, this Light muft fall
on all the Points of the Surface of the Mirror,
by which it is likewife refleted from every
Part. But our Pupil takes up no more than a
fingle Point of this whole Circumference where
the Light is reflefted, and can receive but one
of all the luminous Cones diftributed to an Infi-
nity. Now by the Rule, that the Angle of
Reflexion, is equal to the Angle of Incidence,
the fole Cone of Light; which falls on our Eye,
fituated as in Fig. 4. is the refleted Cone
A, C, A, formed by the Rays which fall upon
the Mirror at the Points A, A, and which tend to
make in the Bottom of cur Eye, the large Ope-
ning of the Angle, b, c. For the Rays E, E;
which are going to fall towards the Extremity
of the Mirror on h, are refleéted at a Diftance
from the Statue, and ftill farther from our Eye,
The perpendicular Rays EI return upon them-
{elves; and can never fall onour Eye. Allthe Rays
B K., R, néarer thée Axis-Cy° Xy than the
Rays A, A, approach to crofs one another on
this Axis much on this Side of our Eye, and to
be loft at lat on the lateral Quarters, m, m.
Infomuch, that the only Rays, which can fall
on the Pupil, are the Rays A, A: The Ope-
ning of the Angle, b, c, which this Cone of
Light forms at the Bottom of our Eye, gives

(-_-L Hs

@
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The us the natural Image of the Statue, as if we faw
SteMT- it behind the Mirror, and as far behind the
Mirror, as it is attually diftant from it before.
For Example, if the Statue be fix Feet before
the Mirror, it will appear to us fix Feet behind
it, becaufe the luminous Cone that conveys
to us this Image, becomes narrower and nar-
rower from the Statue to the Mirror, and
from the Mirror to the Eye, as is fhewn by the
Figure. So that the Cone broken by the Re-
flection, is of the fame Length, the fame Fi-
gure, and of the fame Opening, as if the Statue
were fix Feet behind the Mirror, altho® it be
fix Feet before it. "Wherefore the Image im-
printed on our Eye will be the fame as if the
Statue were really fix Feet behind the Mirror ;
confequently, the Statue will appear to us fix
Feet behind it, and in the Magnitude that
would be natural to it in this Situation.
Efect of  Now let us fubftitute a convex Mirror, B, B,
a convex Fig, 5, Pl XII. inftead of the ordinary Mir-

Looking-

Glat. - for.  The pointed Rays are thofe which fall

upon the plain Mirror, A, A, of the preceding.

Figure, and there go to form in the Eye the
natural Angle, b, c. But here thefe pointed
Rays, coming to fall on the convex Surface,
B, A, far from returning towards the Eye,

are reflected towards d, at a great Diftance

from the Place where the Eye is fituated, Of

all the Rays that come from the Statue to fall
on the whole Surface of the convex Mirror,

the
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the only Rays capable of being reflected towards The

the Pupil, are thofe not pointed, B, B, whichm
go to make in the Eye the Anglee, f. This
Angle is very acute, in comparifon of the Angle
b, c. Therefore the Statue will appear ex-
tremely {mall, in regard of what it would do
in the former Mirror, A, A.

The concave polithed Surface performs like-
wife by Refleftion what the convex Glafs does
by Refrattion ; that is to fay, both one and the
other enlarges the Objeéts, but it is in particular Efe@ts of
Points of View : in others the concave reﬂe&ingiﬁf&?ﬂ
Surface diminifhes the Objecs like the concave Glafs.
Glafs, and the convex refletting Surface. Thefe
curious Pheenomena lay claim to a little Dif
cuffion.

The plain Mirror is always our Rule of
Comparifon. Place then the Attow, A, B,
Pl XII. Fig. 6. overagainft the ordinary Mirror
C, D, and imagine your Eye to be befofe the
middle of this Arrow ; or, if you will, fuppofe
your Face to be at the Place of the Arrow it(f,
Your Image reflected in its natural Magnitude
will be as the fmall reverfed Arrow, a, formed
by the luminous Cone, in finall Points, which
approaches the plain Mirror in E, E. It is to
be remembered, what we faid above, that this
Arrow, reverfed in the Bottom of the Evye,
muft appear right in our Regard. - So that al-
tho the Image of the Arrow, or of your Face,

) a B ha
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be here inverted in your Eye, thefe Objects not-
withftanding will feem in a right Pofition.

Before this plain Mirror, C, D, place the
concave Mirror, G, H, and its Concavity will
colleét towards the Axis, L g, the vaft Cone
of different Refleftions, a very fmall Part of
which are exprefied in the Figure. The lumi-
nous Cone in little Points, that fall on the plain
Mirror in E, F, and went to form the fmall
Arrow reverfed; a, no longer keeps the fame
Track, when refleGted by the concave Mirror,
but is terminated very near the Mirror at the

Point, m, and on that Account we can no

more receive its Impreffion.

What then is the Cone of Refletion the Eye

will receive placed before the middle of the

Arrow A, B? It is capable only of receiving

the oblique Rays, AG, BH, which on croffing

one another ftrike at the Extremities, H, G,

of the Mirror, and return to crofs afrefh in the

Eye, and there to point the Arrow, C, thrice

as large as the natural Image, a, tranfmitted by
the plain Mirror; C, D. But the great Arrow,
C, is in the fame Situation at the Bottom of

the Eye, as the firft Arrow, A, B, is, thatis

wide of it, by reafon of the double crofling of |

the Rays. Confequently this Arrow will appear
reverfed in this Place. For every right Object |
has its Image inverted in the Bottom of the .

Eye, and reciprocally all Objects, that have

thew'
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their Images right in the Eye, appear to us SThe
IGHT.

- reverfed, P ;
In order to fee the Image of the Arrow A, |

B, or rather one’s own Image in a right Pofi-
tion, we muft approach the Mirror in the
_Points, d, e, m, ¢F¢c. Becaufe we then re-
ceive the luminous Cones, that have been to
ftrike the Mirror directly, without any previous
crofling, and which, on that fcore, crofs only
in our Eye, according to their ordinary Man-
ner., Now in thefe necar Points of the Mir-
ror, the Ob_;f:& will appear ftill a great deal
larger than in a natural State, unlefs the Eye
almoft touches the Glals. For then our Vifage
appears pretty natural, becaufe the Cone of
Light one receives is very fmall. But in pro-
portion as one draws back, the Vifage appears
more and more monftrous, for the fame Rea-
{on as the Arrow d is larger than the Arrow e,
being the Bafe of a greater Triangle.

If we place ourfelves oppofite to the fame
Mirror in the Space, o, fituated between the
Point where the Object appears right, d, and
that where it appears reverfed, C, we fhall fee
but one Chaos of Light ; becaufe the Rays
crofs one another in this Space, and all the Parts
of the Images are there confounded. Draw
back to C, and the Image appears ftill larger
than Nature, but reverfed, for Reafons ex-
plained above. Continue to draw back, as in
'f% g, the Image will ftill remain ever reverfed,

Q3 but
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The but will become {maller and {maller, and even
C°8T, fo little, that at lafl it will equal in Minutenefs
; the Image refle¢ted by the convex Mirror. So

that the Image refleCted by a concave Mirror,
at a2 middle Diftance, is always much larger
than Nature ; and when this great Image is
right as in m, then the more one retreats from
the Glafs, the more this Image is augmented.
But when the Image is reverfed as in C, the
more one recedes from the Glafs, the more 1s
the Image diminithed. The Demonftration of
thefe curious Truths is exprefitd by the fame
Cones of Light traced in the Figure, according
to the Laws of Reflection,
TheMag- Objects appear to us fo much the larger, as
nitede of they tranfmit to our Eye a larger Image, and a
Images ) y
farther va- more extenfive Cone of Light. And this lu-
ries ac-  minous Cone is fo much the more extenfive, as
fﬁédﬁgﬂ;‘; the Objeét is larger or ncarer to the Eye,
of Eyes But do we imagine that the fame Objeét, at
‘:;::;1 " the fame Diftance, tranfmits to the Eyes of
them, andall Animals, and all Men, an Image of the
the moref,me Magpitude ? Undoubtedly we do not.

{o purfuant ;
to the dif- The Magnitude of Images, and that of the

ﬁf&i Picture including them all, depend likewife on
wherein the Difpofition of the Organ itfelf. For Ex-
Wiy " ample, an Eye fmaller and more twinkling than
ordinary, and that has a more convex Cryftalline
Humour, receives a fimaller Picture in Propor-
tion, and leffer Images ; for the fame Reafon,
as when a very convex Lens is placed on the

Infide
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Infide of the Hole of the dark Chamber, there
occurs a very minute Picture. In the mean
while it has been demonftrated above, that a
like Lens placed before the Eye, or on the Out-
fide of the dark Chamber, confiderably en-
iarges Objeéts. This Contraft perhaps may be
perplexing ; but it is no hard Matter to com-
prehend thefe oppofite Effects of the fame In-
ftrument differently applied.

The Rays that convey the Images frnm the
Object to the Bottom of the Eye, or on the
Pafteboard of the dark Chamber, form two
Cones joined at the Top. The firft Cone has
its Bafe on the Object, and its Top in the Pu-
pil, or in the Hole of the dark Chamber,
where the Rays crofs. The fecond Cone has
its Top at the fame Croffing, and its Bafe on
the Choroides, or the Pafteboard that receives
the Images of the dark Chamber. The Lens
one puts before the Eye, or before the Haole of
the dark Chamber, is placed in the exterior
Cone a little before its Croffing. It collects in
this Croffing a larger Cone, as has been demon-
ftrated, and caufes it to crofs in a wider Angle :
and by that means gives a larger Bafe to the
fecond Cone, which thus renders the Images the
larger. ‘The Cryftalline Humour, en the con-
trary, or the Lens one puts within the Hole of
the dark Chamber, is placed in the inner Cone
near its Top ; which, by colletting the Rays of
this Cone towards the Axis, renders the Bafe of

Q 4 it
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it fmaller. Confequently, the Images contained

._S'G“T‘ ,in this Bafe are alfo diminithed by thefe Lens’s,

and that in proportion to the greater Convexity
of them, L3

Now there is a wider Difference between the
Eyes of feveral Kinds of Animals, than there 1s,
in Regard of all the Sorts of Leps’s. It is
therefore evident, that the diverfe Species of
Animals, and that Men in general do not fee
the fame Objects of the fame Magnitude, nor
a like Quantity of Objeéts at a T'ime.

I will not infift on thefe known Truths ; but
I go farther, and aver, that the fame Perfon,
with the fame Eye, fees, the fame Day, and even
the fame Moment, Objects fometimes larger,
fometimes fmaller, according to certain Mo-
tions 1incident to, this Organ, and particular
Difpofitions that occur. |

The moft frequent among thefe Motions of
the Eye, that change the Magnitude of the vi-
fual Angle and of Images, are thofe which
are made on our looking at a near Objeét,
and - prefently afterwards at one that is re-
mote. o -

The Eye is dilated, in order to fee neigh-
bouring Objects. The Diameters of its Hu-
mours, and its Lens’s, are drawn into a nar-

rower Compafs, and their Surfaces become

more convex, Confequentiy, the Eye is then
in the Cale of the fmall twinkling Eye, or the
very convex Lens, which we have juft been

fpeaking
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{peaking .of. It gives therefore on this fcore The
{maller Images than it would do in any 1:::1:11v:1*15“‘“”"F
Figure. But this fame Eye is dilated, the i
~Cloth that receives the Image is more remote,
and this Image ought to be fo much the larger.
Should one of thefe Caufes make amends for
the other ?

