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INTRODUCTORY PREFACE.

IT is probable that the human mind has
never been fubject to any illufion more ge-
neral or more forcible, than that of conceiving
the objectsof fight to be external and remote,
and to be perfectly diftinct from the images
which are known to be projected on the re~
tine. Even perfons of {cience, the lateft and
moft efteemed writers on optics, in the ac-
counts they give of the nature of vifion, re-
‘prefent the projections on the retina as a fet
of images extremely minute and inverted with
refpect to the objects which are feen, and as
only conftituting a ftep in the procefs of vi-
fion, or as the mean by which the external
object is rendered vifible. The important
difcnvéry of the fagacious KEPLER, re-
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{pecting the {eat of vifion, left in full force a
general perfuafion that the objets of fight
were diftinét from the projeGions which he
{o fortunately brought to notice ; nor has the
progrefs which of late years has been made
in the general {cience of optics yet fubdued
this powerful and univerfal prejudice.

It may perhaps be faid, that in the {yftem
of the human mind which generally prevails
at this day, the immediate objects of per-
ception are held to be ideas, and not the ex-
ternal material things themfelves. But this
philofophical notion of ideas does not refpect
vifible objects alone ; it extends equally to
thofe of every other fenfitive faculty; and
in this philofophy the idea is fuppofed to
have fome external object for its archetype,
with which it correfponds. And it clearly
appears from their writings, that philofo-
phers of this clafs conceive, that befides the
various vifible objects with which they are
furrounded, there exifts a diftinét fet of

minute
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minute images proje¢ted on the retina:

Images of the things which they fee.

A pocTrINE the reverfe of this is af-
ferted in the following ¢ OpservaTions;”
where it is maintained, that the proje@ions
on the retina are the immediate and fole ob-
jects of fight ; that the vifible buildings,
ﬁelds, trees, and animals, which appear
around us, are not a fet of objeéts feen by
means of the projections, but that they are
the projections themfelves. - And in fupport
of this pcﬁtion“the Writer does not pretend
to bring forward any one fingle fac or phe-
nomenon that has in it the fmalleft degree
of novelty ; the proof of the affertion de-
pending entirely on the circumftances which
accompany even the moft fimple and ordi-

nary phenﬂmena of vifion.

O~ the mifconception now noticed, is

founded a queftion in vifion, which has
A 3 much
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much engaged the attention of optical wri-
ters ; namely, ¢ Why do objects appear -
*“ ere¢t when the images by which they are
‘ feen are inverted 2 a queftion obvioully
implying that the thing feen is diftinct from
the image. And it is well worthy of re-
mark, that another queftion, which has been,
at leaft, equally agitated, namely, ¢ Why do
‘‘ objets appear fingle when feen by both
““ eyes ?” is inconfiftent with the former :
there is in either of them an implication
which does away the other. Thus: if, as
the firft implies, the external object is the
thing feen, the fecond queftion drops; for,
this being admitted, if any one fhould afk
why objelts are feen fingle with two eyes,
the true anfwer would be fimiply this, becau/e
iy ARE fingle ; for the number of images
by means of which an obje¢t may be {feen,
cannot affect the unity of that object when
{een.

Ox



[ s’ ]

On the other hand, if, to give fubftance
to the Iatter'queﬂiﬂn, we admit the images'-
to be the things feen, ‘the firft queftion
vanithes, fince it implies two fets of obje(ts,
of which the external is that feen: but if
the image is the vifible object, there is no

longer any inveriion, for the queftion allows

this to be erect.

. A rrorosep new folution of the queftion
refpeting fingle vifion, publifhed fome time
fince by Dr. Wells, in a little work entitled
¢« AN Essay vroN SiNGLE VisION WITH
“ rwo EvEs,” having lately fallen into the
Writer’s hands, the perufal of it occafioned
the following ‘¢ OBservaTions.” The
folution therein propofed to the Public did
not appear to the Writer to be adequate ;
for, even admitting the facts refpe&ing vifi-
ble direction to be as ftated by Dr. Wells, it
would not thence neceffarily follow, that
objects appear fingle iz confequence of f{uch
a law of vifible direction.

A 4 Tus
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Tue projections of the optic axes on the
retine are {ingle points, and the appatent
union of thefe points, which is a well~
known fa&t in vifion, may be the confe-
quence .of fome original property of the
eyes, or of fome primafy law of the human
conflitution ; and, as fuch, the origidal fact
from whence the feeming wmited direfiion
from the eye may be derived: and there
would fiill arife this queftion: ¢ Which
‘“ is prior in the nature of things? the
feeming unity of the direélion, or the appa-

rent unicn of the points?” or, ¢ Which

& &

L

* of the two circumftances is original, which

¢« 15 derived

‘Bur, independent of this confideration,
certain facts may, as the Writer thinks, be
produced in diteét oppofition to the propo-
fitions re{pecting vifible direction laid down
by Dr. Wells. Thefe facts will be ftated in
the courfe of the following “ OBsERVA-
TIONS."

THE
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- Tuae folution of Dr. Wells, however,
is ingenioufly imagined and will probably
meet the acquiefcence of many: and in pro-
portion to this affent, will be the degree of’
its tendency to put a ftop to the farther invef-
~ tigation of the fubject. On this account’
the Writer conceived, that to. point out its
defects might be of fome fervice to the gene-
ral caufe of {cience, and tend to promote
tuture refearch refpecting a fact, which is
not yet accounted for on juft and adequate
principles.

- But when the Writer came to ftate his
objections to the propofed folution, he per-
ceived, that, in order to comprehend their
force, it was requifite to entertain juft notions
of the true nature of vifion in general, and
in particular with refpect to what has been
noticed in the foregoing part of this Preface,
This induced him to make fome general pre-
vious obfervations on the fubjet; and a
defire to be underftood by thofe who may

not
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‘not have been in the habit of confidering the
fubject philofophically, has lain him under
the neceflity of repeating many things that
have been faid by other writers, and are
well known to fuch as have made optics
their ftudy ; and which therefore may, per-
haps, to fuch, render the firt Se&ions of
the following ¢ OpsErvaTIiOoNs” tedious |
and uninterefting. However, he trufts, that
even in this part fome few obfervations may
be found interfperfed, which are either in
fome degree new in themfelves, or in the
mode of theirapplication. What is objected
to the theory of Dr. Wells will be found
in the Fourth and following Sections.

ArTeR all, the Writer is very ready to
confefs, that the frequent occafions he has
found in the courfe of his life to corret
opinions, which he had fuppofed to be
founded on the firmeft principles, have in-
duced a general diffidence, and rendered him
but little tenacious of any doctrine whatever:

1 ~ And
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are concerned in the formation of thofe
notions or perceptions which they are ac-
cuftomed to cnnﬁdtr as_the ﬁmple operation
of one fenfitive facult}r "The perception of
vifitle extenfion, with its various modifica-
tions, of figure, pdﬁtibn, and motion, ne=-
ceflarily refults from the fenfation of colour a
but this fenfation- being merely an affection
of the mind, or an effe® produced upon it
through tht‘:,medmm Gf the nptm nerves, it
follows, that we have no actual Perceptmn
“of extérnal ob}e&s by ﬁght the notion of
'externallt}' and rematenﬂfs, which we fo con-
ftantly and umiorml}f anniex fo the ﬂb_]e&s
“we fee, beiﬁg‘ foiinded on the habit ‘of affo-
“ciating the perceptions* of fight with ‘thofe
of touch, and is feated partly in the judg-

ment and partly in the imagination.

On this account the beft optical writers
have found it neceffary to enter in fome de-
~gree upon the philofophy of the human in-
tellect, in order to explain the dependence

which
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which the ideas acquired by fight have on
the other powers of the mind. But it is
probable,- that an unwillingnefs to mingle
metaphyfical {peculation with demonftrative
{cience may have prevented them from pro-
ceeding fo far into this branch of knowledge
as their fubje& really required ; and hence
I have had occafion to obferve, even in fome
of the moft efteemed writers on optics, fuch
a loofenefls or inaccuracy of expreffion in
explaining certain phznomena of vifion, as
muit naturally tend to a want of precifion in
thought. 3

It is accuracy of diftin¢tion which confti-
tutes the chief difference between the philo-
{fopher and the reft of mankind ; and if we
would reafon juftly cor;cérning the various
ph@nomena of vifion, and expect to arrive
at juft {folutions, we fhould never overlook
the important diftinétion between the fimple -
and original perceptions of fight, and thofe

ad{cititious notions, which, notwithftanding
B "2 their
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their uniformity throughout the fpécies,
are flill the confequence of experience, and
are properly to be referred to the judgment
and imagination.

But the perception of fenfible objets
commencing at the earlieft period of human
exiftence, and the fimple original percep-
tions b.eing- moft intimately affociated and
confounded with thofe acquired notions
whofe origin is beyond the utmeft ftretch
of memory, their {eparation in the mind
which contemplates them becomes a matter
of much difficulty. This diftin&tion, to-
tally difregarded by the generality of man-
kind, is fometimes overlooked even by the
profeft optical writer.

A rEw examples may ferve to illuftrate

my meaning, and to relieve the reader.

TuE feeming increafe of apparent mag-
nitude in the celeftial bodies, for inftance,
3 . the
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the moon when on or near the horizon, is
a phanomenon which has been noticed by
all optical writers. To the folution which
has been given of this phaenomenon by Dr.
Smith I have nothing to add, nor any thing
to object. But it is worthy of remark, that
the habit of judging refpecting the diftance
and magnitude of terreftrial objects extends
to the celeftial bodies, where the circum-
ftances on which the principle of judgment
1s founded have no exiftence.

TuouGH the apparent magnitude of ter-
reftrial objects is perpetually varying in pro-
portion to their diftance from the eye, ftill
there is fome fort of ftandard in the mind,
perhaps indeed not very accurate, to which
a reference is generally made. It is not
poffible to form a conception of a vifible
object, without fome determinate magnitude,
and this magnitude will in general be that
which belongs to the object in that fituation

wherein we have been moft accuftomed to
B 3 view
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view and ccrnﬁi:ier it ; the variations of appa-;
rent magnitude, the gradations of colour, and
indiftinétnefs of outline, which influence
our judgment concerning the diftance of ter-
reftrial ‘c:-bjeéts, are {fo many circumftances
of real altératiﬂn in the vifible object.

WHEN we fee two men in a horizontal
direction, one at the diftance of ten, and the
other at the diftance of an hundred yards,
there is a real diminution of apparent 'mag..
nitude in the latter ; but there being a regu-
lar fucceffion of intermediate obje@s, all
well known, and each appearing in due pro-
portion to thofe with which it is conti guous,
we pafs over the diminifhed magnitude, at-
tending only to the diftance of which it is
a ﬁgn.“ But if a man fhould be feen at the
fame diftance in an elevated fituation, as on
the top of fome high building, the mind
not being accuftomed to judge of diftance
in that -direé’tiﬂn, and there being no fur-
rounding objects of known magnitude with

which
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yond any at which we had been accuftomed
to fee it, or beyond the ftandard in the
mind, we fhould then attend to the vifible
magnitude, and the objet would appear
not only as nearer but as larger. And this
is what takes place when we look at an ob-
ject through a microfcope, when the vifible
magnitude being increafed much beyond any
ftandard to which the mind can refer it, or
which correfponds with any diftance at
which we had been accuftomed to fee it,
fuch increafed vifible magnitude engages
the attention, and we view the object as
magnified, without noticing the diftance,

I HAVE only mentioned thefe circum-
ftances, which are well known to thofe who
have ftudied optics, in order to obferve, that
in fuch inftances there is either fome ftand-
ard in the mind with which a vifible object
is compared, or fome real alteration in the
vifible circumftances by which the judgment
may be influenced.. But in the phmnome-

non
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non of the horizontal moon every thing re.
mains the fame, the true magnitude is un-
known to fenfible perception, and cannot
be made a ftandard of comparifon in the
mind ; but this true magnitude remains un-
altered. The vifible magnitude, or the fpace
the object occupies on the retina, alio remains
unchanged in all the various degrees of ele-
vation, and the real diftance remains the
fame, or at leaft the variations to which it
is fubje¢t have no influence in the matter
we are confidering. And, laftly, we are as
much accuftomed to fee the moon at an ele-

vation as on the horizon.

