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The Anfwer

Of Monfieur Mariotte to M onfienr Pecquet,about the
Opinion , that the Chorocides is the Principal
Organ of Sight 5 communicated to the Publifber
from Paris, and Englifbed as follows.

SIR,
be *
Hﬁy; n;] ‘ygur Anfwer * feen the reafons, = py o,
which hinder you from believing that the of thefe 17,
Charotides is the Principal Organ of Sightsbut £5e% 699, 670,
though they were very Acute, and carrieda greac

deal of Probability with ‘them, yet did not find them ftrong
H enough
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enough to oblige me, to grant back again this Preeminence to
the Retina.

You (ay, inyour firft Obje&ion, that if the Sclerotis and the
Choroeides be taken away from an Eye that is very frefh, and
that the Retina be left diftended on the Vitreous Hnmor, one
fhall not be able to fee well through this membrane: whence
you conclude, that it is not tranfparent enough, to let fo
much light, as is fufficient for vifion pafs upon the Chs-
roeides.,

In my opinion, there is good reafon to doubt of this confe-
quence, fecing there may be a great deal of difference between
the Retina of adead Animal, after it hath been expofed to the
Ayre, and thatof a living Animal, while it is exaély fhut up
between the Vitreous humour and the Choroeides, Difterent dif-
pofitions do ordinarily change the qualities of things 5  Fat,
which is tran{parent when it is melted, grows opacous after it is
cold again;, and the Tunica cornea of an Eye being held fome
hoursin ones hand, inahot Ayre grows thick,and a little after
entirely opacous, But to the end you may be perfwaded, that
the Chorstides is fufficiently enlightned in a living Animal, you
muft take the Eye of an Ox (newly kill'd) whileic is hor, and
cut it in two, in {uch manner thata good part of the vitreous hu-
mour may remain extended uponthe Retina; then you fhall fee
diftin&ly the colours of the Chorocides, the bafis of the Optick
nerve,the trunck of the little veflels which proceed from thence,
and their difperfion through the thicknefs of the Retina, with
fo much perfpicuity that you cannot even difcern, whether
there be a Retina beyond the Vitreous humour or no, Hence
you may judge, thac the light, which the Objects fend to the
Cheraeides, is more than {ufficient for vifion, feing that being
much weakned by the reflexion and by a fecond pafiage through
the Retina and the Virreous humour, 1t is yer ftrong enough to
form a clear and diftin¢t vifion of the Choroeides in our Eyes,

Not that I deny the Retina to have fome whitenefs in a living
Animal, and theticis a lictle lefs tranfparent than the other
Humours, chiefly in that part which is contiguous to the Cho-
roeides 3 and Nature may have made it fo on purpofe to tem-
per. the brightaefs of great lights, and to hinder dazeling ; in.
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like manner as fhe hath fpread over our skin an infenfible Ep;-
dermis, to keep it from being too eafily burt by thole bodies
that touch us, and by the Excefs of heat and cold, Bue if I
fhould abfolutely deny, that the Retina hath any opacity in a li-
ving Animal, your Experiment would not convince me, it be-
ing made but upon a Retina, whole more fub:le and tranfpa-
rent parts are evaporated 5 and I'mighe propofe to you for an
example a piece of white paper, through which, when it is
wet, one fees diftinCtly enough whatever is contiguous to it ;
and which prefently refumes its firft opacity, whenit is a little
while expoied to the Air: Andif this Example were not fuffici~
ent, Imight alledge t*e little Chryftalline, which is found in
the middle of the Chryftalline humour of many Animals, and is
as it were the kernel of it; the which, being as tranfparent as
the other humours of the Eye ina living Animal,becomes in two
or three dayes after his death white and opacous , notwith-
ftanding chat it be left inclofed in the Eye, and that the Exte-
riour Chryftalline remain ftill cran(parent,