Onthe contrary, in order to fee a diftant
Object, the Eye contraéts itfelf, is flatted by
the Poles, and enlarged according to its Equa-
tor, The Diameters of the Humours are aug-
mented, their Surfaces flatted, and this Eye be-
comes in the State of the flat Lens, which gives
a more extenfive Picture, So that on this Ac-
count one fees remote Objets larger than one
would do without this Alteration of Figure :
that is to fay, Allowance being made for the
Diftance, remote Objeéts appear larger, than
neighbouring ones do, But this fame Eye,
whofe Humours become lefs convex, is like-
wife flatted, its Bottom advancing towards its
Entrance. The luminous Cone of courfe OroOwWs
fhorter, and the Images confequently fmaller.
Are thefe contrddi¢tory Effe¢ts equally compen-
fated ?* Or is the flat or convex Figure of
the Humours predominant over the Contra&ion
or Dilatation of the Eye ? I fhall communicate
the Obfervations that feem to me to decide in
Favour of the latter Opinion, wviz. that the Eye
on looking at a near Object, renders the Images
{maller, notwithftanding its Dilatation, and that

the
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The the Eye, which looks at a remote Object, exhi-

‘SI_GH_T' ,bits  the Images larger notwithftanding its
Contraction.

EH:f:ﬂ* Cafting a random Look at a feeble Light,

the Varia. fituated very near me, I was furprifed to fee

tion of the this Light thrice as big as Nature, and encircled

ﬂ’f;f“;'f with Rays. T looked at it afterwards with At-

Images. tention, and it refumed its natural Magni-

tude. I have fince that, frequently repeated

this Experiment, either with a feeble Light, or

with the fmall luminous Point which refults

from a very convex polifhed Surface, and

it always was attended with the fame Suc-

cels, -
When I looked attentively at the feeble Light,

or at the luminous Point, thefe very near Objeéts
would oblige me to dilate my Eye, and to ren-
der its Humours more convex, from whence I
received a fmall Image. I then looked at them
indiftinétly, that is to fay, with my Eye relaxed
e its mofl natural State, and {pherical Figure,
which gave its Humours lefs Convexity. My
Eye therefore at that Time became in the Cafe
of a flatter Lens, and thus gave me a larger lu-
minous Point, and a more open vifual Angle.
One cannot make the Experiment with a ftrong
Light, by reafon its lively Impreflion does not
permit the Eye to relax itfelf.

Another Time I looked, thro’ the Glafs of a
Caiement, at a very remote Country-Seat, which
appeared to me {ufficiently large. 1 after-

wards
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wards fixed my Eyes on the Glafs itfelf ; and it _The
feemed to me a great deal fmaller, than when I e 4G
looked at it diretly. Since that Time I have
made repeated Experiments of this Matter, and
always found the fame Circumftances.

On looking directly at the diftant Seat, my
Eye was flatted. The Angle, which this Seat
tranfmitted to my Choroides, was therefore
larger. On fixing my Eyes on the Glafs of the
Cafement, I dilated for this near Object the
Globe of my Eye, and rendered its Lens’s
more convex. The Image of the remote Seat,
falling on thefe more convex Lens’s, was there
refratted to a greater Degree, and conveyed on
my Choroides a fmaller Angle, and of courfe a
minuter Image.

I fhall recount ftill fomething more extraor-
dinary on this Variation of the Magnitude of
the vifual Angle, or of the Image of Ob-
jects.

Laft Winter I was in the Country. In theImagesare
Night it froze hard, and there fell a ]itrieﬁ“aueznig
Snow. On going out of my Chamber in theand very
Morning, all Objects appeared to me ffnﬁblyl’gh‘
{maller, than they had done the Evening be- RTF:
fore, I could not help being very much fur-
prifed. But, ruminating on this Effect, T re-
colleted that a long Time ago in a dry and
clear Seafon, I had frequently been aftonifhed
to fee Objelts with a Precifion, where I had a
confufed Notion that there was fomething mose

n
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The - in the Matter than a bare Exaltnefs. Thefe
.s:_GHT',mnfuﬁ?d Notions are the Seeds of Difcoveries,
i This in particular had prepared me to remark
in the preceding Experiment the Diminution of
the Magnitude of Images by the hard Froit and
the Snow ; and fome few Reflections foon made
me perceive, that my Difcovery was a neceffary
Confequence of the Nature of the Eye, and of
the Principles I have been expounding.

The Images painted in my Eye are {maller
in Proportion to the Smallnefs of the Diameter
of the Eye, and the greater Convexity of its
Humours. Peter fees Objects fmaller than
I fee them, if he has fmaller Eyes, and more
convex than I have. If there are Times,
Days, or Moments, when I myfelf have Eyes
as {mall, as contracted, and as convex as thofe
of Peter, 1 then fee Objelts as fmall as he {ees
them, and {maller than I fee them ordinarily,

This is exactly the Cafe of Eyes, ftruck with
the Cold of Froft, and the Brightnefs of Snow.
Both the one and the other of them, making a
ftrong Impreflion on thefe Organs, excite in
them a forcible Contraétion. The Eyes ftruck
in this Manner are leflened in all Diretions,
and principally according to their Equator, by
the Contraction of the Iris and Corona Ciliaris,
All the Humours participate of this kind of
Condenfation ; and, confequently the Eye is
{maller, more convex, and receives of courfe a

{maller vifual Angle, and not {0 large an Image.
i
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I became notwithftanding apprifed of this The

Diminution of Images very accidentally. As ;_l,:i.:_‘
thefe diminifh univerfally after the fame Man-
her, there remains no farther Rule of Compari-
fon. On which Score this is no fenfible Phce-
nomenon, and, in order to perceive it, I muft
have had the Magnitude of the Images of the
preceding Evening very prefent to my Idea.
Buc it is not the lefs certain, as the Figure of
the Eye contributes to the Magnitude of Images,
that we muft neceffarily fee Objets the more or
lefs large, proportionably to the greater or leffer
Degree of Elafticity the Temperature of the
Air, or our Health, imparts to our Solids, or
of Rarefaction accruing from ¢éither of thofe
Quarters to our Fluids. Thus in hot, faint,
clofe, hazy Weather, in a weak and lan-
guithing State of Health, and in certain pletho-
ric Cafes, the Eye being then relaxed and dila-
ted to a greater Degree, we fee Objetts fo much
the larger, and in a cold, dry, clear Seafon,
and in a good Difpofition of the Organs, they
appear {maller : inafmuch as our Fibres and our
Eyes, from thefe Contingencies, acquire a greater
Elafticity and Contraétion, and our Fluids be-
come much lefs rarified.

Since I made this Difcovery; and have been
guarded againft the Rule of Comparifon, I
plainly perceive that a very illumined Objet
feems {maller, and an Object feebly fupplied
with Light appears larger. The Reafon of

this
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The this is evident. A ftrong Light puts the wholé
S'“HT'IGIDbe of the Eyﬁe on cﬂntra&i;?g itfelf,  and a
feeble one leaves it relaxed and dilated.
How fure and geometrical {o ever be the
Opening of the vifual Angle to determine the
Eﬂgﬁ{;h abfolute Magnitude of Images, it cannot not-
whereby withftanding fingly conftitute a Rule for judging
to judge of ¢ ¢he Magnitude of Objeéts relatively to their
the Mag- = i ;
nitude and different Diftances. It will very well decide be-
Diftanceof teen two Objets at an equal Diflance, which
an Object, ; 5 nin
is the Con-Of them is the larger; but it will never alone
%{mﬂ oF determine this Diftance of Objects, nor confe-
Dfﬂi;:E i,quen_tly their Magnitude, which diminifhes in
mage.  Proportion to the Diftance. The Reafon of
this Uncertainty of the vifual Angle is, becaufe
in the fame Angle, Fig. 1. PL. XII. one may
place a Series of Objects of different Magni-
tudes, 2, 3, 4, 6, provided they are ranged at
a Diftance proportionable to their Magnitude.
All thefe Magnitudes, 2, 3, 4, 6, would
therefore form in the Eye the fame Angle,
and have there an Image equally large, tho’ they
would each of them be of unequal Magnitude.

. The vifual Angle, as intirely geometrical as
it 15, will then deceive us, if we compare it
with the Degrees of the Diftance of the Obje,
A Tennis-Ball, feen at the Diftance of fome few
Inches, will form a vifual Angle as large as @
Turret a hundred Paces off ; and on that Ac-
count this Ball will appear as big as fuch a
Turret, in cafe the Proximity of the Ball does

not
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not oblige one to abate as much of its apparént 'The
Bignefs, as the Diftance of the Turret would S'°*T:
make one add to the Magpitude of its Angle.

I therefore rate each Magnitude of the vifual
Angle, at its juft Value, by the Comparifon I

form of the refpettive Diftance of the Objeits.

But by what Rule fhall I judge of this Dif-
tance ? By the Confufion of the Image itfelf,
contained in the vifual Angle, or by the Body of
Vapours, which the Diftance raifes around the
Objeét, and alfo by the Length of the optic
Angle formed by the Concourfe of the optic
Axes of each Eye.

I obferved above that, on looking at an Ob-
je&t with both Eyes, both the Axes are united
on this Obje¢t. When this Object is near, as
O, Fig. 2. Pl. X, the Angle formed by thefe
Axes is very fhort, or open; and both Pupils
are turned in a greater Degree one towards the
other. On the contrary, when the Objet is
remote, as (o, were it on the fame Line as the
former, the Pupils would recede one from the
other to form a longer and more acute Angle ;
and it 1s conceived, that in a great Diftance the
Pupils become parallel.

‘"We are not infenfible, that thefe Motions,
and thefe Situations of the Pupils and optic
Axes, vary according to the Diftances of Ob-
jects. 'We are habituated to diftinguith them,
and thereby fufficiently enabled to form a
Judgment in regard of thofe Diftances.
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g he  Tdonot at all doubt but that the more or
tmy l6fs extended Series of different Bodies, fituated
between the Objets and us, is a farther Affif-
tance in refpeét of this Judgment. But the
Concurrence of the optic Axes of both Eyes is
itfelf neceffary in order to diftinguith exattly
this Series of intermediate Bodies. So that this
Concurrence of the Axes, and the Length of
the Angle they form, is the fifft Principle of
this Judgment. From thence it happens that
when we fee but with one Eyé; we no longer
diftinguith Diftances; and that looking thus
even from very near, we cannot lay the End of
our Finget on any fet Place. Nay; this
Fineer will even hide the deftined Objeét, and
were it a Foot off; the Finger corre{ponds with
it as juftly, as if it were only at the Diftance of
a Line. But if we open the othér Eye; this;
which fees our Finger and the Objet fide:
ways, will difcover between them a great Space;
if they are a Foot diftant, and but a {mall one;
if they are very near ; and by that means we
may place our Finger with Certainty on the
defigned Obje&t. See Pages 199, 2005 &,
gtuﬁi:g;dfj, The Confufion with which we fee an Object;
of Va-  is the fecond Rule to judge by, that it Is very
fﬁﬁ:h «o.remote, This Confufion of the Image of a
vers re-  diftant Objeét proceeds from the Air, and Va-
L Db"pours, which extinguith Part of the Rays that

Jeéts, and _
the Ufe compofe this Image.