.~ THus it appears, that the variable vifible
magnitude which takes place with refpect ta
terreftrial objects, and which. in conjunction
with other circumftances becomes the fign
of diftance, can have no place with regard
to the celeftial object. And yet mankind
invariably agree in thinking that the moon
appears larger when on or near the horizon
| than
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than when at an elevation ; and by appearing
lasger, they in general mean that it is a larger
object to fight; and the manner in which
fome optical writers exprefs themifelves on
this fubject rather feems to countenance than
to corre¢t fuch a notion ; but the philofo-
pher knows that the increafe of magnitude
1s neither real nor apparent: the vifible ob-
ject really undergoes no alteration of mag-
nitade in any fituation ; the angle {ubtended
- by the diameter, or the fpace occupied on
the retina, is the fame throughout all degrees
of elevation ; and the feeming increafe of the
magnitude is truly the operation of a faculty
very diftin¢t from fimple vifion. However,
fo difficult is it to make this diftinction,
that the philofopher who is acquainted with
the fubject, equally with the uninformed
part of mankind, while contemplating the
moon upon the horizon, cannot avoid cons
fidering it as appearing of increafed magni-
tude,

in
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In the foregoing inftance a real diftinction
is overlooked, In the next inftance I fhall
mention there is a diftinction made where
none really exifts: this is, in {fecing by re-

fle¢tion from a mirror.

WHEN any object is placed before a plane
mirror, we fee two fimilar things ; one by
direct rays, the other by rays refle¢ted from
the mirror. Now, mankind in general at-
tribute to one of thefe vifible objecis a reality
which they deny to the other; they confider
the object which they fee by the refleGted
rays, or, as they exprefs it, ‘‘ IN THE
GLASS,” as the image of 7he other which
they fee by dire¢t rays; and the general
mode of expreflion ufed by optical writers

conforms to {uch a notion,

IT is, however, certain, that the two vifi-
ble objects {een in fuch a fituation are per-
fectly fimilar in their nature, and the one feen

by direct rays has no circumiftance of exter-
nality
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nality or reality belonging to it, which can
with any reafon be denied to the other, The
rays which are refleted by the mirror do not
iffue from the other objec? which is SEEN
direct, but this laft is feen by rays which
iffue from the fame fource which fends the
rays to the glafs ; and the identic rays which
excite that appearance which we call the re-
fleted image of the other might, if the
glafs were removed, pafs on ftraight to fome
other eye, where they would form a vifible
object precifely fimilar in every circumftance .
to that {feen without the mirror, an?d which
is generally confidered as the real or external
objeét. . The only difference then in the two
objects is, that one is caufed by rays which
pafs in a ftraight line to the eye, and the
other by rays which, impinging on the mir-
ror, are fent out of their ftraight courfe;
but this circumftance can make no real diffe-
rence in the nature of the object feen. Here
then a very important diftintion is made

where none really exifts ; for one of thefe
| objects
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objeéts is confidered as external and real, and
the other as a mere appearance.

IT is not to be fuppofed, that optical
writers can be unacquainted with thefe cir-
cumitances, though it is very certain, that
their general mode of expreffion conforms to
the vulgar opinion. But, however allowable
fuch a conformity may be in matters which
relate to the ordinary intercourfe of life, it
ought not to be admitted in matters of {cience,
where the particular province of the writer
is, to correct the erroncous opinions of the
uninftructed part of mankind: or, if it fhould
be faid, that the common exprefiion of ¢ an
object and ifs image,” is ufed merely for
the fake of diftinction, this fhould be no-
ticed, and the true nature of the objeéts
explained.

‘But the notion which of all others is moft
intimately affociated and confounded with

the fimple perceptions of fight, is that of
exter-
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externality and remotenefs which we annex
to every thing we fee; and fo ftrongly is
this notion imprefled on the minds of thofe
who have not been accuftomed to view the
{ubject in a philofophical light, that the bare
atte'mpt to corre¢t it renders one liable to the
charge of abfurdity, and of advancing pofi-

tions repugnant to common {enfe.

Axp here we may again obferve, that the
explanation given by moft optical writers of
the ordinary procefs of vifion conforms in
expreflion with the general opinion. We
are told, that the rays of light which iffue
from every point of an external objec falling
on the eye are, by the laws of refraction,
collected into certain correfponding points on
the retina, where they form a picture of 'the
object in an inverted pofition; which picture
or image, through the action of the optic
nerve, 1s the mean by which the external
object becomes vifible: that is, they con-

ceive two diftinc {cts of objects; one, the
cxter=
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external objects, which they reprefent dg
the things feen ; the other, the inverted

pi¢tures of them on the retina, which are

not feen.

AND it appears, from the manner in which
thefe writers ftate fome queftions relating to
the phznomena of vifion, "that they do not
exprefs themfelves in this manner merely in
conformity to general opinion, but that they
really confider the thing feen as fomething
very diftinét from the projection on the re-
tina., Thus a queftion which has given rife
to much {peculation on this fubject is, On
what principle is it to be accounted for, that
objects are feen ere¢t by means of inverted
images ? The queftion thus flated evidently
implies, that the object feen is one thing,
and the image on the retina another: and the
ingenious Dr. Smith, who has treated the
fubject of vifion fully, and in fome degree
philofophically, applied himfelf to calculate

the
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the magnitude of the piGure on the retina
of the {malleft vifible objeé&, or of what he
calls a fenfible point on the retina, which he
makes to be the eighth-thoufandth part of an
inch*. This is certainly fuppofing the pic-
ture on the retina to be {fomewhat diftinét
from, and inconceivably {fmall in proportion
to, the vifible object.

BuT {uch an account of vifion tends to
miflead ; for the truth is, that we have no
perception whatever of external objects by
fight, either mediate or immediate ; the
projections on the retina being the direct and
fole objects of vifion. And this pofition is
advanced as a plain truth whofe proof does
not reft on any metaphyfical fubtli:ty, but
which is capable of as full and clear a de-
monftration from the moft fimple and fami-
liar phzznomena of fight, as any propofition
throughout the whole extent of mnatural

* Smith’s Optics, Vol. L p. 51. :
phile-
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SECTION II

An Expofition of certain general Principles
neceflary to a right Underflanding of the
trwe Nature of Vifion. Fallacious Reafon-
ing of Dr, Reid pointed out *,

ONE propofition which we fhould ever
have in view, if we would form juft notions
on the fubjet we are treating, is, that
colour has no exiftence independent of the
mind ; that it is no quality exifting externally
in material fubftance, but an effe¢t produced
on the mind by the action of the rays of
light on the organs of vifion ; all the variety
of colours we fee depending on the circum-
ftances under which the rays a¢t on the optic
nerves.

¥ Tae writer publifhed fome * Obfervations on Single
Vifion” in the European Magazine for September 1794,
fome of which are repeated in this Effay.

It
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It would be fuperfluous to enter here at
large, on the proof of a pofition fo well
known, and fo generally admitted. 1 fhall,
however, introduce one experiment which,
though fimple, is perfectly decifive *.

IT is a well-known faét, that if two fub-

ftances perfectly dry and finely powdered,
the one of a blue, the other of a yellow
colour, fhould be mixed together, the mafs

would exhibit a green colour.

Frowm this fimple experiment arife the fol-
lowing obfervations : if the fubftance thould
have been from the firft prefented to us under
this form, we fhould have confidered it as

# Turs doltrine refpeting colour has, however, lately been
called in queftion by Dr. Reid, of Glafgow, and Dr. Beattie,
of Aberdeen; but the fallacy of their reafoning on this fubs
jet might very eafily be pointed out. And, indeed, what
kind of philofophy can be expeéted from writers whofe funa
damental tenet is, * that popular perfuafion or belief is the
“ ultimate teft of truth;” or * that we believe becaufe we
¢ cannot help it, and that what we cannot help believing is
“ true.” See Dr. Reid’s “ Inquiry into the Mind on the
¢ Principles of common fenfe,” and Dr. Beattie’s Effay “ On
the Nature and Immutability of Truth.”

€ 2 being
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being of a green colour, for the {fame reafon
that we now confider the two as being one
yellow, the other blue, the green colour has
equal claim to reality and to be confidered as
a quality of the fubftance, with the former;
but in this inftance the two fubftances re-
main the fame after the mixture as before ;
the change which takes place does not affect
their nature, but refpects only the arrange-
ment of their individual particles, and their
mutual pofition in regard to each other,
while every fingle particle remains feparate
and diftin¢t ; neither is there any alteration
in the nature of the rays of light which enter
the eye after the mixture of the fubftances:
the {ame fpecies of rays iffue from the mafs
as before the union, and each ray enters the
éyc alfo feparate and diftinct. But in this
fituation -the rays iffuing from an individual
particle of either {ubftance do not occupy a
fenfible point on the retina, and therefore do
not fingly, excite any fenfation, or become
feparately vifible; but over fuch a fenfible
point are diffufed rays which iffue equally

both
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bath from the blue and the yellow particles ;
and the confequence is, the fenfation of agreen
colour ; a fenfation excited by the combined
- action of two forts. of rays on one fenfible
point. - But if the mafs f{hould be viewed
through a lens of a proper degree of con-’
vexity, the rays iffuing from an individual'
particle of either fubftance would in this
cafe occupy a fenfible point on the retina, and
the blue and the yellow particles would be
feen diftinét from each other.

Bur thefe fenfible points on the retina differ
from geometrical points ; for the latter have no
dimenfions, and cannot be objects to fenfe ;
but the former have dimenfions, or they could
not be perceptible ; and thus the fenfation of
colour,"when excited, neceffarily produces the
perception of wvifible extenfion, which is
compofed of fuch fenfible points. The exten~
fion is included in the nature of colour, fince
the two are abfolutely infeparable in the
imagination. It s impoflible to conceive
colour diftin& from length and breadth, or

¢ 3 to
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to conceive vifible extenfion unaccompanied
with colour ; but extenfion in its nature con=
fifts of parts, each of which has a certain
pofition in rt:fpe& to every other part., Pofi-
tion is pointed out by a difference of colour,
which gives limits to certain portions of ex-
tenfion, and extenfion circumicribed confti-
tutes figure. Again: a continued fucceflive
change of pofition conftitutes motion ; and
thus the perception of vifible extenfion, with
its various modifications, of figure, pofition,
and motion, refults from the fenfation of
colour,

I'T is ufual for optical writers to fpeak of
the rays of light, as being continuous lines,
and this may be commodious for the purpofe
of optical demonftration ; but we know that
it is not abfolutely juft. A ray of light con-
fifts of extremely minute particles ifluing
from a body in the fame direction, but per-
fectly diftinét, and at very confiderable dif=
tances from each other. The rarity of light,
confidered as a medium, has been particularly

~ noticed
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noticed by the ingenious Mr. Melville and
others ; and it is fuppofed that one individual
particle may have proceeded to the diftance
of fome thoufands of miles before another
particle quits the body in the fame direction ;
‘but fo confiderable is the velocity of their
motion, that the interval in time is utterly
imperceptible to fenfe.

Ir we fhould conceive rays of light as
continuous lines extending from an object to
the eye, it might {feem to form a fort of con-
nection between the two, and might tend to
ftrengthen the erroneous notion of feeing the
external thing: but if we confider that the
particles of light which firike the eye and
excite the fenfation of colour, are abfolutely
detached from the object, and that it is even
poflible that an object may no longer exift,
when that light which caufes what we call the
fight of it reaches the eye, we fhall certainly
be better prepared to admit the duétrmc
which 1 have advanced.

C 4 IN
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IN every inftance where an object is pre-
fented to the mind by means of fight, it will
probably be found, that judgment and ima-
gination are concerned together with actual
perception. And the true nature of vifion
can never be rightly comprehended without
making a proper diftinétion between thefe
various operations. But to this end it is re-
quifite that we fhould entertain juft notions
of the general nature of perception, as dif-
tinguithed from the other powers of the
mind ; for the great latitude and variety of
ﬁgniﬁcatinn with which this term has been
ufed by different writers is utterly inconfiftent
with any idea of perfpicuity.

IT is not eafy to define {imple operations
of the mind, but I fhould explain my notion
of perception by faying, that it is an effe&
produced on the mind, in which fome objeét

is immedjately prefent to notice or apprehen«
fion,

In
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[N perception the objec is actually prefent
to the mind ; knowledge may be confidered
as confifting of former perceptions repofited
in the memory. Thus, Iknow thatthe three
angles of every plane triangle are, when taken
together, equal to one hundred and eighty de-
grees, but when I am not thinking of trian-
gles and their properties, I cannot be faid to
perceive this truth. It is then only it can
properly be faid to be perceived, when the
whole demonfiration lies before the mind,
and every link in the chain of reafoning be-
comes an object of actual perception.