Your fecond Experiment to prove the opacity of the Retina,
which isto put it into water, isalfo extremely deceitful: For,
you make no doubt but the Hyaloeides, which invelopes the Vi-
treous humour, is perfectly tranfparent: neverchelefs if you Jay
in adifh half full of water, part of the Vitreous humour, the parts
of the Hyaloeides, which ftick to it , will appear whitifh and
thick like afpiders web, although the Vitreous humour do ftill
retainits tranfparency. Itis not thena fufficient proof to know,
whether the Retina be opaque in a living Animal, by putting it
into the water : And by what tryal foever you make of it, after it
has been expofed to the Ayre, you can draw no confequence to
prove that it is opaquein its Natural ftate: For the Chyyftalline
it {elf becomes alittle thickifh in water, and if it be left there
fome time, or expofed tothe froft, it becomes white and opaque
like {now,

It is therefore neceffary for refolving our difference , and for
knowing with cercainty, whether the light of obje@s pafs al-
m. {t all entire to the Choroeides, or whether it is almoft all inter-
cepted i y the Retina, to bring obfervations made on the Retina

H: and
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and the Choroeides, while they are in their natural ftate, as I fhall
doin thefollowing Experiment,

Place by night alighted Candle very near your Eies,andcaufe
a dog’, diftant from the candle 8 or 1o paces, to look upon.
you, then youfhall feein his eyes, alight (ufficiently bright,
which I hold to proceed from the refiexion of the light of the
Candle, whofe image is painted on the Choreeides of the dog,
which having much whitenefs and lufter caufes this very ftrong
reflexion; for if it proceeded from the Chryftalline or Retina,
the {ame appearance would be {een in the Eyes of Mzn, Birds,
and other animals, who have the Ghgroeides black, which is
not found fo by us, Itis therefore manifeft by this Experiment,
that the luminous rayes do pafs with a great deal of force asfar
as the Choroeides, and that the Retinareceives very lictle im-
preffion, Now this appearance is made in this manner: The
lictle picture of the candle which is upon the Choroeides of the
dog, (wliere is the Focus of the Chryftalline and other humours
together) fending rayes back through thefe humours, makes its
reciprocal Focus towards the candle,and by confequence the eyes
whicharenear to the point, where theferayes doreunite ,oughe
to fee the Chryftalline of the dog very much illurginated, They
that are skilled in Opticks know the demonftration: and there
is an effect, wholy like unto this, to be feen by a very eafy Ex-
periment,

Place around Glafs-bottle, full of very clear water, 8, or 10:
paces from a Candle, and put behind the bottle, at near the di-
ftance of itsSemidiameter, awhite paper, in.{uch manner thae
one may feethe light of the Candle, which hath' paffed thorow
the bottle, reunitedin a little fpace upon the Papery then they,
who have their eyes near the Candle, fhall fee the bottle full of
highe, which will difappear, if you hold the paper either nearer
%0, or farther from the bottle, And if one hold a fmall lighted
wax-candle in the place of the Paper, and you hold your
eyein the place of the former candle, youfhall fee the bottle
yet more enlightned then it was before: And one may eafily
jadge, thar thelighcwhichappeareth in the dogs eye, proceed-
ezh from alike caufe, The fame experiment may be made lim
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the eyes of feveral other Animals, and particularly of Cats; in
whofeeyes this light appears blewifh, which thews, that it pro-
cecdeth from their Choroeides which hath much of this Colours
but this Colour, norany other which may be in the Choroeides,
brings no confufion to the Senfe of Seeing, for the Senfes re-
ceive no impreffion from their own Organs,

Thereft of ¢his firft Obje&ion hath almuft no other foundati-
on, butaninterpretationyou give to fome words of my writing
cifferent from my fenfe; for, when I{aid, that dark and opaque
bodies receive a great deal of impreffion from the light; T did
mean dark and opaque bodies both together; for ithad been {uf-
ficient for me toname dark bodies, fince all dark bodies are o-
paque; but my thought on this fubject was, and fhll is, thac
tranfparent bodies, as the Ayre, the Water, and the Retinain a
living Animal, receive little impreffion from light, and that
Opaque bodies receive a great deal, buc that dark bodies re-
ceive more then all other Opaque bodies; and the Air and the
Water a little lefs than the Retina.