Painting The
makes of

them.
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The Narrownefs of the luminous Cone of re- The
mote Objeéts, contributes likewife to this Fx- SteHT.
tinction. It is even aftonithing, that fo {mall a
Filament of Image thould not be intirely effaced
on meeting with fuch a prodigious Quantity of
Obftacles.
The Confufion of diftant Objets is therefore
a Pheenomenon the moft conformable to the
Laws of Phyfics. It is even a Fact eftablithed
thro> the whole Syftem of Nature, which no
one can be unapprized of, if they will but open
their Eyes. Painting, the Mimick of Nature
in this Kind, in order to exprefs the Diftance
of Objects in Perfpective, after the Diminution
required by the vifual Angle, covers thefe Ob-
jeCts with a Lay of Vapours proportioned to
that Diftance. The Degree of this Lay confti-
tutes even one of the moft delicate Circumftances
of the Art. In a Landfcape, an Artift will re-
prefent on the Canvas a Rat and a Camel of equal
Magnitude.  Becaufe the Rat, with glaring
Colours, will project a good deal, and theCamel,
fcarce vifible, will feem to be loft in aDeepning,
where we ourfelves lofe the Idea of the Cloth
on which he is painted. In Nature, we fee
above a Wall two Steeples of equal Magnitude ;
but we fee one of them with the Confufion that
ftill refults from any confiderable Diftance, while
we view the other very diftinétly, even to the
Ornaments of Architeture. From whence we
judge the latter: to be very near us, ~and the
R other
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other to be as remote. And tho’ their Imagz

am ey De Of the fame Magnitude, we conclude never-

thelefs, that the diftant Steeple is by far larger
than the other ; inafmuch as we know by Expe-
rience, that Diftance diminifiies Objeéts ; and
that a remote Object, which appears as large as
a neighbouring one, muft neceffurily be a great

How Fogsdeal larger than this latter. It is by the fame

enlarge
Objecis.

Rule, that the Eye being deceived, fees Objects
the larger in foggy Weather, and the Moon in
the Horizon a great deal bigger than in any
other Part of the Heavens. A Fog, by cover-
ing thefe Objects with thick Vapours, makes
them appear more remote than they are ; but as
they caufe no Diminutionof their Bulk, we ima-
gine them more confiderable. On taking a
Walk in a Fog, any Perfon in view {cems
to us of gigantic Stature ; by reafon we fee fuch
a Perfon confufedly, and as at a great Diftance ;

when, the Objeét notwithftanding being juft

upon us, a very large Image is tran{mitted to
our Eye. Now we judge a remote Ob-
Je& to be large, that imprints on the Eye a
large Image. Butin this cafe we foon recover
from the Miftake, and by that means perceive
the Origin of it. For we are furprifed to find
ourfelves in an Inftant quite near this -Perfon,
whom we imagined to be at fo great a Di-

ftance, and whofe Size no longer appears extra-

ordinary.

It
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It is by the fame Enchantment, that the SThe
IGHT.

Vapours of the Horizon make us fee the Moon
as confufedly, as if the were as far off again ;Eh}' the
and thefe fame Vapours diminithing nothing ofPE::En ]aaf_
the Magnitude of the Moon’s Image, the Ig_Icr in the
Soul, having no Idea of the real Magnitude ufrhji,'z?;‘
this Planet, concludes her as big again : be-her Me-
caufe on fecing an Objec two hundred Paces™ ™
diftant, under an Angle as large as that of ano-
ther Object feen at a hundred, fhe judges the Ob-
ject two hundred Paces diftant, as large again as
the other, unlefs apprifed of the real Magnitude
of thefe Objeéts.

Father Malilebranche, followed almoft by all
our Naturalifts, explains this apparent Magni-
tude of the Moon on pretty near the fame Prin-
ciples. But he fays one judges the Moon at a
greater Diftance in the Horizon, becaufe there
then appears between her and us a long Series of
Mountains, Vallies, Woods, &c. Whereas
in her Meridian fhe feems only a little above
our Steeples. Now a Word or two deftroys
this Syftem. If we look at the Moon in the
Horizon over a Wall, thro’ a Paper-Tube, or
with a Telefcope, we fee no more of thefe
-~ Mountains, Vallies, &¢. thofe Indications of
her Diftance, and yet fhe ever appears larger
than fhe is. Some other Body therefore, fo-
reign to thefe Valliest and Mountains, muft in-
terpole to enlarge her, at leaft in my Imagina-

R 2 tion.
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SI;TT tion. And what qcaﬁ this be but the Vapours of
*,the Horizon itfelf ?

This Effect has always been afcribed to Va-
pours ; but thefe Vapours have been thoughe
to tnlarg& the Moon’s Image, as a Lens en-
larges Objects. A fingle Aftronomical Obfer-
vation has quite difconcerted this Syftem. The ©
Image of the Moon feen thro’ large Telefcopes,
and meafured by the Micrometer, - feems as
{mall in the Horizon, as in her Meridian. 1
refer the Matter to Aftronomers. They are
Perfons of too great Penetration to {uffer them-
{elves to be impofed on by Telefcopes. Their
Obfervation confirms my Opinion, In the
mean while I a¢t with Sincerity, and fhall com-
municate an Experiment, which has induced
me to conclude, that Refraétion bears fome
Part in regard of the Moon’s Magnitude in the
Horizon, let what Ufe foever be made of it.

Experi- I procured a Glafs Veflel, A, B, Fig. 1.
v o Pl, X1I1. fhaped like aQuarter of the Atmofphere
fraction oftaken with a Level on the Surface of the
the At Earth, C, or having for its Bafe a Tangent of
ﬁuff:ﬂi_this Surface. © This I filled with Water. 1
rizon, in placed a Crown-FPiece in E, to reprefent the
zi!:tf:;:sfStars a little below the Horizon, and my Eye
and the in B, the Horizon of my Machine. I faw the
iﬁ%fe;‘f Crown before it was at the Height of this Hori-
their ap- zon, and faw it confiderably enlarged. Whereas
iﬁ;ﬂg“:{ placing it at D, reprefenting the Meridian,
tudeinthisand my Eye in C, I faw the Piece in its natu-
Region. ral
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ral Magnitude, I faw it here in its ordinary SThE

Magnitude, becaufe its Image. fell pemem-mu-ﬂ
larly on my artificial Atmo!‘pher-., and reached
my Eye without any Refra@tion, or Alteration.

I faw the Crown-picce before it was in. the Ho-
rizon, A B, of my Machine, by reafen, its
Image falling obliquely on the Surface of this
‘tranfparent Machine, it was conveyed to me by
Refraction, before the Crown correfponded per-
pendicularly with this Place. This Piece ap-
peared to me mnﬁderatﬂy enlarged, becaufe its
Rays were refratted convergently, as exprefled

in the PIBHI‘E. The Stars “are {cen on the Ho-
rizon, like the Crown-piece, before they really
are there.  Would not. this fame Refrattion,
that makes them thus advance by their Images,
enlarge. them likewife as it does the Crown?

This fcems to me a Confequence neceffarily
flowing from the Laws of Dioptrics: and, in
that Cafe, this Caufe might very well concur
with that I have above affigned for the Moon’s
and Stars appearmtr larger in the Honzon than The third
in any other Part of the Heavens, Rule

A third Rule, whﬁrt:‘-::m the Soul founds 1t5“’hff¢b}’
Judgments of the Magnitude and Diftance e

judges of

Objects, is the Knowledge we have of the nhtu-:h: Mag-

f : . . : nitude and
ral Magnitude of certain Objects, and of the .. -

Diminution accruing to them from Diftance. of Objeds,
: 15 to com-
An Artificer, feen on the Top of a Steeple, ap- 7
pears at firft no bigger than a Bird. But when wich the
F defcry himto be a Man, I imagine hlm five E’“"“
agnl=
' Tud Ol tudes.
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‘;ITG]::T or fix Feet high, becaufe this Meafure is the
e~ Ordinary Standard for Men: and at the fame
Time, by Compatifon, I judge the Crofs and
Weather-Cock of this Steeple to be of much
more confiderable Bulk, than I believed them to
be before. It is thusthat Painting will exprefs a
prodigious Giant in the Space of anInch, by placing
near him a Perfon of common Stature, that
fhall reach no higher than his Ancle-Bone, and
a Tree, or a Houfe, that fhall not exceed
his Knee, The Comparifon ftrikes us, and we
imagine at firft Sight the Giant to be of an enor-
mous Size, altho’ in reality he takes up no

more than an Inch of Canvas.

TheJudg. 10O’ this Judgment be a natural Confequence,
ing of theas well as all others the Scul forms oh the Situ-
iﬁf’n;;d ation, Simplicity, Diftance, &e¢. of Objetts,
Diftance both the one and the others are made neverthe-
;:f{:::jeiii‘ﬁfs without Reafaning; inafmuch as they are
of Habi- univerfally founded on a long Habitude of feeing 3
'lf‘:d’i: Eﬁ; whence they degenerate with us into a kind of
an Art, Inftin&. Ideots, Infants, and even Beafts rea-
i{‘fmﬁﬁmi’ﬂn fufficiently for this, after they have lived
real.  long enough to have acquired this Habit *.
This Circumftance does not at all detract from
the Neceffity and Advantage of the foregoing
Rules. It is a Proof only, that the repeated
Ufe of thefe Rules forms in us a Facility of
| drawing
* It is obfervable by the bye, that this fimple Ufe of

Vifion is a farther Proof, that Animals think, reafon,
and judge, after their Manner,
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drawing. Confequences almolt without being ap- The
prifed of it. BIgee:.
All Habitudes are only this, viz. a Facility |

acquired by repeated Aflls. But thefe Acts,
which are the Bafis of the Habitude, neceflarily
fuppofe Rules. Thefe Rules are execured with
Difficulty before a Habitude is acquired 5 but
afterwards we put them in Practice with Eafe,
with a greater Degree of Affurance, and as it
were mechanically : This 1s the whole Diffe-
rence. |

So that altho’ the vifual Angle be altogether
geometrical, altho’ the Lay of Vapours that covers
remote Objetts be intirely phyfical, and the
Confequence drawn from the Comparifon of
known Magpitudes be perfectly logical, the
Judgment, or rather the Eftimation of the Di-
ftance and real Magnitude of an Objedt, is
neverthelefs an Art of Inftinét acquired by Ha-
bitude, where Logic is of no Service in Na-
ture. Infomuch, that in Cafes where the Eyes
deceive us, whether thro’ the Difficulty of ap-
plying the preceding Rules, or thro’ the Abufe
of the Rules themfelves, the greateft Logicians
are miftaken as well as others ; and it is in this
confifts the whole Magic of Painting.

But from whence proceeds this Uncertainty
in regard of the moft beautiful and moft ulcful
of our Senfes ? How in perticular can we account
for thefe Errors of Vifion relating to the Mag-
eude, Situation, (Fe. of Objeéts ? The Reafol

R 4 of
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The of all this 15, becaufe the Meafure of the Num-

CIGHT. be

, ,ber of Magnitudes and Diftances is not the pro-
per Object of the Sight, but that of the Touch,
or rather that of the Rule and Compals. The
Sight, properly fpeaking, has no other Pro-
vince, than that of Light and Colours. The
celebrated Monf, de Poltaire, in his Elements
of Sir [faasc Newton’s Philolophy, relates a
fine Obfervation, that confirms the Truths we
have been eftablifhing.

No one undoubtedly could be more in a Con-
dition of explaining to us how Vilion is per-
formed, and after what Manner are known the
Magnitude, Diftance, Situation, and Figure
of Objects, than one born blind, to whom has
been procured the Faculty of feeing, at an
.Age capable of exprefling what pafled in his
Ideas.