Aca1N : the object of perception muft be
immediately before the mind, and this is what
conftitutes the difference between perception
and judgment : the latter being a certain de-
gree of perfuafion or affent of the mind
refpecting that, which is not perceived,
through the mediation or intervention of {ome
evidence, or an inference from exiftence per-'
ceived, to exiftence unperceived. But the
object of perception being actually prefent to

the
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the mind, it muft in confequence neceffarily
exift, and thus perception implying exiftence
is the bafis of all certainty * ; nor can there
be any falfe or erroneous perception, for it is
equally contradictory that what is perceived
{hould not exift, or that what has no exiftence
fhould be perceived: and all thofe firft prin-
ciples of {cience which are called axioms, are
only fo many fimple actual perceptions ex-
prefled in general terms for the purpofe of

communication.

THE feat of error is the judgment, or that
faculty by which the mind forms conclufions
- refpedting unperceived exiftence, and all thofe
illufions which are frequently termed fallacies
of the fenfes, are, properly {peaking, erro-
neous judgments or falfe conclufions, for
the fenfes prefent their obje¢ts to the mind
agreeably to certain regular ftated laws of na-
ture, and therefore without fallacy ; the er-

* 1 am here fpeakfng of exiftence in general, not meaning
to limit the fignification of the term to permanent exiftence
independent of the mind, 3

ror
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ror lying in the inferences which the mind
draws from the objects prefented by one fen-
fitive faculty, refpecting the exiftence of thofe
of another faculty : as, when feeing an ob-
jeét of a certain colour and figure, we con-
clude it to be an orange, but, on examina-
tion, find it to be a piece of wax or painted
wood : or, as when a ftick is feen with part
of it lying in water; in this cafe the vifible
appearance is certainly crooked, and fo it
ought to be by the laws of vifion ; but if one
fhould thence conclude that the fame ftick
would really be crooked when out of the
water, we fhould form an erroneous judg-

ment, while the appearance would be juft
and regular,

. WHEN a fphere is placed before the eyes
we fee only a curcular figure, over which is
diffufed a certain gradation of colour, or of
light and fhade ; the {phericity or folidity is
a conception or notion formed within the
mind and affociated with the actual percep-
~ tion. But this circular figure and gradation
3 h of
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of colour, which, from experience, excite the
conception and belief of fphericity, neither
conititute it nor have any neceflary connection
with it ; for a plane circular furface may be
fo coloured as to exhibit to the eye precifely
that gradation of colour which is the ufual
fign of {phericity ; and if a fphere and a plane
circular furface fo coloured fhould be at the
fame time placed before the eyes, we fhould
have no criterion whereby to diftinguifh the
plane from the folid. Suppofe then the eyes
to be direcled to the plane furface: in this
fituation the object, fo far as mere fight is
concerned, would be precifely the fame as if
the eyes were directed to the folid ; but, fince
a folid cannot be perceived where no fuch
thing exifts, it neceffarily follows, that foli-
dity or the third dimenfion, is not percep-
tible by fight ; but that externality and re-
motenefs, the notion of which wefouniformly
annex to the objects we fee, is no other than
this third dimenfion: and hence it alio fol-
lows, that diftance in a line from the eye is
fio- direct object of fight, |

Is



{ =0 1

Ir there does exift a fet of external ob-
jects, and if the mind is endowed with a
power of perceiving thefe objets, it muft
perceive them fuch as they are; the nature of
the organs of fenfe or the modeby which the
perception is conveyed to the mind can make
no difference in the nature of the object when
perceived. We frequently hear mention of
apparent figure and of apparent magnitude, as
qualities or attributes of things, which have at
the fame time a different real figure or real
magnitude ; but this is a very inaccurate and
unphilofophical manner of fpeaking, for no
principle can be more obvious than this, that
one individual thing cannot have two dif-
ferent figures or different magnitudes at the
fame time. Every thing whatever poffefles
certain qualities which diftinguith it from
every other fhing, which conftitute its effence
or caufe it to be what it is. It is impoflible
that a thing thould differ from itf{elf or pofiefs
at the fame time qualities repugnant to each
other. And therefore, if the external things
have certain properties, and if the things per-
ceived have other properties different from

thofe
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thofe or inconfiftent with them, it muft fol-
low, that the things perceived are not the ex-
ternal things. No reafoning can be” more
plain and fimple than this. If it fhould be
faid that we perceive part of an objeé by one
faculty and part by another, it may be re-
plied that the objects of different faculties
are, intruth, different things ; we pofiefs no
faculty competent to the perception of fub-
ftance or the fubftratum of qualities and the
principle of individuality is a meer work of
the mind. It is impoflible that a hard or foft
thing ; a rough or a {mooth thing {hould be
feen, or that a red, a blue, ora yellow thing
thould be felt.

ExTeEnpED figured objeéts are fufceptible
of various relations among themfelves which
are no relations with regard to the percipient ;
fuch are thofe of place and pofition. While
any obje&t preferves its identity, it muft if
perceived, be perceived to be the fame what-
ever may be its fituation ; for if this circum-
ftance caufes no real alteration in the nature;

magnitude or figure of the obje&, neither can
it
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it caufe any in the perception of that object.
Mind or a percipient principle has not itfelf
any immediate relation to {pace ; for if it ex=
ifted in place or occupied fpace, it muft be ex-
tended and figured *. We may {uppofe a cube

and

* TreRE ave, I know, many, and fome even who are
in habits of abftra& ftudy, who find a difficulty in con-

ceiving, that any thing whatever can exiit without place, or
who fuppofe that the queftion % Where is it is applicable to
every thing whatever,  And, indeed, the notions of fpace
and extenfion are fo deeply impreffed on the minds of thofe
who are poffeffed of the faculties of fight and touch, and the
imagination is fo much more confiantly employed on the
objefls of thefe faculties than on thofe of the reft, as to ren-
der it a matter of difficulty to diveft the mind of thefe notions.
We need not enter on a full difcuffion of this queftion here,
but the following confiderations may perhaps affift our con-
ceptions on this fubject.

OF the five fenfitive faculties there are three, namely, tafte,

fmell, and hearing, whofe objets have no relation to fpace,
and which therefore could not convey to the mind a notien

of extenfion or its modes. A found, for inftance, may be
grave or acute, of long or fhort duration, harmonious or dif-

cordant, &c. but it would be obvioufly abfurd to fpeak of a
found that had length, or breadth, or figure.

Ir we fhould, then, fuppofe a being endowed with only
thefe three fenfitive faculties, but to poffefs the fame intellec.
tual powers as man, fiich as reafon, memory, and imagination;
it is evident that fuch a being could have no notion of fpace
or extenfion ; but the variety of other notions which might
arife from thefe faculties is confiderable, fuch as duration,
with its modes of fucceffion, prior and pofterior, &c. He
might alfo acquire'a notion of numbers, of fimilarity, diver-

ﬁt?g
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and a {phere to be placed in a variety of fitu-
ations, one with refpect to the other, but it
would be obvioufly abfurd to confider thefe
circumftances as relations in regard to the
percii}ient. If, for inftance, the cube were
to be removed to a diftance from the fphere,
with' what propriety could it be faid to be re-
moved at the {fame time to a diftance from the
mind ; or that the cube lay on one fide of the
mind and the cube on the other?

I suarrL conclude this fection with fome
obfervations on a remarkable inftance of falfe

reafoning in an eminent writer, * in great

fity, equality, and many others; and we fhould find that
fuch a being might have notions which come under feven. of
the ten categories, and confequently there would be room for
much exercife of reafon and imagination, without any notion
of extenfion and its modes. This may be fuflicient to {hew,
that the idea of fpaceis nota neceflary idea in the mind of an
intelletual beipg. The notion arifes from the nature of the
fenfitive faculties, but there may exift beings of intelletual
powers and faculties far exceeding thofe of the human fpecies,
who, notwithftanding, may be without thofe faculties to which
the perception of {pace and extenfion is appropriated, and
who may, therefore, be deftitute of {uch notious.

* Dz, Thomas Reid, Profeffor of Moral Philofophy in
the Univerfity of Glafgow, in a work entitled, ¢ Effays on
% the Intellectual Powers of Man,” See this Work, from .

Page 2006 t0 212.
meafure
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‘meafure founded on'confidering the relations:
which fubfift among extended things, as
being allo relations in refpect to the perci-

pient,

I suarr produce the paffage, not only as
it has an immediate relation to the fubject
of thefe obfervations, but becaufe it may be
confidered as a curious fact in the hiftory of
the human mind, and proves how readily an
enlightened and ftrong underftanding may be
“perverted by a predilection for fome favorite

theory.

THE grand aim of this writer throughout
his works is, to abolith the received {yftem
concerning ideas ; in oppofition to which
he maintains, that the mind is endowed
with a power of perceiving exter;m_l objects
immed;ately 5 {enfation being, in this wri-
ter’s theory, only a fign pafling rapidly and
almoft imperceptibly through the mind,
fuggefting, by fome law of nature hitherto

D un=
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unnoticed by philofophers, the immediate
perception of the external objec¥.

MRr. Hume, fomewhere in his writings,
fpeaking of the general notion of the exter-
nality of 'the objects we perceive, fays:
‘¢ But this univerfal and primary opinion
““ of all men 1is deﬂm}'cd by the ﬂ*ghteﬁ
¢« philofophy, which teaches us, that no-
*¢ thing can ever be prefent to the mind but
‘" an image of perception,and that the fenfes
‘“ are the only inlets throngh which: thefe’
“* images are received, without being ever
‘“ able to preduce any immediate intercourfe
‘“ between the mind and: the object.. 'The
¢ table swhich we fee feems to diminifh as we
¢ remove farther from ity but the real tas
< ble, which exifts independent of us, fuffers
““ mno alteraion. At was, therefore, nothing
but its amage which was prefent tothe
““ mind. 'Thefe are the obvious dictates of
¢ reafory;?? == ~ So far Mr. Hume.

THrs
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Turs paflage is quoted by Dr. Reid in his

Effays on the Intellectual Powers of Man,
and his reply to it is the initance of falfe

reafoning to which I have alluded. This

writer, after having explained the difference

between tangible and vifible magnitude, pro-

ceeds thus :

‘i
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‘““ Tue argument is this: * the table we
fee feems to diminifth as we remove far-

»

ther from it ;’ that is, its apparent mag-
nitude is diminifhed, ¢ but the real table
{uffers no real alteration ;’ to wit, in its
magnitude; ¢ therefore, it is not the real
table we fee.” I admit both the premifesin
this {yllogifm, but I deny the conclufion.
The {yllogifm has what the logicians call
two middle terms ; apparent magnitude 1s
the middle term in the firft premife, real
magnitude in the fecond. Therefore,
according to the rules of logic, the con-
clufion is not juftly drawn from the pre-
mifes. But, laying afide the rules of

D 2 ““ logic,
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logic, let us examine it by the light of
common fenfe. :

¢ LeT us {uppofe, fora moment, that it
is the real table we fee; muft not this
real table feem to diminifh as we remove
farther from it? It is demonftrable that
it muft. How then can this apparent di-
minution be an argumert that it is not
the real table? When that which muft
happen to the real table as''we remove
farther from it does actually” happen to
the table we {ee, 1t 1s abfurd to conclude
from this, that it is'not ‘the real table we
fec. It isevident, therefore, that this in-
genious author has impofed upon himfelf
by confounding real magnitude with ap-
parent magnitude, and that his argument

1S a mere sCPIlISM,

¢ T ossErVED, that Mr. Hume’s argu-
ment not only has no ftrength to fupport
his conclufion, but that it leads to the

5 contrary
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‘¢ contrary conclufion; to wit, that it is the
¢¢ real table we {ce; for this plain reafon,
¢ that the table we fee has. precifely that
¢ apparent magnitude which it is demon-
‘¢ ftrable the real table muft have when

““ placed at that diftance.”

- Sucs is Dr. Reid’s reafoning in oppofition
to Mr. Hume’s fyllogifm ; in which it is
furely the former who has impofed upon
himfelf, and the fophifm may be fairly re-

torted upon him,

THAT a perfon, endowed with talents fo
refpectable as are thofe of Dr. Reid, fhould
{uffer himfelf to be deluded by fo obvicus and
palpable a fallacy is indeed 2 memorable In-
ftance of the weaknefs of human reafon.
The whole train of arguinent here adduced :
this fuppofed deteGtion of a fophifm in the
plain and fimple propofition of Mr. Hume,
does itfelf confift of a firing of fophifms and

erroncous notions from beginning to end.
D 3 FigrsT
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First : the author conceives the diftance
of the table to bea relation with refpect tothe
percipient ;  he fuppofes it to be carried
away from the mind when it is removed to
3 diftance from the body ; a mere prejudice
of untutored minds, but a notion very un-
worthy of one accuftomed to view fubjects
in the light'of philofophy. Whilean object
remains unchanged in it; own nature, the
perception of that object, if the mind really
has the power of perceiving it, muit alfo re-

mailn unc hangr:d.