Nordo I believe, that darknefs is abfolutely n ceflary for Vi-
fion, butonly for a ftrong vifions nor that the picture of ob-
jects oughr to be exprefled on the Organ of Vifiong for, it fuf-
ficeth,that the rayes of each point of the Objetts be reunited in
adiftintand feparated point, according as they anfwer one an-
other 5 and youwill eafily agree, thatas a Convex glafs makes
theimage of the Sun to appear on white paper with a great deal
of brightnefs and light, and onblack paper very obfcurely 5 al-
though black paper (which foon takes fire) receives a great
deal moreimpreffion than white: So the rayes of il laminated ob-
jects do'reunice on a whitith Choroeides and exprefs there avifible
piture, andona dark Choroeides,a very obfcure one, and which
cannot be feen; but then the impreflion is alfo much ftronger
intheblack thaninthe white: And thisis the caufe, why Men
and Birds fee better and more diftinétly then the greateft part of
other Animals s for their Choroeides being black, .nd by confe-
quence very fenfible oflight,. they coatra& much their pupil-
la or fight-hole of the Eye, which makes the Rayes, that

pafs therefrom each point of the Objed, to be all very near the
H 3 Axiss
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Axis of the Chryftallin, and to reunite more exaétly in 2 poin,
then in the Eyes of moft other Animals, which have their Co-
roeides white towards the Axs of Sight, and by confequence
lefs fenfible of light, who in recompence can very much dilate
the Pupilla of their Eyes, when they {tand in need of a great
light 5 but allo cheir Sight is not fo diftinét, becaufe the
Rayes, which fallon the Extremity of the Chryftalline,do inter-
fect the Axis too near in theirrefraction,

It is true, that to fupplyinfome fort this defe@, they havea
little Chryftalline in the middle of the greac one, and chis liccle
Chryftalline being of a morefpifsconfiftence then the great one,
its refraction is alfo more ftrong, and makes the rayes, which
come from one point in the 4x# and pafs near . he Center of the
Chr ftalline to refract more then it there had been but one
Chryft:lline, And by this me:ns the greateft part of the
Rayes, which falluponthe Extremity of the grear Chryftalline,
do interfect the Axs 5 which caufes their {izht to be lels con-
fufed, although it be never fo diftin& as that of Men and Birds,
which have but one Chryftalline, Fifbes have alfo a double
Chryftalline, for otherwife thei fight would be more contfufed
than that of other Animals wholvein the Air, for their Chry-
ftalline being fpherical, the rayes cut the Ax4 more unequal-
ly thanifir were lenticular and its convexities were of a grea-
ter {fphere ; and it ought neceffarily to be {pherical, becaufe
therefraétion of the Rayes, which pafsfrom the water into the
Chryftalline, is very fmall, and would make its for#s too far
diftant if the Chryft.lline were lent'cular,

Thedifficulty of your Second obje@ion proceeds alfo from an
Ambiguity of words, and confi”s in knowing, what we are to
fay it is,that has a great continuity and communicition with the
Brain, My Hyporhefis is, that the Nerves are all coated with
the Pia Mater (which envelops all the Spinal Marrow) and
have with it the {fame continuity of fibers; fo that if thefe
nerves be never {o litc e moved, theimpreffion is cairied to the
Brain by the Continuity of thefe fibers ;5 and whether it be,
that the texture is diflerent in Nerves of different {enfess or
that they contain {ome {p ricuous liquors which determine their
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fenfations, by fome differences they have among themfelvess
itis certain, that the Nerves of Sight, in what manner foever
they are moved, reprefent Colours and Lights; chofe of Hear-
ing, Sounds, and thofe of the Touch, Paines, &c.

Now the Choroeides is an Expanfion and dilatation of the Pis
Mater, which enveloppes internally the Optique Neive, and
which comes from the tuberofity of the Spinal Marrow, by a
continuity of fibe s5 whence it follows, that how little foever
the Choroeides be toucht, the impreflionmay beeafily commu-
nicated to the brain: And tothe end, that the fame thing may
be faid of the Retina, there muft be a litele channel in the Optic
nerve, through which the Retina in its proper Subftance ex-
tends it (elf to this tuberofity by a continuity of Fibers; which
is not feen, and you are conftrained to fay, that there are little
filaments of nerves which come from the interiour of the Op-
tick, and expand themf{elves through the Retina, which have
this continuity ; but if there were the'e filaments, they fhould
fpread themfelves through the Retina,as from a Center toa Cir-
cumference, and fhould lye clofer together near the Optick
nerve, thana good way farther in the Retina: which neverthe-
lefs we do not obferve to be fo,