Afingular ** But where to find (fays this renowned

gﬂbnrerzz;““ Author) the proper blind Obje&t to decide

frming ¢ Inconteftably the Point in Queftion ? In fhort,
the prece-<¢ in the . Year 1729, Mr. Chefelden, one of
frl;:lgquﬂcru thofe famous Surgeons, who join Dexterity
¢ of Hand to the greateft Lights of Genius,
¢ having imagined it poffible to give Sight to
““ one born blind, propofed the Operation *.
¢ It was with Difficulty the blind Perfon was
‘¢ brought to confent to it. He had no extra-

< nrdinary

* This Blind was born with a Pupil intirely clofed, and

the Operation confited in making an Opening in this
Part.
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<¢ ordinary Notion, that Vifion could make any
«¢ great Addition to his Pleafures. Indepen-
< dently of the Defire that had been inftilled
< into him of learning to read and write, he
<« had no manner of longing after Sight. He
« yerified by this Indifference, continues Monl.
< de Voltaire, that it is impoflible to be unhappy
¢ thro® the Privation of a Good, of which one
<« has no Idea. Bur, be that as it will, the
< Operation was performed, and {ucceeded.
¢« This young Man"at about fourteen Years of
¢« Age, faw the Light for the firft Time. It
“ was a good while e’er he could diftinguifh
¢¢ either Magnitude, or Diftance, or Situation,
<« or even Figure. An Objeét of an Inch
¢¢ placed before his Eye, and that hid a Houfe
¢ from him, appeared to him as big as a
<« Houfe, All he faw feemed to him at firft
<< to be upon his Eyes, and to touch them, as
¢ Objetts of the Touch do the Skin. He
¢« could not diftinguith what he had judged
¢ round by the Help of his Hands from that
«¢ he had concluded angular ; nor difcern with
<¢ his Eyes, if what his Hands had perccived
<« to be on high, or below, was in effect
<« high or low *. He was fo long from
<« knowing Magnitudes, that, after having at
¢ Jaft conceived by the Sight, that his Houfe

¢¢was

* This confirms what I was faying above, that it is by
a Reafoning of Habitude, that the Soul rettifies Objetts,
and judges that an Image, reverfed in the Bottom of the Eye,
comes from an external Objet in a right Situation,

249
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The ¢ was bigger than his Chamber; he could not
SIGHT- ¢ apnrehend how Vifion could give this Idea.
¢ It was only at the End of two Months Expe-
‘¢ rience he could form a Notion, that Pictures
‘¢ reprefented folid Bodies. And when, after a
¢ long Groping with this new Senfe of his, he
¢¢ had perceived that Bodies, and not Surfaces a-
*“lone, were painted in thofe Pieces, he felc
¢¢ them with his Hands, and was aftonifhed not
““to find by the Touch thofe Bodies folid,
< whofe Reprefentation he began to have a Per-
¢ ception of ; and wanted to know which it was
‘ deceived him, the Senfe of the Touch, or

“that of the Sight.”’

How OBJECTs are feen DISTINCTLY.

To difcern a fingle Objet, it is fufficient, as
we have feen,, to direét the Axes of both Eyes
on the Object. To difcern it diflinétly, this firfk
Motion is neceffary but infufficient.

Whatcon- A0 Image is diftin¢t, when all the Points of

g:iltl::le;t 2 the luminous Cone that form it meet in the fame

Image, Froportion as they preferve on the Object itlelf,
without Confufion, or Space, without any
Mizxture of foreign Rays, and without the Or-
gan’s being affeCted by this regular Collection
of Rays either in toe lively or in too feeble a
manner.

Or, in other Words, an Image is diftin&,
when all the Points of Light, and the Mixtures

‘ of
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of Shade that form it, are ranged in fucceflive
Order, as they are on the Original itfelf 5 fo
that feveral of thefe Points or Mixtures of Shade
do not center in a finglé ene, or leave any
Spaces between them, that are not in the Origi-
nal 3 or, in fhort, make any Impreffion, that is
not abfolutely proportioned to the Senfibility of
the Organ. For the one or other of thefe De-
feéts renders an Image confufed. |
- That all the Points of a luminous Cone con=
veying an Image may fall near one another 1n
the juft Proportion, which renders an Image dif-
#iné, the Cloth that is to receive thefe Rays
muft be placed exactly in the Degree of Di-
flance E, F, G, Fig. 1. PL XIV. from the
croffing dd of the luminous Pencils, at which
Diftance occurs this juft Proportion, this exaét
Order of luminous Points, and of the Points of
Shade. Let us form to ourfelvesa clear Tdea
of this juft Re-union of luminous Pencils, at a
certain Point. And, to this End, let us recol-
Jec, that each Body fcatters around it the Light
that ftrikes it.  So that each Pencil of Light,
Contaét with a Point of a Body, rebounds on
enlarging itfelf continually ; infomuch, that this
Point of the Body makes the Top of the Cone,
which forms the refleted Pencil. Take in the
Arrow A, B, Fig. 1, three of thefe Points, or
of thefe Pencils, amongft the prodigious Num-
ber of thofe that refle&t from the Arrow, and
form Cones all around, At whatever Diftance
you

25 I
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S:l;h: place yourfelf, your Evye will receive a Cone.
\——~ {Tom every one of thefe Points, and the Bafis of
thefe Cones will fail upon your Eye. But to
procure a diftin¢t Image at the Bottom of the
Eye, that is to fay, to caufe there a Re-union of
cach Pencil in one Point, as in the Original
that tranfmits it, and in the fame Order, it is
fufficient that thefe Pencils pierce the Eye : be-
caufe the Refraction in breaking feveral of the
oblique Raj,fs d, d, and few or none of the
others, C, the luminous Pencils muft neceffarily-
et By B 2 Goas thE}F did on the Object
A, B. The Points E, F, G, form therefore
the optic Plain, the Place where the Image is
diftin¢t, It is there then, where we ought to
fix the Cloth, the Pafteboard that receives an
Image, and in particular the Choroides, If this
be more advanced in H, I, K, it will fall in
with the Pencil farther enlarged, and the Image
will become confufed, becaufe thefe enlarged
luminous Points do not render it like the Origi-
nal; and, being befides difperfed, are mixed
with the collateral Pencils, which we muft {up-
pofe in the Circumference of thefe to be in infi-
nite Number. If the Choroides, or the Cloth,
be at a greater Diftance, as in L, M, N, the
Point of Re-union will be overfhot, and the
Cloth will fall in with the Beginning of a new
Croffing of Rays, a new Scattering, and a new
Divergence of each Pencil, and confequently

the Image will be very confufed.
So
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So that after the Croffing of all the Pencils of The

Light towards the Cryftalline Humour d, d ,_::L
where all the Rays are confounded in a Heap,
as it were, even to the new Crofling of each
Pencil in L, M, N, there are only the Points
E, F, G, where the Pencils are diftintly re-
united, and re-eftablifhed in the order they pre-

ferve on the Original from whence they are
reflected.

This Point is not the fame in regard of aThe Rea-
diftant Objet, and one near at H’md Thefon why

the Point

Rays refle¢ted by a neighbouring Object arrive o the 1-
at the Eye more divergent, and more fcattered, mage of

and their Cone forms a more open Angle. ;‘:;: b?b'

They muft therefore re-unite at a greater Di- comes dif-
ftance, and beyond the Focus of the Cryftalline fingd, is

5 : *becaufe it
even where the Rays of the Objett, were it toois more

near, would not be reunited at all, but would"”“‘“:‘he
fall parallel to the Bottom of the Eye. It iscroffing of

the Reafon why we dilcern no Object approach- the Rays,

; J i _ than the

ing too near the Pupil, or difcern it very Point

confufedly. Where the
Image of

The Rays proceeding from a diftant Objeét mmm
are almoft parallel, when they arrive at the Eye. Objects
- Now fuch Rays, by the Laws of Rtfm&mn,:f'ﬁﬁ;g
muft neceffarily re-unite their Pencils at the Fo-
cus, or very near the natural Focus of the Eye, .
and confequently a great deal fooner than thole
of neighbouring Objeéts.

Let me add, that Rays refleCted by a neigh-
bouring Object are Traces of Light darted

from
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The from very near, and that the Increafe of their
Sicut: Force is in Proportion to the Proximity of the
= Obje, that darts or reflects them. Their Re-

fiftance therefore in Regard of Refraction is fo
much the greater, and the luminous Pencils
are re-united of Courfe at a remoter Diftance.
On the contrary, the Rays refleted by a di-
ftant Object are weakened in the long Track
they traverfe ; their Force is loft, and extin-
guifhed by little and little, as is the Cafe of all
communicated Motion. Thefe Rays then give
way more eafily to the Powers of Refraction,
and confequently their Pencils are fooner fe-
united. The luminous Pencils then of neigh-
bouring Objets are, in Regard of the luminous
Pencils of Objeéts at a Diftance, almoft what a
red Ray is in Refpect of a violet-coloured Ray ;
that is to fay, the Pencils of diftant Objects are
more refrangible. Therefore they muft for all
thefe Reafons be re-united fooner, or nearer the
Cryftalline Humour, than the Pencils ‘refle&ed
from neighbouring Objeds. This is no ways
here a fimple Conjetture, mere phyfical or
geometrical Reafoning, but real Matter of
Fac, fubjected even to occular Demonftration.
Be placed in a Chamber over againfl the
. Window : hang at this Windew a String, a
Piece of Wire, &. Prefent to thefe Objects,
in the middle of the Chamber, a lenticular
Glafs, in order to receive their Image, and, at
the fame Time, that of Objedts from without
the
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the Chamber. Behind the Lens hold a white The
Pafteboard, on which thefe Images may B,
painted.,

You will obferve, that, when the Objelts
from without fthall be painted clearly on the
Pafteboard, the Image of the String hung at
the Window will appear on it confufed, and
like an enlarged Shade. If you would have a
diftin® Image of this String, you muft place
the Lens at a Diftance from the Pafteboard, and
then the Image of the Objeéts from without the
Chamber will be confufed in their Turn. If
afterwards you have a Mind to fee diftinétly the
Image of thefe Obje@s from without, you muft
advance the Pafteboard to the Lens, or the
Lens to the Pafteboard.

The Humours of the Eye perform the Office The Mo:
of a Lens, and the Choroides is the Cloth thattions of
receives the Images. Therefore, in-erder t‘oiﬁﬁf :ﬂ
fee diftinétly, it is neceffary, when we look at afee di-
very near Object, that there fhould be a greater g::ﬁﬂ;;m
Diftance between the Cryftalline and the Cho-and re-
roides ; and that, when we look at an Obje&;:é’tf b
more remote, the Cryftalline and the Choroides
fhould nearer approach one another, without
which the Image is confufed.

It is the Reafon why, on looking at a diftant
Obje&, the Eye contratts itfelf, and becomes
flatted, its Bottom advancing towards the En-
trance of this Organ, in order to meet the lumi-

nous
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nous Cone, that re-unites its Pencils nearer their
crofling.

The Flatnefs of the Humours adds likewife
to the Feeblenefs of this Cone, in producing a
lefs Refraction. For the flatter a Lens is, the
lefs it refracts Light.