In the next place, there is an obvious
tailacy running through the whole argu-
ment, implying the exiftence of the very
thing 1t denies ; that is, of a vifible objeck
diftin¢t from the real or external object, and
fubject to certain laws of variation utterly in-
confiftent with the nature of the latter,

Acaiw : the author feems to be led away
by the mere ordinary conftruction of lan-

guage, confidering the term apparent as a

quality
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quality or accident of which magnitule is
the fubject ; but this term, though predi-
cated of magnitude, obvioully relates to the
percipient. Magnitude is only fufceptible of
more or lefs, and the external table, with
all its attributes, remains precifely the fame,
whether it be apparent or not apparent.

- Waat Dr. Reid calls the two middle
terms, real or fixed magnitude, and appa-
rent or variable magnitude, are inconfiftent
qualities which cannot exift at the fame
time in the fame fubject. Dr. Berkeley,
from whom Dr. Reid feems to have taken
up his notions of vifible and tangible mag-
nitude, plainly perceived this, and he confe-
quently maintains that there is no common
object of fight and of touch, - But Dr, Reid,
allowing the premifes and rejecting the con-
clufion, admits the abfurdity that the fame
body may have at the fame time two dif-
ferent magnitudes, Mr. Hume’s argument
may be flated thus :
' D 4 The
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event might have led him to a perception of
his error. While we remove to various dif-
tances, the table certainly remains precifely
the fame ; neither it nor any of its attributes
fuffer any alteration, whether it be {een or
not feen. The feeming diminution is not
any affection of the external table, but of the
projection on the retina ; and though it may
be demonftrated, that the angles made by
lines drawn from a point to the extremities
of a figure, muft diminith, as the figure is
farther removed from the point from which
the lines are drawn ; yet this is not by any
means a demonftration that a mind endowed
with the power of perceiving external objeéts
which have a fixed magnitude, muft perceive
thefe objects as having a magnitude propor-
tionate to fuch angles,

Tuis may conftitute alaw of vifion in be-
ings framed as we are, but it can be no law
of general percipiency ; on the contrary it
leads direcly to this conclufion, that the fa-

culty
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culty of fight is not a power of perceiving
external material objects ; fince objects per-
ceived by vifion have, in confequence of this
law, certain qualities and are fubject to acci-
dents, which cannot be predicated of external
obje&s exifting independent of the mind.

AGaix: the writer fays, ¢ when that
*¢ which muft happen to the real table as we
‘“ remove farther from it does actually hap-
¢¢ pen to the table we fee, it is abfurd tn-
¢ conclude from this, that it is not the
‘¢ real table we fee.”” But I would afk of
Dr. Reid, what in this cafe does happen to
the real table by our being farther removed
from it? Surely nothing at all. The dimi-
nution which Dr. Reid calls feeming, is not
{eeming, but real; it is no affection of the
real table, which remains the fame 1n all
circumftances of diftance ; but it is a real di-
minution of the projection or vifible objedt,
and which this writer throughout confounds

with the external object. -
Urax
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Uron the whole, then, it appears, that
Mr. Hume’s fyllogifm is a fimple and evis
dent truth, founded on this obvious propofi=
tion, ‘that a variable and an invariable magni-
tude cannot be qualities of the fame fubjedt
at the fame time ; and the charge of fophiftry
fairly returns on Dr. Reid. But even the er-
rors of fuch a writer afford a leflon to the
wifeft ; they may hence learn to propofe their
opinions to the world with moderation and
diffidence, left a fuppofed detection of the
errors of others may ultimately appear to be

only an expofure of their own.

I nave dwelt at fome length on this cir-
cumftance, becaufe it is precifely a cafe
in point, and tends to elucidate the fubject

we are confidering.

T may be, however, neceflary to ob-
ferve here, that the theory which Dr. Reid
intended to overfet by the above reafoning,
is fomewhat very diftin® from what has

been
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been advanced refpecting the projections on
the retina. The f{yftem he oppofed is that
which maintains that the immediate objects
of human perception are ideas. The philo-
fophers who embrace this dotrine may be
diftinguithed into two claffes : the firft, and
much the more numerous, at the head of
which we may place Mr. Locke, admit the
exiftence of the external or material object,
which they confider as the archetype with
which the idea has a general conformity ; and
it is evident from the writings of this clafs,
(among whom was Dr. Smith, who has
treated fo largely on optics) that they in ge-
neral confider the projections on the retina as
being very diftin&t from the immediate ob-
jects of fight, and as conftituting only a ftep

in the prcucefs of vifion.

THE other clafs deny altogether the ex-
iftence of external objects, or of material

{fubftance ; at the head of thefe we may con-
fider









l % ]

at firft fubje® me to the charge of ad-
#ancing paradoxes, or notions repugnant to
common fenfe, from thofe who are not in
the habit of confidering the fubject in a phi-
lofophical light.  However, 1 have little
doubt, that a patient attention to what will
be produced in fupport of the doérine I
fhall ftate, will get the better of a prejudice
deeply impreffed on the mind, from a long
continued habit of conceiving the object of
{ight to be external and remote. '

1 navE already ftated in the Firft Section
the manner in which the procefs of vifion
is generally explained by optical writers ;
in oppofition to which, I have advanced,
that we have not by fight any perception of
external obje&ts, and that the projeions

on the retina are the immediate and fole

remote part of the world, when he could have but'a very li-
mited accefs to books and not any to the converfation and fo-
ciety of men of fcience and literature.

objects
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objeéts of vifion; but I fhall ftate this pofi-
tion at more length.

I't has already been obferved, and I fup-
pofe at this time it is in general well under-
ftood, that colour is nothing more than an
effect produced upon the mind through the
medium of the organs of vifion. The rays
of light colle¢ted on the retina by their na-
tural action on the optic nerve excite the
fenfation of colour, with the confequent
perception of extenfion; and certain por-
tions of this extenfion being limited and
marked out by a difference of colour give
1_*iﬂr: to the -perception of vifible figure;
thus the fenfation of colour renders percep-
tible to the mind the figures projected on
the retina; and this procefs conflitutes vi-

fion.

We remain in total ignorance of the real
efficiency of the rays of light on the optic
nerves
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nerves and the brain in caufing vifion ; but
when fight is produced, there is an objett
immediately prefent to the mind; and the
prefent queftion is, not how this object is
produced? But, what is it? Should any
one chufe to maintain, that what I call the
projections on the retina are only ideas, I
do not feel inclined to difpute the point ;
however, we have the fame evidence for
the exiftence of thefe projections, as we
have for thofe made on paper by a lens.
If the things we fee are only ideas, are
they the ideas of external objects, or ideas
of the projections on the retina? If they are
more than ideas, are they the objeéts them-
{elves, or are they the projections ? The ge-
neral opinion is, that the projections on the
retina merely conftitute a ftep in the procefs
of vifion, and are only the means by which
the objects we fee, whether thefe be the
cxternal things themfelves, or only the ideas
of them, become vifible. That fuch is the

opinion of optical writers appears from the
E Clr=
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circum(tances mentioned in the firft {fection 3
and Iappealﬂ to the experience of Ever}r-in-
dividual, let him be fkilled in optics or not,
Whether, whilft he contemplates the fet of
vifible objects before him, confifting of
buildings, fields, trees, animals, &c. and
pailes his eye over parts of his own perfon,
he does not conceive that there is, befides
thefe, a fet of objects projected on the re-
tine of his own eyes, in an inverted order,
inconceivably minute, and perfectly diftinct
from the things which he fecs ?

I AM ready to confefs for my own part,
that even now, while writing exprefily
againft {fuch a notion, as I {it in my room,
and view the various obje&é around me, I
can {carcely avoid confidering them as being
diftinct from the projeGtions which. we
know are formed on the retina. I am apt
to conceive of my own eyes as being thofe
objects which I have feen by refletion from
a mirror, and that thefe vifible eyes are the

places
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places where the projetions: are’ formed.
And it is in oppofition to a perfuafion fo
general that I advance, that this fet of ob-
jects which we fee, thefe buildings, fields,
trees, animals, &c. which we conceive to
be external in regard to ourfelves, are really

no other than the projections on the retinz
of our own eyes. L

In advancing this pofition the writer does
not pretend to have difcovered any new fa&

in vifion ; nor does the proof of this doc-
trine reft on any abftract {ubtlety, or meta-
phyfical refinement whatever ; but on this
plain confideration, that the phzenomena of
vifion are utterly inconfiftent with the fact
of feeing external objects ; but are all per-
fectly conformable with the projections on
the” retina.  Some very fimple and common

phenomena will be felected to iIqu’cr_atE this
do&rine. '

E 2 But
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' BuT before we proceed let me obferve, that
the {cientific or geometrical part of optics
will remain entirely unaffected by the pofition
now advanced. The general properties of
light, the laws of its refraction, reflection,
inflection, &c. will all remain as before.
What is called the external object, from
which the rays of light are fuppofed to be
reflected, thefe reflected rays, and the image
they form, are equally fuppofed in either
theory. The difference lies only in this cir-
cumitance, that the former dotrine teaches
that the external object is the thing feen, and
that the picture on the retina is only the
mean by which it becomes vifible ; whereas
I hold, that the external object is only
tangible, and that the image or projection of
this tangible objet is what in the procefs
of vifion becomes vifible.

IT is the province of optics to unfold and
to explain the various relations which thefe
vifible perceptions have to the external or

‘ tangible
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tangible object, and to inveftigate and define
the laws by which they are excited, and the
changes they undergo from the various cirs
cumftances of light and fituation. 'The di-
retion in which light adts, the laws by
which this diretion is changed, with the
confequent changes produced in the vifible
figures, are the chief objects of this fcience ¢
all of which will remain unaffeted by the
pofition in queftion. And it is worthy of
remark, that the {cience of optics is chiefly
founded on notions originally derived from
the fenfe of touch. Solidity, refiftance, den-
fity or rarity of a medium, refraction, reflec-
tion, &c. are all tangible notions ; and of two
perfons of whom one is fuppofed to poflefs
the faculty of fight without that of touch,
and the other that of touch without fight,
there can be no doubt that the blind perfon
might make a much greater progrefs in com-
prehending the principles of optics, than
the one who poflefled fight without touch. |

E 3 'h'
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- It will, Iknow, be generally conceived,
that the evidence of fenfe, the moft diret
of all evidence, is againft the pofition. Is
it poflible, it will be faid, to be miftaken in
a matter {o obvious ? Do we not fee that the
objects by' which we are furrounded are
without ourfelves? Can we not exter_jd the
hand and take hold of a thing, and can a
thing which we hold in our hands be a picture
‘on the-bottom of the eye? Or, again: Are
not :-_thc objects which we {ee incomparably
larger'j_than our whole bodies, much more
than our eye, and can the houfe which we
fee;. or which xw*e-_inhabit, be only an image
in the eye ? | |

‘PrEjupicEs. {fuch as this are ﬂmngl and
not to be readily overcome: but have we not
originally had other prejudices equally deep-
rooted, which however have been removed
by reafoning ? Such, for inftance, is that
refpecting, the apparent niagnitude of the

horizontal moon : this notion may be over-

- come
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come by meafurmg tfle 3ng1e ZVHH a pruper'
iftrument. Again : the apparcnt diurnal
motion of the fun from eaft to weft : here
we feem to have the ftrongeft evidence of
fenfe ; but reafon in time overcomes this pre-
]udxca. And thofe alfo ftated above may by
a little patient attention to plam rcafomng be
laid afide. They are founded on the fup-'
pofition that the object of fight is identic
with that of touch, and on erroneous no-'
tions concerning the g:neral nature of mag-
nitude. h

 THERE are two modes by which the'no-
tion of extenfion and figure is originally in-
troduced to the mind ; by the fenfc of fight,
and by that of touch *. And extenfion and
figure, confidered abftractedly, muft be the

* Dr. Berkeley has endeavoured, in his New Theory of
Vifion, to prove, that there is no identic objeét of fight and
touch; however, this notion is not generally admitied even
by men of fcience, and fome attempts have lately been made
to overthrow his dodtrine, though very ineffeCtually. If I
have repeated any of Berkeley’s arguments I do not apprehend
it neceffary to make a direét reference.