Befides, if you thrufta pin through the thicknefs of the Reti-
na,you will often meet with filaments; butif youlook on them
through a Convex glafs, youwill difcover, that they end in lit-
tle veflels of Veins and Atrteries, which are in the Retina; and
mfallibly, if there were any nerves, youmight find them in the
famemanner, and they would ftop the Pin, fince they are as
hard and firm as the little Arteries; and when you fay, that one
may diftinguifh thefe filaments in the water, becaufe the reft of
the Retina difappears, 'that is repugnant to experience, and
to what you have faid before, v:z. that the Retina may be feen
all white in the water, and without tran{parency 5 and you oughe
to fhew thefe filaments, or el{e we fhall take them for a thing
invented at pleafure,

Y ou bring after that two Experiments 5 the fir# of whichis,
thatif anaperture be made on theupper part of the Eye, we
may difcover the Pidture of the Objeéts on the anterior {urface
of the Retinas; butif thisaperture be made in the white of the

Eye,
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Fye; the aqueous humour will run to the Tusmica Cornea, and
make wrinkles,which will hinder the PiGure from being diftinét :
Befides, he that looks in at this aperture, will hinder the Rayes
of the Objelt from paffing into the Eye, and he (hallfee nothing
there but hisownimage, Butif you mean, that the Tanica Cor-
nea thould be wholly taken off, there will not then be diftance
enough between the Chryffallin and the Retina, to make the Pi-
Gurediftin€t.  In concluiion, I do not believe this Experiment
can be made, much iefs that itis t@ be difcerned whether this Pi-
¢ture be formed on the anteriour or poteriour {urface of the Rer;-
#na,fince the thicknefs of itis lefs than half aline, or the 2425
part of an inch; and there is reafon to believe, that you have
trufted to the report of fome other concerning this Experiment 3
or that you have believed theimages which appear in the Eyesto
be painted on the Retina,whereas they proceed from the reflexi-
on made on the exteriour of the Cornea,

Your fecond Experiment is true and eafie to be made , but ac-
cording to you it were impoffible 5 for, fince you hold, that it is
onthe anteriour part of the Retina,that the Pi¢ture is {een, and
that you have elfewhere {sid, that one’ cannot well fee through
this Membrane, it follows, that you cannot fee this P:&ure
through the thicknefs of the Retina 5 but becaufe I believe,
there remains tran(parency enough in that part of the Retina
which is not expos’'d to the Air, Idoubt not but the Pi¢ture may
be feen on the pofteriour part of it, afterit is become fufficiently
opake,though ina living Animal this Picture paflech as far as the
Choroeides, as it hath been already proved : andif the Retina it
{elf were taken away, and there remained only the vitreous hu-
mour, you might notwithftanding fee the inverted Piure of the
W indows toward the bottom of the Eye, if you held it at the
farcher fide of theroom 5 inthe {fame manner as the Pi&ure is to
be feen inthe Fossus of the {pherical Glafs-bottle fill'd’ with wa-
ter,though it feem to be on the exteriour {urface of the Glafs,
and by confequence this Experiment proves not the opacity of
the Retina,

In your third Objetion you quote, what I faid, a little other-
wife thin I fpoke it 5 for I'put in my Writing, that the Retina