Thefe flacter Humours feem to oblige the
luminous Pencils to affemble at a greater Di-
ftance, or have a longer Focus, like flat objec-

tive Glaffes. This would be Fa&, were the

Flatnefs of thefe Humours as confiderable as
that of thofe Glaffes. But as it is moderate, it
1s not even fufficient to fupply intirely the Re-
frangibility of Rays. It can but partly make
way for the luminous Pencils 3 and the Bottom
of the Eye which comes forwards has fo much
the lefs to do. It is very obvious how much
this Concurrence contributes to render this Me-
chanifm eafy. It is an Advantage Glaffes are
deprived of, that have folid Lens’s; and on
that Account one is obliged confiderably to
fhorten them on looking at diftant Dbjeéts.
This {mall Flatnefs of the Humours of the
Eye caufes likewife the total Cone of Light to
pafs there in a greater Angle, and imprint on
the Choroides a larger Image ; for the fame
Reafon, as when I put a flatter Lens to the
Hole of the dark Chamber, I have the Images
of external Objeéts to a larger Dimenfion. See
P2 315 22 B9,
When

b
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- When; after having looked at a diftant Ob- The
je&, and furveyed it in the Magnitude we have S'°HT-
been fpeaking of, one looks afterwards at one
that is near, the Eye from being flat, as it was,
becomes lengthened, in order to determine the
Choroides to the Point of the Union of the Pen-
cils, The Humours are more convex, and re-
fra& Light to a greater Degree § and this in-
creafed Refraction was neceflary to collett the
very divergent, very ftrong, and very little re-
frangible luminous Pencils of thefe neighbour-
ing Objects. Notwiftanding this great Refrac-
tion, ftill the Rays darted from too near a Dif-
tance, get a little the better of it. ‘There re-
mains to them neverthelefs Superiority enough
to draw back their Focus, and the lengthened
Figure of the Eye comes very apropos to go
and receive; and finifh; what the Convexity of
the Humours had begun ; but this Convexity
faves it ftill a Part of the Way.

Humours more convex give {maller Images,
as does a more convex Lens in the dark Cham-
ber. So that altho’ neighbouring Objects appear
larger, by reafon they tranfmic a larger Angle
to the Eye; this Angle notwithftanding is lefs
than it would be, in cafe the Eye could be
lenthened without rendering likewife its Hu-
mours convex ; and Objeéts would appear
larger, if it could lengthen itfelf, and preferve
its Humours flat; in the manner they are, when
one furveys a diftant Object. Diftant Objects

S appear
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The appear to us then a little larger; and nearer
.SEHT' ,Objects fomewhat fmaller than they would feem
7 to us, were the Humours or Lens’s of the Eye
always under the fame Configuration,
It is for this Reafon that, when we fee a di-
ftant Object, while we have our Eyes fixed on
a neighbouring Obje&t over againtt it, the di-
ftant one appears to us a great deal {maller
and more confufed, than when we look at it it-
felf diretly, We fee-it fmaller, for Reafons
given p. 235. We fee it confufed or fur-
rounded with Rays, becaufe the Choroides be-
ing drawn back, is no longer at the Point
where this feeble Cone is fubfifting diftinétly.
From hence it happens, that there are Perfons
in the World, that can only fee, diftinétly, Ob-
je€ts almoft under their Eyes; becaufe their
Choroides is naturally at too great a Diftance
from the Cryftalline Humour, for the diftinét
Image of remote Objeéts to be able to reach
this Choroides. Others, on the contrary, can-
not fee Objects diftinctly unlefs they are very
diftant ; by reafon their Choroides is fo near the
Cryftalline Humour, that the Image of neigh-
bouring Objects is not yet formed, when the
luminous Cone arrives at the Choroides.
The My- Lhe Myopes, or thofe that can only fee Ob-
ope, or  jefts very near, have the Choroides too far off
Eegfmd from the Cryftalline Humour, or from the
Eye.  Crofling of the Rays ; either becaufe their
tranfparent Cornea projects too much, the

Cryftalling
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Cryftalline Humour is too convex, and too The

ftrong a RefraGtion makes the Rays crofs too
foon : or elfe becaufe, with an ordinary Re-
fraGion, their Globe of the Eye is too big,
and too much diftended, ‘or the Space of the
vitreous Humour too large. In both thefe
Cafes the optic Point, or the diftinct Formation
of the Image, is on this Side the Choroides.
So that when the Image falls on this Choroides,
it is already difconcerted, the Pencils are already
divergent, as in L, M, N, Fig. 1. Pl. XIV.
Thefe Sort of People thruft their Eyes almoft
upon the Objects ; in order to lengthen the
Focus by this Proximity, and make the optic
Point reach the Choroides. They alfo fuccefs-
fully make Ufe of a concave Glafs, that length-
ens the Croffing of the Rays, and the Point
where the Image is diftinét. But Age, which
diminifhes Abundance of the Liquids, and the
good Plight of the Eye, as well as of all other
Parts, generally correts this Defect.

i H‘T

Thofe who difcern nothing but at a greatThe Pre-

Diftance, have the Choroides, H, I, K, too

fbite Eye,
or that

near the Croffing, d, d; of the Rays; eitherwhich fees
becaufe they have the tranfparent Cornea or the Well only

at a Di-

Cryftalline Humour too little convex, or e]feﬂm.:e

the vitreous Space too {mall.
If they have the Cornea, or the Cryftalline

Humour too little convex, the Reftaétion is
feeble, the Croffing is made at too great a Di-

ftance, as is the Re-union of the optic Pencils.
S 2 So
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The So that the inverted Cone gains the Choroides
‘S""HT‘ ,in H, I, K, before the Pencils are united, and
5 before the Image is diftin&tly formed, as it is
inE, F, G. |

Tho* the Refraction and Crofling are as
ufual, yet if the Apartment of the vitreous
Humour be too {mall, too fhort, or flatted,
the Choroides will be ftill on this Side the op-
tic Point, and will receive no diftint Image,
unlefs that of very diftant Objeéls, that have a
fhorter Focus, and require precifely a Choroides
near the Cryftalline Humour, as thefe Prefbite
Eyes have ; a common Defect in old People
from a general Aridity of the Parts. This De-
fect is correfted with convex Glafles, Micro-
fcopes, and a Liens which augments the Refrac-
tion, and renders the Croffing of the Rays and
their Focus fhorter. But this is the fole Re-
fource remaining to thofe who labour under this
Inconvenience. For the Prefbite Eye has not,
like the Myope, the Advantage of being
amended by Age. Time, on the contrary,
ferves only to render its Condition worfe.

A well formed Eye is therefore that, wherein
the Image of Objects, at a middle Diftance,
falls diftin¢tly on the Choroides without any
Violence offered to this Eye ; which fuppofes a
regular Figure of the Parts of the Eye. But a
good Eye is that, which adds to this regular
Conformation, the Talent of feeing diftinctly
at all Diftances ; becaufe it has the Power of

: | metamor=
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metamorphofing itfelf into a Myope, or dilated SE:IET

Eye, when it furveys very near Objedts ; OF omymd
into a Prefbite, or flatted Eye, when it looks at
Objeéts that are very remote.

This Power the Eye is endued with of dih'g;;s :’;’
ting or contracting itfelf, can only refide in the panded to
Mufcles, and ciliary Fibres, that furround and‘gﬂ? near

: bjects,
move the Cryftalline Humour. and flatted

When we look at a remote Objeét, we twia- fﬂ;fhﬂf‘“
kle the Eye-lids, that feem to prefs upon die” 2
fore Part of the Globe, in order to flat it. The
Eye feems alfo to fink to the very Bottom of
the Orbit, by the Contraction of all the ftreight
Mufcles, which line this Bottom with their in-
flated Bellies ; and, drawing by their Tendons
the anterior Hemifphere againft it, muft flat of
courfe both the one and the other by its Poles,
and make the Choroides by that means approach
the Cryftalline Humour, and perhaps render that
Humour itfelf flat,

When, after having viewed a remote Object,
we look immediately at an Object that is very
near us, fituated on the fame Line as the for-
mer, we are fenfible of a Rotation, and a vio-
lent Agitation inwardly, tho’ no outward Motion
be perceived in the Globe of the Eye. The
Eye-lids are dilated, and the Eye feems to ad-
vance out of the Orbit. Being preffed laterally,
or according to its Equator by its Mufcles, it
becomes flat, purfuant to this Dimenfion, and
is dilated by its Poles. The Corona Ciliaris is

S 3 at
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The s at the fame time contracted, and determines
.SIGHT ,likewife the Portion of the Globe that is faftened
' to it towards the Axis, and the Cryftalline Hu-
~mour towards the Pupil. By that means it fo
- much contributes to the Dilatation of the Eye,
and to the caufing a greater Diftance between its
Bottom and the Cryftalline Humour. It is
even pofiible, that by purfing up this thro’
its whole Circumference, in concert with the
lateral Prefiure of the intire Globe by the Mui-
fcles, it helps likewife to render this Lens more
convex. The Cryftalline Humour is not of
fufficient Solidity to be unfufceptible of thefe Al-
terations ; and the {mall Quantity of Humours
befides, which lubricate the Infide of its proper
Coat, give Liberty enough to this Coat to
change alfo the Figure of its Surface. Cannot
one add to thefe Proofs the Obfervations in
p. 232, &c? In fhort, it is very requifite,
that the Cryftalline Humour, and its ciliary Fi-
bres, fhould be capable of all thefe Motions in
Animals, which have the firft Coats of the Eye
abfolutely folid and inflexible. Such are, for
Inftance, the Eyes of the Whale, which
fome anatomical Travellers, that have diffected
them, have affured me are as hard, externally,
as fo many Balls of Ivory. They affirm
likewife, that Whales fee very well at all
Diftances ; that without fuch good Eyes,
they could not either give Chace to other
Filh, or avoid thofe that are on the watch

to
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to catch them, with fo great a Sagacity as they § The
do 3 and that the Opinions of fome Authors, of L:i
their having a Fifh to conduct and guide them,
are merely fabulous. However, were Whales
actually fhort-fighted, the Reafon of it would
be intirely difcovered, and would be a further
Proof of the Neceflity of the Motions juft attri-
buted to the Eyes. But in cafe a Whale fees at
different Diftances, its folid Eyes being incapable
either of dilating or contracting themfelves, it
is very neceflary that the Cryftalline Humour
fupply that Defet, by projecting, or fubfiding,
and fo becoming more or lefs convex, thra®
the Action of the Ciliary Fibres. '

The interior Violence accompanying the
Acétion of thefe Fibres, is what moft ftrains an
Eye obliged to look at a near Object ; and is
generally that which fo much fatigues the Eyes
of thofe that look with Application, and for a
great while together, as they do who read a good
deal : becaufe this Application {uppofes a con-
tinued Tenfion of the Ciliary Fibres in order to
put and retain the Eye and the Cryftalline Hu-
mour, in Situations proper for diftinct Vifion.

The Pupil, when it is a perfect one, gives
us a Specimen of this Contraction of the Corona
Ciliaris, by a {mall {fympathetical Contraction,
which it owes to their common Origin.