E 4 fame,
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fame, by whatever mode it may become pre-
fent to the mind; that is, length and
breadth are equally length and breadth,
whether accompanied by fenfations of fight
or of touch. The effential properties which
conftitute a circle or a {quare are common to
thofe figures, whether brought before the
mind by one or the other of thefe faculties ;
and thercfore the figure, confidered geo-
metrically, is the fame*; but as one circle
may be defcribed on paper, and another on
wood, and thefe circles, though their pro-
perties are the fame, are not identic, fo the
extenfion and figure prefented to the mind by
fight, is not the identic extenfion and figure
prefented to the mind by touch : that is,
there is no obje& common to both faculties.

WEe have no difficulty in allowing that
found cannot be the object of the fenfe of
{mell, of fight, or of touch; or that colaur

* Here Dr. Berkeley and myfelf differ fomewhat in our
notions, '

cannot
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cannot be felt, or the fenfations of touch be
{een ; but fince extenfion and figure cannot
be either perceived or conceived unaccom-
panied with the fenfations either of fight or
touch, it follows, that the extenfion and
figure as perceived by each muft be peculiar
to its own proper faculty ; and we may with
equal propriety pretend to hear fmells, or to
catch 2 found in the hand, as to touch the
thing which we fee, or to fee the thing
which we touch. The operation of each
is perfectly diftin¢t in its own nature, and
the affociation is only the effet of cuftom
and experience.

WuEN an obje@ is feen by refleGion
from a mirror, no one would think of affo-
ciating the tangible notions with it; for in-
ftance, let a perfon take up.an orange in his
hand, and hold it before a common looking-
glafs, and he will fee the orange in his hand
by refletion, but he will not think of af-
firming that the thing he feels in his hand

and
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and the thing he fees in the glafs are one and
the fame.  But it has been already abfervr:d,;
that the object feen in’ the glafs and that feen
without it are precifely of the fame nature,
nor can there be the fmalleft reafon in the
nature of things for combining the fenfations
of touch with one rather than with the other,
and fince they cannot bclung- to both, they
muft belong to neither.

TruaT the extenfion and figure perceived
by touch ‘are not identic with that perceived
by fight, alfo appears from this, that they
feparately poflefs qualities which are quite
diftin& and incompatible with each other.
The extenfion perceived by touch has' three
-dimenfions ; that perceived by fight has only
two. Solidity, which isa dire& objet of
touch, is no object of fight; on the other
hand, a diftin&ion of figure on a plane fur-
face 'is' no object of touch, but isa fimple
and dire@& object of fight by difference of
colour. Again: tangible figure and magni-

tude
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tude are permanent and invariable, vifible

figure and magnitude infinitely mutable and
fluctuating.

A PROPER conception of this circum-
ftance will tend to corre& the above-men-
tioned prejudices, and enable us to form juft
notions of the general nature of magnitude,
which to human minds is merely a relative
quality : we have no knowledge of abfolute
magnitude, and the magnitude of any object
can neither be exprefled nor conceived but
by means of fome other thing with which

it 1s campared.

BuT as vifible magnitude and tangible
magnitude are not homogeneous throughout,
they are not capable of any common meafure
or ftandard. Vifible magnitude fequirﬂs a
vifible:meafure, tangible magnitude a tangi-
ble meafure : ‘and fince vifible magnitude is
tranfient and fluGuating, while that which
is tangible is permanent and invariable, we

take
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take the latter in general for a ftandard of
comparifon ; and the general terms for mea-
fure are taken from parts of the body, the
inftruments of touch, as an inch, or the
breadth of the thumb ; the fpan, or {tretch
of the hand; the length of the foot; the
cubit, or fore-arm; theell, or full ftretch of
one arm ; and the fathom, or full firetch of
both arms: all which can only be applied
by touch.

- It is now, I think, about two hunadred
years fince the projections on the retina were
firft difcovered by the fagacious Kepler ;
and it was in making experiments on the
eyes of animals that thofe projections became
known ; and they are found to be fimilar to
other projections made by lenfes, and
founded on the fame optiéal. principles. It
does not, however, appear, that this dif-
covery produced any change in the general
perfuafion that the objeéts of fight are ex-
ternal and remote. The projetions on the

retina
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retina were confidered, not as the things
feen, but only as a new-difcovered flep in
the procefs of vifion, and as a fet of objects
extremely minute when compared with the
fuppofed vifible external object.

BuT this opinion of minutenefs is entirely
founded on a mifconception, on a comparifon
of the things which are feen with an imagi-
nary fet of things which are not feen. The
external or tangible object can have no rela-
tion in magnitude to the vifible object. If we
{hould Pl‘ﬂpﬂfﬂ- to eftimate on optical princi-
ples, the proportion which the magnitude of
the projeted image bears to that of the ob-
ject, we either conceive them both as vifible,
or both as tangible ; in which way only they
can bear any relation or proportion in magni-
tude to each other. But if we confider them
as they really are, the one only tangible, the
other only vifible, there can be no common
meafure or ftandard by which the relation
can be eftimated. Should any one doubt

1 this,
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this, let him conceive two objects, the one
only as vifible, the other only as tangible, and
then attempt to compare them in refpet to
magnitude, and it will be found impoflible :

to {ay, that one is equal to, or greater or lefs
than the other, would exprefs nothing.

THE whole of vifible nature confifts of a
{fet of objects or figures projected on the
retina, which, having a juft proportion to
each other, agreeable to the laws of vifible
figure, appear of their proper and juft mag-
nitude, which can neither meafure nor be
meafured by any external magnitude which
is no object of fight.  Qur own bodies form
a part of this fet of vifible objects, and our
‘notion of the magnitude of the eye takes its
rife from feeing the eyes of others, or our
own eyes by, reflection from a mirror ; and
the notion of the minutenefs of the picture
on the retina arifes from f{eeing the projetions
in the eye of {ome other animal, and from
comparing thofe projections with the fimilar

objects
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objects which we {ee dire&, and in refpeét

to which they are extremely minute.. But
it fhould: be Ilﬂtl-.CEd,. that what in this cafe
the obferver fees are not the identic ubje&s
which the animal would fee with the eyes in
his head. The minute objects are not the ori-
ginal Projc&iﬁns in the eye of thﬂnimal ; but
this eye and thefe frﬁje&iﬂns are agaiﬁ rc-_pm;
jected on the eyes of the obferver, and com-
pared with the original projections in his own
eye *. And when Dr. Smith fet him{elf to
calculate the magnitude of the picture onthe
retina of the fmalleft vifible object, it was
in fact the magnitude of thefe re-projections
which he was eﬁ:xmatmg When, therefore,
it is faid that an object is much larger than
the eye, all that can be meant is, that itis
larger than the eye which we fee ; but this_
eye which we fee is only, like other vifible
objects, a ﬁgure pmje&ed on the reiina_ 3
and the eye, properly fPEﬁkiﬁg’, and confi-

¥ See Berkeley’s New Theory of Viﬁf;m, E;nicle. 316.)
dered
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dered as the organ of vifion, cannot poffibly
become an object of fight, nor can we form
any notion of its abfolute magnitude.

Tae above obfervations will, T hope, be
{ufficient to remove the prejudices above.
ftated ; and we may now proceed to the
dire&t evidence. |

Frow a great variety of experiments which
might be adduced to prove that the projec-
tions on the retin@ are the fole objeds of
vifion, 1 fhall fele&t a few which are at the
fame time extremely fimple and perfetly

decifive.

It is a fact well known to thofe who havé
ftudied optics, that in a certain pofition of
the eyes the object to which they are directed,
though equally projected on each retina, ap-
pears fingle; and it has been generally fup-
pofed, that in this cafe the projection falls
on the center of each retina, or on points

fimilarly
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fimilarly fituated in refpect to the centres,
and thefe points have by optical writers beén
called correfponding points.

I suarr fuppofe the correfpondence of
thefe points to depend on the circumftance of
the fingle appearance of the obje¢t projected,
and not on a ftri&k geometrical fimilarity.
The fa& is well eftablithed; and it is alfo
well known, that if by any means the fitua-
tion of the projection on either eye fhould
be changed, the other remaining the fame,
two fimilar objects would become vifible,
or, as it 1s generally but very iInaccurately
exprefled, the object would appear double ;
and as this fingle appearance cannot be ac-
counted for by any of the known properties
“of light, or general laws of refraction and
projection, it has been made a queftion,
whether this effec is to be attributed to
cuftom and experience, or whether it be the
confequence of fome original law in the

‘human conftitution 2
F THIs
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Turs queftion will be confidered hereafter:
at prefent we have only to do with the fact.
And it is here to be noted, that though the
piGures which fall on correfponding points
of the retinz appear fingle, the vifible object
is compofed of the two projections.

IT is eafy to conceive, that if two plane
figures perfectly fimilar and equal in magni-
tude fhould be applied one over the other,
the outlines of the two muift coincide and
form one figure. The effe@ of viewing
objects through two tubes, one applied to
each eye, is well known ; if fuch tubes are
properly applied, and two fimilar objeéts, as
two guineas, placed one in the axis of each
tube, the projections will fall on correfpond-
ing points of the retine, when the axes of
the tubes and the axes of the eyes coincide,
and the two guineas will be feen under one
outline and become undiftinguifthable. This
effet is fimilar to what occurs in the ordi- °
nary ufe of the eyes; the two projections

are
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are feemr under one outline, and the effe¢t is,

to render the appearance more vivid.

Bur if, while looking fteadily at any ob-
je&, the globe of one eye be made to move
in the focket by means of preflure with the
finger, the fituation of the projetions on
the diftorted eye muft be changed, and one
figure will be feen to flide off as it were from
the other, and two diftin¢t objects perfectly
fimilar will now become vifible, the one
fituated above or below, on one fide or the
other, according to the dire¢tion in which the
preflure is made, This experiment muft be
familiar to all, and has frequently been
noticed by the philofopher; and it is to be
noted, that the two objects will be equally
accompanied with all thofe acquired notions
which arife from the {ubftitution of vifible
perceptions as figns of diftance, folidity,
and other tangible qualities.

F 2 Bur
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~ Bur the circumftance to which we are now
to attend is this, that the objeéts wenow fee
are two diﬂi_nét things, and not one and the
fame. Writers on vifion fay, that in this :f_itu_-
Eﬁbn ““an é-bjeét appears double.” Butin this
ip'ﬁr'aff: ‘there isa degree of inaccuracy unwor-
thy of feience and bordering on contradiétion;
for the article before the fubftantive denotes
one thing, but the word double denotes
two things. What then is a double object ?
1s it one ‘or two objects ? But let us Téave
‘words and attend to things. ‘That the ob-
'_]er.‘?cs which in this fituation I fee are two
diftin& thmgs, is a clear certainty. They
‘are fimilar, it is true; but ﬁmllanty is not
J'ideﬁtity. That ih::)r may be 'each ‘excited
by the fame tangible objects 1 admit; but
‘this cannot make the two things to be 61in
‘one ; and on this circumftance refts the con-
clufion, that the things {feen are the projec-
tions on the retinz. It is as impoffible for
the fame thing to be sEgN at the fame time in
two diftinct places, as it is that it fhould
EXIST
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confequently the two vifible objeds in the
above cafe would require two archetypes or
external objects.

THE circumftance of feeing objeés by
reflection from a mirror, has already been
confidered in the Firft Section as an inftance
of erroneous conception on the fubje@ of
vifion. This fimple and familiar experi-
ment may be again introduced as a proof
that we fee only the projections on the re-
tine ; for, as has already been obferved, the
object feen by reflection has equal claim to
reality and externality with that feen direct ;
the two things are precifely of the fame na-
ture, and fince they cannot both be real
external things, it follows that neither is;
and it would be a fruitlefs attempt to affign
any folid reafon for afcribing externality to,
one while it is denied to the other.

ANoTHER familiar phanomenon, utterly

inconfiftent with the fat of perceiving the
external
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external object, or any idea correfponding
with fuch an objec, is, that of feeing
through a polyhedron or multiplying-glafs.
When an object is feen fingly through any
tran{parent {fubftance, as glafs, the circum-
ftance is never fuppofed to affet the reality
of -the object feen; as no object is con-
ceived to be lefs real and external from being

feen through a window-glafs.

Suprosk then a glafs with three or more’
plane faces cut on it; on putting this to the
eye, we fee diftinctly as many objects as
there are faces on the glafs. I afk then,
What are thefe? They are certainly diftinét
from each other, and, though fimilar, are.
not identic. They cannot furely be all ex-
ternal things ; but either of them {een
through a fingle face of the glafs, or unac-
companied with the reft, would have been
accounted a real external object. Their
claim then to reality is equal; and fince they.
eannot be all external things, it follows that

F 4 not
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not any of them are; the truth is, they are
all equally projections on the retina.