was abows half a line in thicknefs,and not half a line pre:i{:{y l;
whic
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which thew'd, 1 had not meafur'd it exa&tlys butif it were bue a
quarterof alineorlefs, it (ufficech that it had enough for the ef-
fe&t I did attribute to it: ‘And for another, I did alfo mention in
my Writing, which is, that the Rayes of the fame Juminous
point,which de not unite precifely in the fame points inthe 4x7s,
are retified by the concavity of the Retina, thofe that are far-
theft off the Ax# more than thofe whichare the neareft, which
is the reafon they unite better in the fame point on the Cho-oei-
des 5 the which point 1hold (withyou ) to b= Phyfical, fince
the points objective are {0 too ; but I hold it to be lefler than any
that can be perceptible to the fight 5 for we diftinguifh che dit-
ferenc parts of very fmall objeds, as the extremities of the
breadch of the little arteries of the Retina, which make not an
eigth part of its thicknefs; and that which reprefents this
{fmall breadth, muft be 25 or 30 times lefs in the Organ of our
fight, thac is to fay, in the proportion of the diftance of the
Obje&, to the Centre of the fight, and of the diftance of this
Centre, to the Organ of vifion'; and by confequence the thick-
nefs of the Retina is not proper for this (mallnefs,

You fee,then Sir,that hitherto your obje&icns have beenable
bue verylightly to thake my opinion, and that the tranfparency
of the Retina is wellenough eftablifhed: Let us come now to the
proof;I make of the Waut of Vifion, on the Bafis of the Optick
Nerve.

It muft firft of all be agreed, that in this Experiment, almoft
allmen do loofe fight of an intire circle of white paper, whofe
diameter is about the 9th or 1024 part of its diftance from the
Eye, Now the vifual Triangle, whofe Bafis is the Diameter
of the Circle, and whofe top is the Center of vifion, is propor=
tioned to the Triangle, whofe Bafis is the Diameter of the pi-
Gure of the Circle on thebottom of the eye, and the top, the
fame center of fig’ ¢y the which center being diftant. 6 or 7 lines
from the bafis of the opticknerve, whofe breadth is about % of
2 line, this bufis allo will be about the 95 or xorh partof its
diftance from the Cériter of fight, and by the Principles of Op-
ticks, the Im :ge of the ciicle of the white paper, falling on the
bafls of the optick nerve, will cover it -precifely; and becaufe
the Paper then wholly difappears, it follows, that all the baﬁz
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of the Optick nerve is infenfible of lighe; whence I conclude,
that the Choroeides is the Principal Organ of fight 5 and that the
Retina is not, feeing it is placed inthat pare, and is there appa-
rently difpofed in lilie manner as to thereft of the bottom of
“the Eye,

To elude the force of this Argument, you alledge other cau-
fes of this fault of fight; the two firft are almoft like one an-
other, But it feems tome, that you fuppofe them without any
ground: for, as Ifaid before,there areno {uch filaments of nerves
to be feen coming out of the bafis of the optick netve; befides,
they. are not proper for vifion, fince they would leave in the
parts of the Retina too great intervals empty 5 and its neceffary,
that every point of the Object find a fenfible point in the Organ
of fight to unite his rayes theres which is found in the Choroesdes,
which is an Expanfion ‘of the fenfible part of the nerve into a
continued membrane, Befides, the caufes of the defe& of vifion
cannot be found in thefe Hypothefes 5 for in the firlt, what rea-
fon can be given, that there fhould be no extremities ofnerves
oppofite to the optick nerve. fince there would need only a fim-
ple dire¢t continuation of fome of its fibers unto the Anteriour
partof the Retinas andfor thefecond (which is the particular
opinion) I fee not, how the void{pace in the middle of the in-
verted Tuft, can comprehend all that extent of the bafis whence
itproceeds, and why the filaments begin not to receive the im-
preffion of the luminous Rayes, but upon the Extremity of this
bafis, fincetherayes ofaluminous point,which unite themfelves
ina point ac thebottom of the Eye, come fromdivers points of
the Chryftalline, and fo, if onepart of thefe rayes were oblique,
theother fhould be perpendicular, and if all the Rayes fhould
fall perpendicular on the Organ of fight, there would be no vifi-
on, fince there is never but one fingle Ray of thofe which unite in
apoint, that falls perpendicular, But1{hallnot inlarge my felf
o demonftrate thefe impoffibilities, fince | am perfwaded, that
thefe inverted tufts, and thefe filaments of which they are com-
pofed, are bur things without a foundation,and which you would
have much a doe to thew us,