I faid that one twinkles the Eye to look atEffest of
a remote Object, by comprefling the antariﬂr;]:" ::}‘t’]%;
Hemifphere of the Globe, and that one dilatﬂsEfe.ﬁd,,

S 4 the
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A Phyfical Ejfay

The  the Eye-lids to fee an Obje& near, not inafmuch

as thefe two States of the Eye-lids are abfolutely
neceffary to give to the Globe the Figures it
ought to take in the Cafes propofed. Thefe
Figures of the Globe have other Caufes of greater
Power and Force, and one may, withour dif-
concerting their Effets, twinkle the Eye-lids
both in one and the other Cafe. We actually
do fo every time we make Efforts to fee better,
either in regard of diftant or near Objects. But
this kind of twinkling bears no Analogy with
the Figure of the Globe. All its Mechanifm
terminates in ftraitening, the Eye-lids, in order
to hinder the Rays from falling in too great a
Quantity on the fmooth Surface of the Cornea ;
from whence they are refle@ted and {cattered
around to the Prejudice of the Clearnefs of the
Rays which enter the Eye. It is the Reafon,
why we mechanically twinkle our Eyes, to per-
mit a Paffage to almoft nothing but the Cone of
Light that conveys the Image, and to prevent
this Image from being difturbed, and foiled, if
one may be allowed the Expreffion, by foreign
Rays. Hence likewife we fee an Obje&t better
thro’ a Tube, than in open Air.

It is by a like Artifice, that the Iris, which

itfelf on being ftruck by a very ftrong Light.

of Rays, which affeting this Organ more mode-
rately produce in it a diftiner Impreffion.

On
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On the contrary, the Iris is dilated, when the
Light is feeble 5 becaufe the Choroides, not
being fafficiently ftimulated by this feeble Light,
leaves the Iris in a State of Relaxation : and
this very Relaxation makes the Iris,thus enlarged,
receive a greater Supply of Rays. So that the
Quantity of thefe Rays repairs in fome meafure
their Feeblenefs, and produces an Image as
diftinét as pofiible.

Altho’ the Eye-lids, like the Iris, concur t6
preferve the luminous Cone, that enters the Eye,
more pure, and to render the Images more
perfect 3 if, notwithftanding, we look at a
Candle with our Eye-lids drawn fo near together,
that they partly clofe the Pupil, and intercept a
Portion of the luminous Cone that ought to en-
ter it, we no longer in that Cafe fee the Candle
clearly, but with great luminous Traces direc-
ted towards the upper and lower Part of this

Light 5 which large Traces are the Portions of
the Cone refleCted by each Eye-lid. But the
Eye-lids do not thus difturb the Sight, but
when they are clofed in the manner I have been
hinting ; nor has the Object thefe large Traces
of Light, but above and below. Thefe are
Circ , -ftances, that never entered into the
Thoughts of a Naturalift*, worthy of all Efteem
for his Piety, when he afcribed the Rays of the
Stars to this Reflettion, produced by the Eye-
lids being fond of ereting this Defect to a

Per-
* The Author of the Spetacle of Nature.

268
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The Perfection deftined by the fupreme Being to
1987 embellith the Spectacle of the Univerfe. '
Why the ~ 'We muft therefore feek elfewhere the Caufe
Eigiﬁmof ‘the Rays that furround the Planets.
withRays. = Thefe Rays are of feveral Sorts. Firft, we

find "around the Sun, a kind of luminous At-
mofphere, which almoft to the Life refembles
that eafily obfervable round this Planet, and
about the Moon herfelf, in fome particular
Fogs. |

Secondly, we obferve likewife in the Planets,
and principally in the Stars, a certain trembling
Motion, that fubjetts their Image to a perpe-
tual Alteration of Figure ; and luminous T'races
and Angles feem at the fame time to dart from
their Circumference.

Thirdly, in fhort, the Sun in particular,
when feen in a very clear Sky, appears fur-
rounded with a fparkling Atmofphere, infup-
portable to the Eyes.

The luminous Atmofphere that encircles the
Sun, is not altogether an Illufion of the Sight.
It is natural enough for this intirely fiery Planet,
to have at leaft an Atmofphere of very clear
and very lively Light, and it is this Atmof-
phere, that is fo intolerable to our Eyes *. The
Mediums, the Image of the Sun paffes thro’ to
come to us, are, perhaps, a farther Augmenta-
tion of the Appearance of this Atmofphere ;

becaufe

* The celebrated Monf. de Mairan eflablithed this At-
mofphere in his Treatife on the Light of the Zodiac.
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becaufe when thefe Mediums become grofler, The
théy make the Images of all the Planets appearm
furrounded with a Crown of Light. If we put

a fine Linen-Cloth between our Eye, and the
Light of a Wax-Candle, we fhall fee this Can-

dle furrounded likewife with a Circle of Light 3

by reafon the Threads of the Cloth, which the
Light of the Candle paffes thro’, difperfe and
fcatter a Part of them out of the regular Cone
naturally formed by this Light ; and from

the Portion of Light thus turned, and fcattered

round this regular Cone, refults that remarkable
Circle. Ethereal Matter, and the Earth’s At-
mofphere act, in regard of the Images of the Pla-

nets, what the fine Cloth does in refpect of this
Light.

Without putting the Cloth before a Candle,
if one looks at it from the Diftance of a hun-
dred Yards, we fhall fee it furrounded with
Rays, and Traces of Light 3 becaufe the lumi-
nous Filament, which conveys this {mall Image,
is not able to preferve its regular Figure, thro'
fo long a Space of Air. Hence feveral Pencils
in the Circumference of this {mall Cone are tur-
ned, and rendered more divergent than the reft ;
and fo by thefe fmall Scatterings form thofe
Traces and Rays, that furround the Body of
this Light, or principal Cone. Now, tho’ the
Diftance of 2 hundred Y ards be neceffary for {eeing
a Candle encircled with Rays, that of two Feet
is fufficient for feeing a Spark of Fire in the

{fame
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The fame State ; becaufe the luminous Filament of

SICHT. this Spark is extremely fine and feeble, The
Stars, by reafon of their Diftance, are feeble Lights
feen from a-far, mere Sparks, as it were, whofe
luminous Filaments are not able to preferve
their Regularity as far as us, 'The Moon is not
encompafled with Rays like the leffer Planets,
becaufe her luminous Cone, being of vafler Ex-
tenfion, makes the better Refiftance, in regard
of the Mediums it paffes thro’, fo that her
Image arrives in a regular manner at the Bottom
of the Eye. The {mall Planets, feen thro®
large Telefcopes, are equally without Rays, be-
caufe the Glaffes of thefe Telefcopes colleét the
Rays {fcattered in the Circumference of the
Image, re-eftablifh it, and render it regular.

As to the trembling Motion of the Planets,
that proceeds likewife from the Mediums their
Images pafs thro’ ;3 not from thofe groffer Me-
diums like the Atmofphere, but from the fubtile
ones, fuch as ethereal Matter, and the Matter
of Light. Thefe Mediums which fill and com-
pole the celeftial Spheres, are inceffantly in Mo-
tion, and the Motion peculiar to Light, or to
its Action and Funétien, as Light is the Motion
of Vibration. The Images of the Sun and
Stars, that come to us thro’ all the Spheres,
muft partake -of all thefe Motions, and confe-
quently undergo a proportional Alteraticn, in
regard of their Regularity. Now this Altera-

tion 1s precifely the trembling Motion that affects
the
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the Brilliancy of the Planets, of the Stars parti- The
cularly, whofe Image have feveral Spheres tﬁ,S‘“”'
pafs thro’. One has a grofs kind of Refemb-
lance, tho’ conftant enough, of this trembling
Motion, when we look at a Star, or the Sun,
reflected from the Surface of Water a little
agitated. '

When the Choroides is affeted by too lively
an Impreffion, one fees Sparks with it : and
even a Stroke received on the Eye makes one
fee Sparks, becaufe thefe nervous Parts are very
ﬂ:rnngl}' affeted. The direct Impreffion of the
Sun on our Eyes, is certainly one of thofe that
affe¢t this Organ too violently. Its Image of

3 " courfe muft be accompanied and furrounded by

Sparks. And this, in refpe¢t of the luminous
Atmofphere, is all that is therein remarkable,
For I cannot tell from whence the regular Traces
could have been taken, with which it has been
encircled with Rays, unlefs from the Imagina-
tion of Painters.

To deprive the Sun of all his Rays, we have
nothing more to do, than to look at this Planet
thro’ a Pin-hole, either on his fetting, or in a
Pail of Water, Becaufe the Impreflion made
on the Choroides in all thefe Cafes is very feeble,
and confequently void of Sparks. He is then
reduced almoft to the Condition of the Moon,
whefe foft Light is imprinted clearly, and with-
out the leaft Embarafiment on the Choroides.

Let
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The Let us end this Effay on Vifion with the Ex-
SICHT blication of fome optical Pheenomena, Part of
which are omitted in the Articles where they
fhould have been ranged, and the reft having a
Connexion with feveral Articles occur here in
their natural Place.

Sequel of the Pheenomena of Vis1o0N.

I.
tiow tie YL/ E. Have feen thro® all the preceding Dif-
Tmages of courfe, that Images crofs one another,

ﬂb_i:e&s and are reverfed in the Eye, as they are in the
ﬁ{:fre*dark Chamber.  If, notwithftanding, we are in
which en-a dark Chamber, and look thro’ the Hole at ex-

f;;}:" thf"teri«:ur_(JijerEi:::,,, we fhall fee them ftrait, - Thefe

Cffmlfn Objects, neverthelefs, fall reverfed on the tranf-
thefe e parent Cornea, as they do on'the Pafteboard,
exterior {ubfervient to the Experiment of this Chamber.

Erfjﬁsn In cafe the Eye makes the:_n crofs again, Fhey
in a rightare of courfe in a right Pofition. Now Objects
?:ﬂ;t“}nu; painted right in the Eye muft be feen reverfed.
veyed  So that thofe exterior Objects muft confequently

thro' the b feen reverfed, which one looks at thro’ the
Hole of

this Hole of the dark Chamber.

Chamber.  yWe fee the Images reverfed, painted on the
Pafteboard, d, d, of the dark Chamber, Fig.
‘2. P1. XI1I. becaufe thefe Images reverfed and re-
fleted by the Pafteboard towards our Eyes, e,
crofs once thote in thefe Organs, and go to be

painted in a right Situation on the Choroides
and
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and thefe reflected Images crofs again in' the The

. < : 2 SIGHT.,
Eye, by reafon their Rays are parallel, or con- Y
vergent. Exterior Objeéts, feen immediately '
thro’ the Hole of the dark Chamber, would
equally be feen reverfed, did their Images like-
wife crofs in the Eye.  But this is not the Cafe.
They fall in the Bottom of the Eye reverfed,
Fig. 3. as they are on the Cornea, and on the
Pafteboard ; becaufe thefe immediate Rays, far
from being parallel, or convergent, like the
Rays reflected by the Pafteboard, d, d, are ex-
tremely divergent : infomuch, that it is impoffi-
ble for the Humours of the Eye to make them
crofs again. Thefe Humours only colleét them,
as the convex Glafs does, placed at the Hole of
the dark Chamber, and nothing more.  See
Fig. 2, 3, Pl XIII; where thefe Truths
are exprefled. A, Fig. 2, is a Steeple feen
thro’ the Hole ¢, of a dark Chamber; d, dis
its Image painted reverfed on the Pafteboard.
The Reafon why it is feen reverfed, is becaufe
the Rays refleCted towards one’s Eye, e, crofs
afrefh, and thereby reftify the Steeple.  In
Fig. 3, the Eye D looks at the Steeple A im-
mediately thro’ the Hole C of this Chamber.
The Rays C D being too divergent, cannot
crofs in the Eye D. Hence they paint the
Steeple reverfed, as if one looked at it out of
the dark Chamber, and on that account, we
{ee it in a right Situation,

All
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SF]:?T . All the World knows; that, in order to rec-

s tify Objeéts in the dark Chamber, we muft place

- at the Hole of this Chamber two lenticular
Glaffes ; to wit, the firft at the Hole itfelf, C,
Fig. 5. the fecond E feparated from the former
a little more than two Foci of thefe Glaffes.
The firft Glafs C brings back the divergent
Rays, C, towards the Parallel. The fecond
Glafs E recovers thefe parallel; or almofl paral-
lel, Rays, makes them crofs afreth; and thus
rectifies the Image in F. This Image appears
right to the Eye D, becaufe being reflected by
this Eye, it there croffes and is reverfed; as if
the Image came directly from the Object A.
Confequently, neither the firft Glafs, nor the
Eye, is capable of making the Rays crofs, and
fo rettify the Images at the Bottom of the Eyc,
as we fee it does, Fig. 3. Thefe Images then
will be there reverfed, and the Objeét feen thro®
the Hole of the dark Chamber would appear
right.