THE laft argument I have to mention is

drawn from the motion of light.

IT is now fome years fince aftronomers
difcovered that the particles of light had a
progreflive motion of extreme velocity,
which they found means to calculate; and
it has been difcovered that light takes up
about eight minutes in pafling from the {fun
to the earth ; from whence it follows, that
the vifible objet which we call the fun is
excited by particles of light which had left
the fun eight minutes before they arrived at
the eye; and the obvious confequence is,
that if the fun fhould be carried beyond the
{phere of human perception, or fhould it
be at once annihilated, we fhould ftill con-
tinue to fee for eight' minutes that objet
~ which we have been accuftomed to confider
as the fun; wherefore we cannot maintain

that
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that the obje® we' fee is really the fun,
without maintaining the abfurdity that an

objeét may be perceived which has no ex-
iftence.

IT would be needlefs to produce more
experiments, though many immediately pre-
fent themfclves; and I probably have al-
ready dwelt too long on a fubjet which
fome writers would have comprifed in much
lefs: compafs. Every circumitance in the
above fimple and familiar phenomena is
utterly inconfiftent with the fact-of fecing
cxtﬂmal objects, or ideas which correfpond
with' them ; while it is in every particular
perfectly conformable with the projections ;
é_nd we may therefore lay it down as an in-
difputable fa& in vifion, that the images
projected on the retine are the immediate
and fole objects of the yifual faculty. Thefe
are the vifible perceptions, which by habit
are {o intimately affociated with the objects
of touch, as not to be feparable in the or-

dina:}f
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dinary exercife of the underftanding ; from
which affociation arifes that almoft infur-
mountable perfuafion, that the thing which
we fee and the thing which we touch are
one and the fame.

- Burt that externality which the mind is fo
accuftomed to confider as relative to itfelf,
is; in faét, ‘only a relation among the vifible
objects themfelves. . We form a conception
of  the body!from what we fee; but. this,
equally. with other vifible objects, is only a
projection on the retina, and the remotenefs
or externality of an object is nothing more
than its fituation with refpect to this wifible
part of ourfelves.

BuT it 'will perhaps be faid, Since it is
allowed that the theory now advanced will
make no change in the demonftrative part
of the fcience of optics, to what purpofe is
it brought forward, and what advantage to
{cience will arife from it?

3 To
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"To this I fhould anfwer, that it is and
muft ever be of importance that we thould
entertain correct notions concerning the ope- -
ration of the fenfitive faculties; and though
no immediate advantage to the fciehice of
optics may at prefent refdlt from 1t, yet it
is a fa in the general philofophy of the
human mind highly worthy of notice, and
from which various important deductions
may probably be made refpecting perci-
piency in general. The prefent, however,
is not the time for purfuing the fubje& in
that line,

BuT there is one queftion which has been
much agitated among optical writers, in
which the pofition juft proved will certainly
apply to fome advantage; the queftion is
this, Why do we {ee objects ere¢t by means
of inverted images? Every one rﬁuderate]y
read in optics muft know how much this
queftion has occupied the attention of op-
tical writers; but if we admit the theory

now
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now flated, the queftion itfelf vanifhes ;
for it implies what is not a fact, namely,
that the external objects are {een, and not
the images ; but the truth is, that the images
are not inverted, for the objeéts we {ee are
eret, and thefe, it has been fhewn, are the

images,

THERE is a folution of the above quef-
tion by Dr. Reid, on which I fhall make
a few remarks, becaufe the author draws
~ from it a conclufion which I conceive to be
altogether inconfiftent with the nature of vi-
fion; which 1s this: ¢ that if the projections
‘¢ on the retina had been the reverfe of what
¢ they now are, the mind would have feen
“¢ all objes in an inverted pofition.”” "This
author has laid it down as a law of nature
_ in vifion, that we fee obje@s in the direc-
tion of a line pafling from the picture on
the retina through the centre of the eye ;
and by this law of nature he folves the

queftion ; fince the lines thus pafling from
the
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the extremities of an obje@ projected on
the retina muft of courfe crofs each other.

But this is rather to cut than to loofen
the knot ; it is only faying that we fee ob-
jeéts erect in confequence of a law of na-
ture ; and when this law comes to be ex-
plained, it only exprefles the fact itfelf in
other words.

By a law of nature in vifion I can only
underftand fome original mode of action
arifing from the ftructure of the organ, and
its natural effe@ on'the mind ; and not thofe
habits of affociation which are founded on
cuftom and experience. Thus, the habit
of aflociating the notion of diftance to cer-
tain vifible perceptions, though general
throughout mankind, cannot with ftri& pro-
priety’ be termed 'a law of nature in vifion,
becaufe ‘it does not arife from any circum-
ftance in the ftru@ure or conformation of
the eye, nor is it deducible from any known.

I prin-
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_ principle in optics, but is founded on expe-
rience, or on the habit acquired of com-
bining tangible with vifible notions; and it
is very poflible, that a human being with
perfect eyes might be placed in fuch circum-
ftances as never to acquire this experience,
and confequently never to unite to his vifible
perceptions the notion or conception -of dif-
tance in a line from the eye; and fince the
direCtion of an obje&t from the eye implies
this kind of diftance, and is indeed a mo-
dification of it, it cannot be faid that we
fec objects in any direction from the eye
in confequence of any law of nature in vi-

{ion.

WEe know by experience, that an object
is only feen clearly and diftinctly when the
projetion falls on a certain point of the re-
tina, generally fuppofed to' be its centre.
This point is the centre of the field of view,
and the vifible place of every other object
is determined by its fituation on the retina

relative
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relative to this centre; and from the habit
of directing the eye upwards or downwards,
or to one fide or the other, in order to bring
an objet on the centre of the retina, that
it may be diftin@ly feen, is derived the
notion of direction from the eye. To /look at
an objett is only to bring the projection on
the centre of the retina. Dr. Reid’s folu-
tion therefore only amounts to this, that
objects appear erect from the habit of judg-
ing them to be in a certain dire¢tion from
the eye; which 1 conceive to be only ex-
prefling the fa& in other words; the quef-

tion is, What is the foundation of this
judgment ?

EverY one knows that inverfion is only
a relative term. One individual figured
object exifting in abfolute fpace, whatever
might be its fituation, could never.be in an
mnverted pofition fo long as it remained
fingle ; two objects at leaft are neceflary to
give rife to the relation of inverfion; and

the
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the fame holds true of a whole fet of ob-
-jé&s, which, while retaining their proper
relative ‘pofition among themfclves, could
never be inverted, whatever might be their
pofition in abfolute fpace. Here fome other
obje&, diftinét from the fet, would be ne-
ceffary to ferve as a ftandard of comparifon,
‘or in refpect to which the other might be

inverted.

BuT the whole of vifible nature cun[gg
of a fet of figures projected on the retine,
made perceptible by the {enfation of colour,
which, fo long as they preferve their rela-
tive pofitions among themielves, cannot be
inverted. We call that the upper part which
is toward our head or toward the fky, and
that the 'lower part which is toward our'feet
‘or the ‘ground ; and the fame with refpect
‘to the right or left hand. But this head or
‘this {ky, or the ground or our feet, and the
right or left hand, are equally vifible objects
'projeted on the retina. That object is

erect
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“LeT us now fuppofe, for the thing is
pofiible, a perfon to be confined from his
‘birth in one puﬁtic’-n._: his limbs and head
to be made immoveable, and all intercourfe
with beings fimilar to himfelf to be abfo-
lutely precluded. Such an one, his eyes
being perfe and his fight free, would have
the fame vifible perceptions as another; and
whatever may be truly called laws of nature
in vifien would take place in this being;
but as he could not, in this fituation, ac~
quire the habit of combining tangible no-
tions with his vifible perceptions, thefe laft
muft confequently remain feparate and in
their original form. Such a being would
perceive a conftant fucceffion of vifible ob-
je&s appearing and vanithing from fight
after various modes. The diminution of
apparent magnitude, the various gradations
of light and thade, and other circumftances
which to us fuggeft diftance, would to him
be only a variation of appearance. He

would have no notion of the figure of his
own
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own body, or of his own eyes confidered as
the inftruments of fight; and every thing
would feem to him as within himfelf. The
pofition of objects would be in his appre-
henfion. only a relation among themf{elves,
but no relation in refpet to himfelf as the
percipient ; the diftance of one object from
another would appear only as a diftance on
the fame furface ; but of diftance or direc-
tion from Azmfelf he would have no idea.

But this being would fee all objeéts
erect ; that is, he would fee them in their
true relative pofitions in refpe&t to each
other. If he {aw a tree, he would fee the
trunk toward the ground and the branches
toward the fky. If he faw a man, he
would fee his feet on the ground and his
head in the air, m the fame manner as we
-do., The obje¢ts on his retine  would
occupy the whole of vifible fpace. And
in order to form the notion of inver-
fion, {fome object diftin from the things

G 2 he
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he faw would be neceffary, in refpe@ to
which they might be inverted; but fuch
a notion he would not be able to form ; and
all this would equally take place, whatever
might be the real original pofition of thefe
objelts ‘on his retinee, whether vertical, in
cither direction, or horizontal or oblique ;
for, the pofition of the objects being merely
a relation fubfifting among themfelves, and
no relation in refpeét to the mind which
- perceives them, it follows, that fo long as
they preferved their true relative pofition
in refp-e& to each other, they muft appear
to the percipient -in their proper or erect
~ fituation 3 for there can be no inverfion of

an entire fet of objects in abf{olute fpace.

WueN Dr. Reid then concludes, that
if the objects had been originally all pro-
je@ed on the retina in a fituation the reverfe
of what they are now, they would have
appeared to be in an inverted fituation, I
think he totally mifapprehends the matter;

for,
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for, the ereCtion or inverfion has no depen-
dence whatever upon the abfolute pofition
of the whole fet of objects. And had this
been the order in which nature had placed
the obje@s on the retinz, the notions of
touch would, by experience and habit, be-
come regularly affociated to this order of
appearance ; for the body and limbs would
in this cafe have the fame relative pofition
in refpect to the furrounding objects as they

have now.

Ir it were required, for inftance, to reach
an object from the ground, or from above
the head, we fhould of courfe extend the
hand toward the place where the object ap-
peared to be fituated. If an object were
fituated on either fide of us, we fhould, in
order to reach it, naturally extend towards it
that hand which appeared to be on the fame
fide as the object. |

Uron the whole then it appears, that opti-
cal writers have perplexed themfelves in folv-

G 3 ing
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ing a difficulty of their own making. The
notion of inverted images is founded on com-
paring the {ct of objects which we do fee
with an imaginary fet of things which we
do not fee. If we could fec the objeéts as
they would appear projected in the eyes of
a living body, we fthould fee them inverted
with refpe&t to thofe we faw direct; but,
as has been already noticed, the things we
fhould fee in this cafe would not be the real
proje@ions in the eye of another, but a mi-
nute fet re-projected on our ownleyes; and
fince it follows from the common laws of
projection, that thefe minute objects would
appear in. an order inverted in refpect to the
- real projections in the other eye, we muft
allow, if we call the former inﬁerted, that
the real projections would be erect.

ANOTHER queﬂic}n in vifion which has
been at leaft equally agitated with the former
1s, How we are to account for feeing objects

fingle with two eyes ?

IT
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IT is a well-known fa&, that in order
that the fingle appearance fhould take place,
it is neceffary that the eyes fhould be in a
certain pofition in refpet to the obje&, or
that the projetions of the fame obje& on
cach retina fhould fall on certain points,
which optical writers have called corre-
{ponding points ; and this correfpondence
has by fome been attributed to cuftom
and experience, and by others confidered as
the confequence of fome original law in the

human conftitution.