The other Caufe whichyou bring, is the trunk of the veflels
which proceed from: the Dbafis of the nerve, Yet you cannog
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deny but they are very {mall, and chat itis very hard to difcern
the little holes through which they pafs,when the nerve is cue
off above its infertion into the Eye; and becaufe they often
come out of the bafis by two feveral little hoies, the diameter
of each of which does not take up the {pace of above the eighth
part of the diameter of the bafis 5 it follows, that if the reft of
the nerve were fenfible of light, we thould not loofe fight of a pa-
per of two inches diameter at moft, at ten foot diftance: and
fometimes in fixing one eye on alittle piece of Paper, two other,
very little ones, feparated one from the other, would d:fappear;
which is contrary to experience: for the default of vifion is con-
tinued, Seing than the reafons which you alledg of this default
of fight are eicher infufficient, or want an affured foundation, it
follows, thatthat whichI propofe muft ftand, at leatt,in refpedt
of any thing you urge againftit, And to confirmeityet more, I
will adde here fome reafons and obfervations,which are neither in
my letter norin my writing,

The -firft obfervation which is very common, is that of the
Pupilla difaces it felfin the fhade, and contraétsit felfina great
light, and it is very hard to find the caufe of this unvoluntary
motion, but by the Hypothefs, that the Choroeides is {enfible
of light, for thenitis ealy to conceive thatitbeing hurt by too
ftrong a vifion, it may dilate or contra&t its fibers, which have
one continuity with thofe of the forepatt of the sves, fothatit
cancontraét its aperture, and when it is not hure, relax it again :
whereas if the Retina be fuppofed to be the Organ of fight, it
will be very difficule to explain how this contraction is made.

The fecond is that of the glafs bottle full of water, when a
lighted candle is placed near its focus: for it is eafy to prove
that if one hold his hand between the Candle and the bottle, he
will feel more heat than if he held it in the reciprocal Focus s
thar is to fay, the place where the Rayes,which have paffed
thorough the bottle, make a great image of the flame of the
Candle appear inverted upon a white {urface oppofed o it: for
Idrawthis confequence, that the Image of a Candle, which s
painted on the!Choroeides of a dog,as T have prov'd to you,makes
a much greater impreffion on the Ret'na of the dog, than on
that of him that lookes on it and (ees it very bright ; whence 1
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conclude that if the Retina were the Organ of fight , this dog
would not fee the oujects indifferently inlightned, which are
about the candle, slthough at 3 or 4 foot diftance, becaufe they
would receive a great eal moie impieffion from this reflexion,
and that a great {enfation doth obliterate alefler 5 which is con-
trary to experience,and it is nat at ajl likely,there fhould be fuch
a defec in the fight of Animals,

The thirdis,that the Eyes of Birds are o framed,that the Op-
tique nerve after its infertion into the Eyeis inflected, and ex-
tends it felf on the Concavity of the Sclerotss about the breadth
of 2 or 3 lines more or lefs according to the bignefs of the Eyes;
and the lengrhot this inflection is covered by the Choroeides, lea-
ving but one little white ftreak in the middle, from whence the
Retina takesits Original, which extends it feif on che Choroeides
through all the bottom of the Eye, but it is covered on the fide
of this white ftreak with alictle black membrane as long as the
inflexion of the nerve,and almoft as broad s which proceeds from
the pia mater, and is as it were an appendix of the Choroeides :
and 1f you confider the fituation of this membrane, y«u will find
it is near the Axisof fight, and that the rayes of the Objeéis,
which the Birdslook on with both Eyes, fall precifely upon it
after their refralion, Since then in the place,, where Vifion
ought to be ftrongeft, the Retinais covered, and that no man
cdoubts but Birds a:e more clear-fighted than other Apimals ; you
ought to acknowledge, that the Retinais not the principal Or-
gan of Vifion, but that that preeminence belongs to the Chs-
recides,

AN ACCOMPT
Given by Doctor Edward Brown, concerning the Copper-mine
at Herrn-ground 4» Hungary,

Eren-ground is alittle town.feated very high between two

¥ Hills, upon apart of land of thefamename, an Hungari-

an mile diftant from New[o/, In this town js the entrance into
a large Copper-mine, very much digged, \

Iwentin througha Caniculus, called Tuach-foln, and conti-

nued divers hours in the Mine, and vifited many of the moft re-

markable