I1.

tfow a  Lhe Hole of the dark Chamber; that exhi-

Pinina bits Objefts reverfed on the Pafteboard, d, d,

;1&:; it:;,lcts them notwithftanding be feen witho ut in a

appear re-right Situation. But here follows another Ex-

veried. periment, where, on the contrary, a right Ob-
je&t difpofed before, and within this Hole, ap-
pears reverfed and placed on the Outfide of this

Chamber, ;
With-
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. Without recurring to a dark Chamber, put The
‘before your Eye D, (Fig. 4, Pl XIIL.) a l::pleur.1{,3,:11::;.|r
Pafteboard, B, pierced with a Pin-hole, C.
Place over againft and beyond this Hole, a very
illumined Body, fuch as a Sheet of whire Paper,
‘E, enlightened by a Flambeau, G. Hold af-
‘terwards a Pin, d, before your Eye, D, and you
will fee with Surprize the Pin reverfed, and on the
other Side of the Hole in F.© Which Pheenome-
non 1s thus accounted: for.

" The Imﬁgts of exterior Objects, it is wel} -
known, in pai'ﬁng' thro’ the Hole, C, Fig.
2, 3, are reverfed, and painted thus reverfed,
either on the Pafteboard, d, d, or in the |
D. The fame Thing happens in regard of the
Images which pafs thro’ the fimple Pin-hole,

‘¢, Fig. 4. and goes to be painted in'the Eye,
D. At the Place where the Pin in a right Situ-

~ation, d, 1s put, the Images are already rever-
fed.  Now this Pin occurring with thefe rever-
fed Images, ftops the Rays that correfpond with
it, and, confequently produces in thefe Images
a Deficiency of Rays, or the Shadow of the
Figure of a Pin. This Pin in the midft of this
reverfed Image is right. The Image of the
Paper, E, will therefore go to be painted at
the Bottom of theEye in a reverfed manner, hav-
ing in the middle of it a Shadow of a Pin in a
right Situation. Now the Soul judges Objeéts
right, that are reverfed in the Eye, and reverfes
thofe that are there right. Whence the will {ee

T the
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The the exterior Objeéts, E, in a right Situation,
E:f::’_,and the Shadow of the Pin reverfed. She will
' moreover fee this Pin, or rather its Shadow,
beyond the Hole in F 5 becaufe the Pin fhe fees
is only in Effe a Shadow produced in the
Image of the exterior Obje&ts, E. This ima-
ginary Pin ought therefore to be the exterior
Objeéts, E, and feen beyond the Hole,

1I1.

Why the The Eye is not only deceived in regard of

quick  the Situation of Objeéts, by fecing thofe rever-

:‘;’;ﬂ:"ff fed that are right, and thofe right that are

burning reverfed 3 but is ftill more frequently deluded,

fﬁiﬁeﬂ'{:i—md with lefs Art, as well in refpect of the Situ-

Fire.  ation, asof the Figure of Obje&s, when a lighted

Charcoal whirled around fhall feem a Circle of

Fire ; or when a very fmall Fiddle-ftring fhall

be made to appear large, or fcem to be feveral

~ on the Side of one another, by folely exciting
Vibrations in this fine and fingle String.

Thefe Phoenomena depend on the Duration of
the Senfations, which an Obje& excites in the
Nerves, and on the Quicknefs with which the
A&ion of it is repeated. 'When a Spark of Fire
burns us, the Smart continues for a while,
after the Spark is extinguifhed ;3 and the Im-
preffion of Savours and Odours remains likewife
a certain Time, after the Objects have ceafed to

affe the refpective Organs. In like manner,

altho
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altho’ Light be of a much more fubtile Nature, The
its Impreflion neverthelefs fubfifts a limited ﬁmHT"
while after its AGion. Now if the Acion of '
an Object is renewed on a nervous Papilla, be-

fore its former Impreflion is extinguifhed, the
Impreffions will be continued, as if the Ob-

jeét had not ceafed to act. This is the Cafe in
regard of the fiery Circles produced by the fre-
quent and rapid Whirling of a burning Coal
thro® the fame Track. Its Actions on the fame
nervous Papille of the Choroides fucceed one
another, with fuch Rapidity, that the Im-
preflions they there excite are continued ; fo

that having in the Eye an uninterrupted Circle

of the Impreflion of Fire, we neceffarily fee a

fiery Circle. This is the Reafon likewife, why
Drumfticks by a rapid Succeffion of one another

on beating this Inftrument, produce the con-
tinued Noife called the Ruff, The String of a
Violin enlarged or multiplied by Vibrations are
explained by the fame Principle.

A Light, that rapidly traverfes a Space in the
Heavens, feems there ftill a continued one,
Becaufe the Line of lively Impreffion it defcribes
in the Eye, is made with that Celerity, that all
the Points of this Linc of Impreffion fubfift at
once a certain Time, Confequently, one has i
the Eye an intire Line of luminous Impreffion,
and therefore one muft fee a continued Light,
Such are thofe Meteors, ftiled by the Vulgar,
Falling Stars.

T2 ]
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s V.
Obferva- | Jooked at a diftant Steeple with one Eye,
e ss?ghtand put before it'a Wire not fo thick as my
of adi- Pupilislarge, I {aw the Steeple notwithftanding
jﬁ{t aﬂ’“the Wire, and as it were thro’ the Wire, which
that of a appeared to me like a thick Shade correfpond-
:‘:rérig?‘ing with the Steeple. I faw neverthelefs this
near the Steeple intirely. I afterwards looked at the
wieon  Wire itfelf, and faw it diftinétly without Shade,
Line. and {maller than the Shadow I faw of it on
looking at the Steeple. But it was not all
tranfparent, and, tho’ abfolutely very {mall,
hid from me a Part of the Steeple. This Steeple
in its turn, which I faw without looking at it on
the Side of the Wire, appeared to me a great
deal fmaller than when I looked at it direétly.
When I looked at the Steeple direétly, I had
my Eye contraéted, and flatted by the Poles,
in order to receive the luminous Cone, at the
optic Point, and I faw it diftinétly, and in its
natural Magnitude. In this State, the Choroides
too much projected for the luminous Cone of
the Wire, and the Pencils of the fame luminous
Pointsreached this Choroides befor their Re-union,
and reached it befides feparated from one another,
and leaving void Spaces between them. Hence,
when I paffed the Wire before my Eye, it

feemed to me like an enlarged and tranfparent
Shadow,
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I faw the Steeple thro’ this Shadow, becaufe EJTEI::ET'
thﬁ_ Separation of the luminous Pencils of t_l}e, S
Wire, left Spaces large enough for the di-
ftinét Reunion of the optic Pencils of the
Steeple.

When I looked at the Wire itfelf, I faw it
diftinctly and {maller, becaufe I then dilated my
Eye, and determined my Choroides to the
Point, where the luminous Pencils of this near
Object went to reunite themfelves diftinétly,
and by reafon in this Point the Pencils are redu-
ced to a fmaller Space. The Wire at that
Time, tho’ not fo large, hid from me Part
of the Steeple, becaufe the luminous Pencils of
the Wire, being very compact, left no more
Space for thofe of the Steeple correfponding
with them, and thus totally effaced them. This
Steeple, feen on the Side of the Wire, and with-
out looking at it directly, feemed {maller than
when I did look at it, becaufe when its Image fell
on my Eye, it became more convex, in order to
fee the Wire ; and this Figure of my Eye pro-
duced a large Refraction in the Image, which
was rendered fo much the fmaller in it.

V.

To thefe Obfervations, that regard the Di- New Op-

ftin¢tion and Magnitude of Images, I will add tical Phee-
: nomena.

fome others of a very fingular Nature, occa-

ficned by the former.
T3 As
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Objetts
magnified
by the In-
terpofition
of a Wire,
or a Pin-
hole.

A Phyfical Effay

As I was looking at the fame Steeple, and
frequently pafling a Wire backwards and
forwatds, before my Eye, I cafually per-
ceived with Surprize, that every time the
Wire pafled before my Pupil, the Steeple
feemed to move and leap, as if I had paffed be-
fore my Eye the Glafs of a Telefcope. The
Mountains that were behind the Steeple had in-
tirely the fame Motion.

On a clofer Examination of the Matter, I
obferved that the only Cafe, where the Steeple
did not leap, was when I made ufe of a certain
very narrow Medium, and a very difficult one
to keep. There the Image of the Steeple was

~ not fo diftin&, and feemed to me enlarged.

I was ftruck with thefe Circumftances, that
obliged me to obferve in the Wire a kind of
Lenticular Glafs, For I furmifed even at firft,
that the Steeple feemed to move, inafmuch as
the Wire, being placed in the middle of its
Ray, enlarged the Image of this Steeple, and
becaufe, on the Wire’s being paft that middle,
and the enlarged Image’s fuddenly refuming its
ordinary narrow Bounds, the Steeple looks as if
it were in real Motion ; as an Object, before
which one pafies a Lenticular Glafs, appears re-
fratted and moved.

In order to be afiured of the Reality of this
Conje&ture, I accommodated my Eye to the
Steeple in fuch a Manner, that its Image came
to my Eye glancing very near the Side of the

Window,
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Window, where I obferved it. I again paffed SE‘L
my Wire, and faw that, when it was in the Vi- (mymmd
fual Axis of the Steeple, the latrer feemed
nearer the Window, on whatever Side the Wire
came ; becaufe the Image of the Steeple enlar-
ged by the Wire diminifhed in that Proportion
the Space I had made between thefe two very
ricar Objeéts. I obferved likewife, that when
this Image was contracted, by withdrawing the
Wire, it was fo much the more remote from
the Window. Hence, on executing with Cele-
rity what I had been doing deliberately, the
Steeple feemed to leap on its approaching to,
and retiring from the Window.

After this Confirmation of my former Con-
jeGture, I repeated the Experiment in a very
clear Seafon, which ftill equally fucceeded.
And the Wire, being held fixed and exatly in
the middle of the Steeple, never fails to make
it appear a great deal larger, and as it were
double. The phyfical Caufe of this fingular
Phcenomenon is as follows,

This Medium, where the Image of the
Steeple is confufed, larger, and as it were dou-
ble, is when the Wire is exa&tly in the Axis of
the Image of the Steeple. In this Situation, the
Wire divides the luminous Cone, that conveys
this Image info two equal Parts, and inter
cepts the perpendicular Filamen: of it, which
is what contributes to render the Image incom-
pleat and confufed.