Dr. Wells confiders the fingle appearance
as the neceflary refult of a law whereby ob-
jects appear to lie in a certain line of direc-
tion ; which law is fuppofed to affect cach
eye when ufed fingly, in the fame manner
as when the two are ufed conjnint]}t;' n
confequence of which law an objett in a
certain fituation, appearing to each eye to
lie in the fame line of dire&ion, muft of
courfe appear fingle,

: G 4 THIs
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Tuis theory of vifible direction and its

confequences will form the fubject of the
following Sections *,

* Having throughout the foregoing acconnt of vifion
{poken of the tangible objeéts as being real and external;
I might perhaps be aiked by certain perfuns, on what ground
externality or reality can be aitributed to the tangible, rather
than to the vifible obje¢i? Dut the difcuflion of this queftion
would lead us into the depths of abftrufe, metaphyfical rea-
foning, and is foreign to our prefent purpofe. I am fenfible
that the principles of Dr. Berkeiey and Mr. Hume refpecting
material exiftence are adopted by feveral perfons of eminent
talents in the prefent day, and 1 belicve are daily gaining
pround. However, 1 conccive that what has been Lere
advanced refpecting vifion is not affected by this queftion
which ever way we take it. Thev who embrace the ideal
fyftem muft allow that there is a certain procefs of nature
in vifion whether the objets concerned in it have any per-
manent exiftence independent of the mind or not. The
tangible objett ; the rays of light; the projetions on the
retine are not abfolute non-entities: they are certain things
cognizable by our facuities, whatever may be the nature of
their abfolute exiftence; and to thefe philofophers I fhould
fay, that optical writers in general explain the vifible objedt
as having a relation to, and conneftion with, one part of the
procefs, namely, that which we in general confider as the
external object, whereas I confider the vifible objed as
being connected with, and dependent upon, a different part
of the procefs, namely, that part which we call the projec-

tions on the retinz.

SECTION
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SECTION" 1TV,

Dr. Wellss Theory of Vifible Direliion
exaiiined, and the Queflion, Why Qbjelis
appear Single to Two Eyes 2 confidered®.

I NOW propofe to examine the theory of
vifible dire@tion laid down by Dr. Wells,

and particularly to confider whether it really
affords an adequate folution of the queftion,
Why objects appear fingle when feen by both
eyes?

* NoTwITHsTaANDING the doftrine I have myfelf laid
down, refpetting the true nature of the immediate objeéts of
fight, I find myfelf in fome degree under the neceflity of
conforming at times to the general mode of expreffion, and I
give this notice, in order to prevent fuch inftances from being
brought againft me as a contradiétion of my own doétrine.

Privosorny in general would require, equally with the
fcience of chemiftry, a new nomenclature and a new conftruc-

tion of phrafes, if we would exprefs ourfelves with ftrict
accuracy. ;

1 HAVE
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I nave hitherto confidered it as a fad in
vifion, that objects appear united when their
projections fail on the centers of the retinz,
or on points fimilarly fituated with refpect to
the center; but it may be neceflary to obferve,
that in {peaking of the center of the eye, or of
the retina, and of fimilar points, I do not
conceive that abfolute geometrical accuracy
is required ; for true geometrical figures are
mere creatures of the mind, and have no ex-
iftence among external objects: An abfo-
lutely perfect {phere or cube is nowhere to be
found in nature. It will, I apprehend, be
generally allowed, that in a found ftate of
the eye the point where the optic axis termi-
nates on the retina may in refpect to fenfe be

confidered as the center* ; and [ {hall adopt
| the

* WaeEN we confider the ufe of the eye, there appears
reafon to fuppofe it adapted with no fmall degree of accuracy to
its peculiar fundtions ; and I conceive it to be probable, from
the nature of the eye confidered as an optical inflrument,
that the ray of light which paffes perpendicularly thro'ugh the
center of the cryftalline comes to it unbent, and is in faét

the true optic axis. If the obfervations of anatomifts are
feunded
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the definition of the optic axis which Dr.
Wells has laid down. If the termination of
this axis on the retina is not precifely the
center, ftill I conceive that the law of vifible
diretion mentioned by Dr. Smith and by
Dr. Reid, will not be affected by {uch
trifiing deviation from firict geometrical pre-
cifion. Itisa fa&, that points whofe pro-
jections on the refina dre tHe terminations- of
thefe axes, appear united ; and the queftion I
mean to confider is, Whether this apparent
union is the caufe of fome law of vifible
direclion _from the eye 2 or, Whether it refults
from fome original property independent of

any fuch law of vifible direction ?

founded on experiments made on the eyes of dead animals,
the precife form thus determined cannot, I think, be depended
upon. However, it feems an acknowledged fact, that there
are certain points of one retina which cerrefpond with certain
points of the other; infomuch, that the objeéts projected on
thefe points re/pectively appear united: the correfpondence of
the points I conceive is founded on this property of producing
2 fingle appearance, and not a firit geometrical fimilarity.

I pER=
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I pERFECTLY agree with Dr. Wells in re-
jecting the opinion of Dr. Smith, who de-
rives the union of thefe points, or the fingle
appearance, from cuftom or the habit of
correcting vifible notions by the knowledge
acquired from the fenfe of feeling; and I
fhould think it a fufficient objection to this
folution to fay, that if the fingle appearance
is founded on a knowledge of the unity of
the external obje, derived from the fenfe
of feeling, a fingle appearance ought not to
take place when we previoufly know there
are two external objects; but it isa well-
known faét, that two diftin¢t fimilar objects
may, in a certain fituation of the eye, be
made to appear as one ; hﬁwev;:r, indepen-
dent of this, there are various other infur-

mountable objections to this folution.

THERE is an experiment refpecting the
fenfe of feeling, which has frequently been
adduced as an inftance of fallacy in that fenfe
of a fimilar nature with the fallacies of

fight ;
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ficht *; I mean the double {enfation occa-
fioned by feeling any object, as a button or
a marble, with the oppofite fides of two
contiguous fingers laid acrofs; but this fup-
pofed fallacy is founded on the inaccuracy
of our conceptions refpecting the unity of
an objeét ; for, to fpeak firictly, the diffe-
rent parts of an extended object are really
different things; and it is impofiible to feel
the fame thing at the fame time with two fin-
gers, becaufe two fingers cannot at the fame
time be applied to one and the {ame part of
any object. [

THE circumf{tance which in our judgment
conftitutes the unity of an obje¢t has, in
this cafe, no relation whatever to the {enfa-
tion. Let a marble be firft felt with the
fingers crofied, and in this fituation the op-
pofite fides of the marble are what we feel

with the different fingers. Now, {uppofe

* THis circumftance is mentioned by Dr. Smith in his
Svitem of Optics.
; 1 the
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the marble to be cut into two parts, and let.
each part be felt refpe&tively by the fame
fingers as before, uncrofled ; in this fituation
we f{hould not {cruple to fay, that we had a
fecling of two diftinct things ; but what we
feel now are precifely what we felt before ;
and I find, that when feeling an object with
my fingers ftretched apart, but not croffed,
I can, with a fmall degree of attention,
catch the fame notion of duplicity as when
the fingers are crofled ; the truth is, the fal-
lacy lies in the judgment we form of the
relation which the parts felt by the different
fingers have to cach other. But in the cafe
of fingle vifion the circumftances are entirely
different ; for here the very fame points of
what we call the external or tangible object
are feen by each eye. I have adverted to
this fact refpecting the {enfe of touch, as
- ferving to fhew how apt even perfons accui-
tomed to deep inveftigation are at times to

think with inaccuracy.—But to proceed.

Dr.
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Dr. Reid is of opinion, that the apparent
union of the centers and fimilar points of
the retinz is the confequence of fome origi-
nal law of our conftitution ; in which doc-
trine I am inclined to concur, for reafons
which will be hereafter mentioned. To this
opinion Dr. Wells objects, that it ftands in
oppofition to a very extenfive analogy, which
teaches us, that when two organs of a fimilar
kind are found in the fame individual, the
correfponding parts of fuch organs are found
to be at equal diftances from the plane
of partition ; agreeable to which rule, in-
ftead of a correfpondence between points
fimilarly fituated on the retinee with refpect to
the center, we fhould have a point on the
right fide of one retina correfponding with
a point at an equal diftance from the center

on the left fide of the other retina. |

THIs objection, however, appears to me
to have little weight ; but while I fay this, I
muit confefs that my knowledge in anatomy

15
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1s too limited to render me competent to a full
difcuffion of the queftion. There is, how-
ever, one circumftance re{pecting the human
eyes which, I think, may account for what
Dr. Wells terms a violation of a very ex-
tenfive analogy ; this is, the parallel motion
of the eyes. If we extend the analogy men-
tioned by Dr. Wells to the motion of fuch
fimilar organs, we fhould naturally expect
that it would be in oppofite directions; that
when one moved to the right the other thould
move to the left, in order to preferve an equal
diftance from the plane of partition ; but we
know that there is a law of motion in the
eyes diretly contrary to this ; and that when
one moves fo as to increafe the diftance of
the centre of the retina from the plane of
partition, the other at the fame time moves
in fuch a manner as to caufe the centre of

the retina to approach this plane.

T unpERsTAND there are fix mufcles be-

longing to each eye which regulate their mo-
tions,
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tions, of which four are called ftraight, and
two oblique mufcles. Now it appears to
me, that, agreeable to the rule here mentioned,
we ought to expe& the correfponding
mufcles to act at the fame time, the external
ftraight mufcle of one to a&t with the ex-
ternal ftraight mufcle of the other eye, and fo
of the reft; andin that {et of motions which
regulates the inclination of the optic axes to
each other, this really does take place ; but
in the more general {et of motions by which
the eyes are carried together to the right or
to the left, the external mufcle of one acts
with the internal mufcle of the other: and
if it could be thewn, which 1 apprehend is
probable, that in general where there are dou-
ble organs, the correfponding parts of fuch
organs act together, there would then appear
-a reafon, drawn from the nature of the func-
tions of the eyes, for departing in this in-
ftance from the general analogy. To this
‘we may add, that if fingle vifion be the con-

fequence of an united impreflion or fenfation,
H which
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which is at leaft a probable fuppofition, the
general laws of optical projection require,
that this property fhould refide in points,
which do not agree with that rule of corref-
pondence which takes place in other double
organs whofe functions are different: and
thefe confiderations appear to me {ufficient
to invalidate the arguments & priori which

Dr. Wells has founded on analogy.

Witn refped to thofe derived from the
confequences of Dr. Reid’s theory, I have
but little to obferve. The firft is founded
on that writer’s notion concerning vifible
place, in which I totally differ from him 3
original vifible place does not include either
diftance or direction from the eye. In re-
gard to the fecond, it will, I think, appear
that the facts are in favor of Dr. Reid, and
that an object at reft does appear to move
as feen by one or the other eye alternately,
of which more will be faid hereafter. ‘The
third objection relates to a cafe of {quinting,
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on which I am not competent to {ay much,
never having had opportunities of making
obfervations on fuch cafes; but conceiving
them to be anomalous fubjects, I thould not
confider it as making againft the general
docrine, even if it thould be found, that
the points where the optic axes terminate in
fuch eyes do not appear united ; and indeed
this cafe is no more to be reconciled to the
theory of Dr. Wells than to that of Dr.
Reid. Having made thefe remarks on the
objections brought by Dr. Wells againft the
theory of an original correfpondence between
the centres and fimilar pai}lts of the retinz,

we may prncev:d.

ONE important obfervation which occurs
on the outfet of an inquiry concerning the
caufe of fingle vifion is, that it can be no quef-
tion with any who maintain that we fec exter-
nal objects, or ideas correfponding with fuch
objects ; for if we {ee external objects, and
thofe objes are fingle, we muft neceflarily

- T Tl fee
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fec them fingle; that is, we muft fee them
as they are, independent of any number of

eyes.

Ir the mind is endowed with a power of
perceiving external things, the mode of per-
ceiving can make no difference in the thing
perceived ; the number of the organs concern-
ed cannot increafe the number of the things
to be perceived, and it muft be impoflible to
fee two things where there is only one thing
to be feen. What has been obferved in the
preceding Sections renders it needlefs to
dwell on this pofition here; and indeed it
carries its own evidence on the face of it.
But confidering the projections on the retinze
as the direct objects of vifion, it becomes a
rational and philofophical queftion, Why,
in a certain pofition of the eyes, the two pro-
jections appear united as one, or feen under
the fame outline ? and I profefs myfelf to be
one of that clafs mentioned by Dr. Wells,
which confiders fingle vifion to be the con-
fequence of an united impreflion or fenfa-

tion ;
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tion ;. and though it may not be poflible to
produce fuch evidence for this opinion as
may amount to abfolute demonttration, yet
I think it may be fhewn, that there is
nothing in this new theory to fet fuch a
notion afide; and that the evidence for it is
{uch as to render it, if not certain, at leaft
highly probable.