T 4 The
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A Phyfical Effay
~The Confufion of the Image of the Steeple is

all one ¢an attend to, from the Interpofition of
fuch a Body as a Wire: it is nutmthﬁandmg
much lefs percepnble than’its Enlargement. !
“The Confufien is flight : Therefore the
Wire intercepts but foi! Rays. It is never-!
thelefs of fuch a Thicknefs, that it ought to’
hide from me at leaft the whole Steeple 3 for I
{ee an intire Plain, of which the Steeple dmes_
not make a hundred thoufandth Part. . The
Wire is almoft ‘a Line thick, my Pupil thro®
which the Image of all this Plain paffes, contains'
but a Lineand a chalf, or two Lines at moft,
and the Wire is only the Length of an Inch of
1. Conceive' then a Cone of Light, with a
Bafe more than a hundred thoufand Times as.
large as the Steeple, and place within an Inch
of its Top an opaque Line, and you will fee
what ‘an Angle ‘this Line will ‘defcribe on ‘the
Bafe of the Cone, and how' many Steep}ﬂs it
will cover. - g
It therefore neceﬂ‘dril}f f'cllaws, that the grtat-
¢ft Part of the Rays, which occur to the Wire,
are not ftopped by it-and extinguithed ; ﬁ:}ra
great ‘many’ of them are requifite in order to
one’s feeing the  Steeple. " "On' the ‘contrary,
thefe ' Rays muft circulate’ a fittle round “the
Wire, or turn'from their right Line to accom-
modate themfelwes to -its-Circumference, ‘fome-
what like what a Filamentiof Water or' Air would
0. By means of this turning, our Eye. will
iy have
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have ‘almoft the whole Tmage of the Stﬂﬂplf,:&:ﬂﬁ |
which uf: courfe will hehver}r little confufed.
That is not all.  This Image of the Steeple
appears enlarged. Now an Inftrument that en-+
larges an Image, only does fo by rendering its
Rays convergent, or at leaft by making them-
crofs in a wider Angle. ‘Thus, as the Wire en--
larges the Image of the Steeple, it neceffarily
follows, that as one half of its Circumference
which fronts the Object, turns and renders the
Rays of the Steeple divergent, fo the other that'
fronts the Eye, turns thefe fame Rays conver-
gently towards this Organ. = There is therefore
thro’ the whole Circumference of the Wire, a
certain Power, that colleéts towards the Eye
thefe fame Rays which it had at firft fcattéred.-
To that End this Power muft of courfe apply’
thefe Rays to the Circumference of the Wire,
and oblige them to follow this Circumference:
even to a particular Point. In a Word, the:
Circumference of the Wire muft in regard of
thefe Rays be endued with an Attration intirely
like that obfervable in Glafs. Now we have
feen that this Attraétion is nothing elfe than an:
Impulfe of the Fluid which furrounds the
Wires and that thefe Rays are thus applied to-
the Wire, as a Filament of Water is to a Stick,
or a Piece of Lift prefented to it.
- This furrounding Impulfe therefore deter-
mines thefe Moieties of the Image to turn
round the Wire, and by that means makes the

whole
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The whole Image appeat double. This Impulfe

Sicut: Jikewife retains thefe fame Moieties, as much
as poflibly it can, againft the Circumference of
the Wire, which Effort produces a Turning of
thefe Rays towards the vifual Axis, Confe-
guently they crofs with greater Celerity, and in
a larger Angle, and of courfe form a larger
Image.

Thus then are Rays refracted in Convergence,
and an Obje&t enlarged by a Wire, in the fame
manner as it is by a Lenticular Glafs § what has
never, I ifhagine, been before furmifed.

Not only the narrower luminous Cone, pafl-
ing in the Eye; without the Wire, occurs thus
collected in Convergence § but the Wire like=
wife becoming thicker than this firft Cone, its
Surface muft neceffarily attract the collateral
Rays, or Portions of a larger Cone; and colleét
this larger Cone in Convergence in the Bottom
of the Eye, which of courfe muft produce a
larger Image.

In order to convey a clearer Idea of this
Pheenomenon, and its Explication, I muit defire
the Reader to confult Fig. 2, Pl XIV. 'The
black Lines defcribe the narrow luminous Cone
that conveys the natural Image of the Steeple A,
to the Eye B, when the Wire is not before the
Pupil, where it is evident, the natural Cone is
much narrower than the Wire C.  The pointed
Lines not only mark the firft luminous Cone

ftopped
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ftopped and turned by the Wire C 5 but they S'I‘l:n:

defcribe likewife the collateral Rays more fcat- ._'_:IL
tered, which are attratted by the Wire, and
colle&ed in Convergence in the Pupil, in the
fame manner as we have feen in the Plate of
Pl XII. Fig. 2, the Lenticular Glafs affembles
in the Pupil the collateral Rays g, h, which
would not have been entred there without this
Refraion 3 and by that means the pointed
Cone, thus collected in the Bottom of the Eye
B, makes there a larger Angle, and a larger
Image, than the Cone marked by the black
Lines, which is the natural one. As to what
remains, the Experiment equally fucceeds with
every other Body as with the Wire, provided it
be as narrow.

This Difcovery, which depends on the In-
flexion of Rays, towards the Surface of Bodies,
has condu&ted me to feveral others depending
on the fame Principle. For Inftance, I have
alfo enlarged fmall Objects, fuch as a Pin’s
Head, by looking at them thro’ a very little
Hole, made in a Pafteboard, in fuch a manner,
that the Image might fufficiently approach to
the Circumference of the Hole to be ftopped by Objeéts
it and enlarged. 1 have moreover remarked,:f“g‘d
on looking at fome fingular Objets, fuch as atra@ed by
live Coal amidft Cinders, or a Piece of frefh ;:Efrz}‘*
Charcoal, juft thrown into the Fire, . tllatthgﬁl;;rfa.m
if one draws one’s Finger, very near the optic©f Bodics.

Caone
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Cone that: conveys its Image to the Eye, this
Object appears to dilate itfelf towards the Finger,
and, as it were, to precede it; and that when
the Finger withdraws from it, it feems ftill to
lengthen itfelf, in order to follow it to a certain
Point. It is for the fame Reafon, that the
Clouds which pafs before the Sun, impart dif-
ferent Motions to the Shadows of Bodies, and
that - when thefe Clouds are interrupted. here and
there, thofe Shadows feem as it were to dance.
This Effet is principally perceptible in the Sha-
dows formed by the Lead of Glafs-windows.
It is alfo to this kind of Refraction of Rays, by
the Fluid which furrounds Bodies, that I partly

Colours of afcribe the Colours of a Rainbow, produced bya

the Rain-
bow pr
dm‘:ad by
a Pin.

o very thin Pin placed near my Eye, and on which

I have caufed to fall obliquely the Light of a
Wax-Candle.

It is now Time to conclude this Effay on the,
Senfes ; and, perhaps it may be objected L
ought to have done {o fooner, having by a great.
deal furpaffed the Bounds I prefcribed to myfelf.
But how can one refift the Torrent of curious
Matters, that prefent themfelves under thefe
Articles! And yet how many have I let pafs
with Regret, circumfcribed by thefe fame too
narrow Limits ? The Nature and Mechanifm of
the Senfes conftitute a Matter the moft intereft-
ing of all Phyfics,. Thefe are our means of:
Correfpondence with the reft of the Univerfe..

It
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It is the Reafon, why this Part of Phyfiology i s 'The
fo linked with all the Parts of natural Philofophy, SEERT

that it is almoft 'impoffible to treat ‘of the Senfes,

without touching at the fame Time; {lig htly at

leaft, on the other Branches of Phyfics.

[ have above remarked, ‘that this Commerce The Sen-

between the Univerle and us, is ever carried on

{es are the
Means of

h}' a Matter which affects fome Organ ; and our corre-

that from the Touch to the Sight this Matter is

fponding
with the

more {ubtile, more and more dlff'uﬁ:d at*2 ' D Umwrfm

itance from us, and oh that account more and
more capable of extending the Bounds of our
Commerce. Bodies, Liquids, Vapours, Air,
Light. This is the Gradation of thefe Corre-
{pondences, and the Senfes by which they are
carried on are our Interpreters, and our Intelli-
gencers, « It is obfervable, that the greater the
Diftance is from whence our News arrives, the
more fubject it is to Uncertainty ; which is
verified in moft of our Relations of long
Voyages. The Touch, the moft limited of the
Senfes, 1s at the fame time the {ureft of them
all. The Tafte and the Smell have likewife a
fufficient Certainty : but the Hearing is in many
Inftances too aptto deceive us,  As to the Sight,
Vifion is fubjected to fuch a Number of Errors,
that the Induftry of fome particular Perfons, fkilled
in drawing Advantages from every Circumftance,
‘have invented Projeéts and formed them into an
Art, on purpofe to impofe on the Eyes: an

Art

i
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SThe Art fo admirable, and carried fo far by Pain-
* PR ,t:ers,_ and even by thofe of the moft remote An-
tiquity, that we are thereby deprived of a Poffi-
bility of having Senfes that could lefs deceive
us,
Evey  Our Senfes are fubjected to a thoufand Mif-
Eﬂﬂ‘jgfhﬁ takes ; and yet we know nothing, but what
ral, un- they apprize us of, or what they give us
:ﬁefﬁe Grounds to conjefture, by comparing thofe
Senfes for Hints with what they demonftrate to us, For
Ewuides Inftance, Light, the particular Fluid that ren-
" ders Bodies vifible, puts us on imagining there
is another Fluid that gives them Gravity,
another that makes them eletrical, or deter-
mines the Needle to turn to the North, &,
And we endeavour to guefs at the Figure and
Motion of thefe imaginary Matters; Let us
attend to the Train of Conjectures, and we can
be under no manner of Doubt, but that all
our Knowledge is at beft derived from what the

Senfes point out to us.

OurTgno-  Judge from hence of the ftrait Bounds, and
z:g;‘: Fo-of the LiittIe (;Ei‘ta'lnl:}r Fhere 18 1n our fﬂkcquaint-
the fmall ance with Things, which confifts in feeing a Part
E‘é’“ﬁi of them, by the Help of deceitful Organs, and
certainty 10 divining the reft. I_-I ow comes Nature, you
of the Sen-will fay, to be fo good and fo Jiberal ? Has fhe
* not furnithed us with Senfes for all thefe Phee-
nomena, which we are conftrained to guefs at;

for
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for Inftance, for this Fluid of Gravity ; for that SThE
which moves the Needle ; for what gives Life;_l_t::‘
to Plants, to Animals, &f¢? A Method more
concife of rendering us intelligent, in refpect of
thefe natural Effeéts, which otherwife become
Myfteries. For, in fhort, the five Species of
Senfation, which are Embaffadors, as it were in
our Regard, from the States of the material
World, can only fupply us with a flight Idea of
them. Let us imagine to ourfelves a Sovereign
of the Univerfe, who had no other Notion of
all the People {pread over the Face of the
Earth, than what he had received from a
Frenchman, a Perfian, an Egyptian, and a
Creolian, and all four deaf and dumb, For
of this Kind are more or lefs all the Species
of Matter., It is true, modern Philofophy has
difcovered Prodigies of Invention to interrogate
thefe Embaffadors. But fuppofe they will one
Day reveal themfelves ta us, there is ftill no Ap-
pearance that they will ever unfold what all the
other Nations of Matter are, that are foreign te
them.

It 1s a Point worthy our Confideration, that
Senfes more multiplied than ours, might poflibly
have embarrafied us, or that the greedy Curiofity
they had infpired us with, might have been the
Source of more Inquietude than Pleafure. Ts
mot the good Ufe of thofe we have, fufficient

1o
