~ T'ue folution of our author makes the phe-
nomenon of fingle vifion the confequence of a
certain law of vifible direction; but I afk,
may not the apparent union of the object be
the original fa&, and this law of vifible di-
rection a certain confequence of fuch united
appearance ¢

To account for a phenomenon in nature
is to trace it up to fome law more general
than itfelf, and of which the fa& is one nc-
ceffary confequence ; thus, water rifes in a
pump from the fame principle by which a
ftone falls to the ground, or by which water
defcends in rivers to the fea; that is, from

H 3 the
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the general principle of gravitation. But
this law of vifible direction, admitting it
to be juft, is not more general than the fact
it is brought to explain: it is indeed lefs
general ; for the apparent union of the optic
axes may be confidered as being only one
inftance of the general fingle appearance of
objelts,

-~ Ir it could be made to appear, that the
fame feeming diretion of objects, placed in
either optic axis was the original law, we
might then confider the united appearance of
objects as the confequence of fuch ]aar;w. But,
on the other hand, if the appareni union of
objects projected on certain points of each
vetina is the original fact, the various cir-
cumftances of feeming direétim‘:s, may be
deduced from {uch united appearance.

Waitnr circumftance then is prior in the
order of things? Was there ever a time
previous to the acquifition of certain habits
of judging, when objects did not appear

fingle
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{ingle even in that pofition of the eyes in
which we now know that they do? If this
queftion could be anfwered in the affirma-
tive, it might go a confiderable way towards
eftablithing the theory of Dr. Wells as an
adequate folution of the queftion refpecting
fingle vifion ; but we have every reafon to
fuppofe the fat is otherwife ; circumftances
will be mentioned in the fequel which
tend to prove that the fenfation is united ;
and we know that the young gentleman
couched by Mr. Chefelden, on firft re-
ceiving his fight, faw objects fingle, though
he thought all things touched his eyes, and
therefore could not fee them in any direction

from the eye.

But of vifible diretion we may {peak
with more certainty ; this being a modifi-
cation of diftance from the eye, and necefla-
fily implying it: but it is generally allowed
that fuch diflance or the third dimenfion is no
direct original perception by fight, and con-

H 4 fequently
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fequently the notion of dire&ion from the
eye muft alfo be acquired. 'There is, how-
ever, a paffage in the Effay on Single Vi-
fion which feems to imply, that the wri-
ter admits diftance in the abftra& to be
an original perception by fight, conceiving
the meafure or quantity of fuch diftance
only, as not perceivable. ‘The paflage is
this: ¢ If diftance be not immediately per-
“ ceivable by fight, the only manner in
“ which an original property of the eye
* can affet the vifible places of bodies is
“ by occafioning them to appear in certain
¢ directions *, &c.’”> 'This evidently ime
plies that vifible direction, which is a modi-
fication of diftance, is the confequence of
fome original property. But this is contrary
to the general opinion of writers on this fub-
je&, who hold that the third dimenfion can-
not be an original object of fight; fince the
projection of the whole optic axis is merely

% Essa¥ on Single Vifior, p. 27.
i} 1 4 f 4a ﬁﬂg!(‘.



tms]

a fingle point, and the notion of externality
and remotenefs is the refult of experience,

and acquired by degrees.

Ix the laft Section we imagined a being
to have been kept from his birth in fuch a
fituation as to have no opportunity of com-
bining tangible notions with his vifible per-
ceptions. Such a being as is there fuppofed
would have no conception of eyes as the
organs of vifion, or as having any relation
of direction in . refpet to vifible objedls.
He would have no notion of the remote-
nefs or externality of the obje&ts he faw,
but every thing would appear as within
himfelf, and the whole fet of objeéts would
appear as figures varioufly coloured on a

plane furface,

OricinaL vifible place neither includes
diftance in a line from the eye, nor direc-
tion FROM THE EYE ; but is the relative
pofition of the objet on a plane, in refpect

io
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to other vifible objets, and is to be efti-.
mated by its diftance and dire&ion, not
from the eye, but from fome other object in

the fame plane,

Every perfon acquainted with optics
and the nature of vifion knows, that what
i1s generally comprehended under the term
fecing, is a complex operation; an art ac-
quired by degrees, in which judgment and
imagination are concerned together with
fimple perception. It has already been
fhewn, that the obje&ts which we a&ually
fee are only the projections on the retinz.
'The laws of projection of folid figures on
a plane furface have been accurately invef-
tigated, and conflitute the fcience of per-
{pective ; and the art of feeing may be con-
fidered as a fort of anti-perfpective, or the
re-projetion or throwing out of points
and lines from a plane into diftance and fo-
lidity ; an art which we begin to practife
from the earlicft infancy, and whofe firft

m-
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imperfe@ beginnings are beyond the utmofk

reach of memory.

THE projection of each optic axis 1s a
point on each retina, on or nearly on its
centre, and if thefe points are, as I fuppofe,
united in the mind by fome original law of
our conftitution, forming only one percep-
tible point, the re-projection, as mentioned
above, muit in that cafe be one line. * And
fince this re-projection is not a dire¢t ope-
ration of fight, but of fome other faculty,
that is, as direction from the eye is only
adjudged, and not feen, it appears to me,
that to fay the optic axes appear united in
the common axis, is only another mode of
exprefling the apparent union of the objeds,
or of the central points of the retinze : in one
cafe, we confider the fingle appearance as
the confequence of the two objects occupy-
ing precifely the fame place on the wvifible
plane ; in the other cafe, we confider the
objeéts as thrown out into diftance from

the eye ; and then we conceive the two as

ap-
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appearing in the fame direction; and even
if we fhould take up the matter in the
latter form, there would {ftill arife this
queftion, Why do the two optic axes ap-
pear united throughout their whole length ?
which is only another mode of ftating the
queftion, Why do objects appear fingle as
feen by both eyes? But if we thould con-
fider the two circumftances, wznited appear-
ance and feeming diretiion, as being one de-
rived from the other, I conceive it to be
moft confiftent with the rules of found phi-
lofopliy, to confider the latter as the confe-
quence of the former, the firt being an ac-
tual matter of fight and the other an acquired
motion, which is pmpefiy'tn be referred to
fome faculty diftin& from fimple vifion;
and I apprehend that every propofed folu-
tion of this celebrated queftion, which de-
rives the fingle appearance from circum-
ftances which imply externality and remote-
nefs in the objects of fight, muft be erro-

neous and unfounded.
[ PrO-
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) PR{JCEEID to make fome obfervations
on Dr. Wells’s propofitions refpecting vifi-
ble direion ; and I think it will be found,
on examination, that it is only from the
mode of expreflion that this theory is con-
ceived to differ from that of former optical
writers. I fhall adopt the terms and defini-
tions laid down by Dr, Wells, adding to the
former the term opric plane for that which
paffes through each optic axis perpendicular
to the plane in which the optic axes and

common axis lie.

Every one knows that diretion is a re-
lative term, and that the fame obje&t may
have various direCtions as eflimated from
different points ; the direction of one point
may alfo be relative or abfolute with refpect
to fome other point, and either of thefe may
vary while the other remains fixed. When
we {peak of the direction of an obje@ from
ourfelves, or from the ceye, we muft confider
the eye as a point, and, conceiving fome

other
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other point at a diftance, to which a right
line may be drawn from the former, all ob-
jects in this line, or every point in it, will

have the fame direction from the eye.

In eftimating vifible direction we gene-
rally have refpet to the optic axis; we con-
fider that point which we fee moft dif-
tin¢tly, or ‘to which we, immediately direct.
our fight, as being directly before us, and
it is with refpe& to this pc::int that we efti-_
mate the direction of others, as lying to the
right, or to the left, above, or below, &c.
Suppofe three {pots upon a wall at the dif-
ftance of a foot from each other; when we
look direct at the middle {pot, we conceive
the others to be, one on the right, and the
other on the left of the eye; when we look
direct on the left fpot, we confider the other
two as on the right of the eye; and when
we look at the right fpot, the other two
appear to be on the left of the eye: but the
abfolute dire&i?n of each fpot from either

€yc
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eye remains the fame in every circums-
ftance. In fhort, the centre of the field of
vifion is the point with refpect te which we
eftimate vifible direction ; a point which, in
all the variety of abfolute direction, preferves
always the fame relative direGtion from the
eye or eyes. But we may here remark, that
we have no perception of our own eyes as
the organs of vifion ; nor have we originally
from nature even a confcioulnefs that we
{ee with double organs; it is impoflible that
our eyes can become objects of fight to our-
{elves; and in eftimating vifible direction,
their {ituation is only a matter conceived in

the mind.

Ler. ABCD fig. 1, reprefent an eye,
and let C be that point on the retina where
the projeGtions are moft diftinctly formed ;
and let P be any diftant point whofe pro-
jection on the retina would be on the point
C and join C P; then will C P be the optic

axis, agreeable to the definition of Dr.
Wells ;
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Wells; in which, I apprehend, Dr. Reid
or Dr_.{Smiih would concur. Whether
this poin} C be or not the precife geome-
trical centre of the retina, or whether the
line CP does or does not pafs with ftrict
aecuracy through the centre of the eye, are
circumftances which will not affect . the

- - . st
queftion we are confidering.

LeT O be fome luminous point in the
optic axis or line C P, from which a pencil
of rays is fuppofed to iffue covering the
Pupfl ED, and which we know will be
colleted on the fame point C*, Now,
what Dr. Smith and Dr. Reid have faid re-
{pecting vifible direction is this : that the
point O will not appear either in the direc-
tion of the ray CE or of the ray CD, or
of any intermediate ray between thefe and

the ray C O; but that 1t will appear in the

* TrE point O is fuppofed to be at fome diftance from
the eye; if it were near, the point C would lie beyond the
retina, but ftill in the optic axis produced.

diretion
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dire&tion of this central ray CP or CO,
which Dr. Smith calls the vifual ray, and
which in this cafe is the optic axis; and
this, I fuppofe, no one will deny ; for, what
is the circumftance which conflitutes the
being feen in this direction? It is the vi-
fible coincidence of the points O and P:
the line CP is the optic axis; and if the
point O did not appear in the direion of
this line, it could not be feen to coincide
with the point P, but muft fubtend fome
angle with it at the eye; and it is of no
confequence in what part of the line CP
we take the point P, whether at the fup-
- pofed concurrence of the two axes, or on
either fide of that point; it will ever be in
the optic axis, and the projection of every
point in this line will be on the fame point
C of the retina, and every other point which
is feen to coincide with the point P muft
appear to be in the optic axis. To this
ftatement of Dr. Smith’s theory of vifible

I direétion
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diretion I conceive no objection can be
made *.

LET us next examine the leading propo-
fition of Dr. Wells, ¢ that objects fituated
‘“ in the optic axis do not appear to be in
‘¢ that line, but in the common axis.”” And
it appears from what is faid on this {ubject,
that the author confiders this law of vifible
direction as affeCting each eye {eparately
and independent of the other; and to hold
equally, whether the object is feen by one
eye at a time or by both.

THurs propofition certainly appears to be
direétly contradictory to what we have been
confidering above ; let us then try if we
can find any means to reconcile them +.

In

* I wave only confidered here the optic axis; but it is ob-
vious that the fame reafoning muft apply to the central ray
of any other pencil of rays, the projection of every point of
which will be on the fame point of the retina,

+ TaEe lines which Dr. Wells calls the optic axes are not
ftrictly fo; for the real optic axes are only apparent points;

but
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In fig. 2, let the two eyes be reprefented
at A and at B, and let the axes interfecting
each other at the point P be determined as
before ; join D D' the centre of the corneas,
and from P draw the line PM to the mid-
dle of the line DD ; then will PM be
what Dr. Wells calls the common axis.
Now, we know that the whole of the lines
AP and BP, or that every point in them, will
be projected on the refpective retinz at the
fame point C#*, and confequently cannot ap-
pear as lines, but will form only vifible points ;
whereas the common axis P M will be pro-
jected as a line on each retina, and will there-
fore be to each eye a vifible line. To fpeak -

but a line drawn from the point of interfection of the axes,
in what 1 have called the optic plane, though fomewhat
above or below, may be taken for fuch, without affeting
the conclufions; and I fhall take the fame liberty of calling
fuch lines the optic axes,

* Here again I obferve, that the points of the axis near
to the eye are not accurately projected on the point C, but
on a point lying beyond the retina in the axis produced; but
this circumftance does not any way affect the reafoning here

- ufed.
12 ftrictly,

el
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{trictly, then, if an objeé fituated in the real
optic axis does not appear to be in it, but
to be in the common axis, fuch obje®t muft
appear to be where the common axis appears’
to be ; but if we fhould take the propofition
in this fenfe it will not hold to be true. Or,
again, we may fay, that if an object or a
point does not appeaf to be in the optic
axis, fuch object or point cannot appear to
coincide with the point P, which is avow-
edly in fuch axis, and then again the pm‘—
pofition will not hold.

Tue truth then I conceive to be this :
it is not that a point fituated in the optic
axis appears to be out of fuch axis; but it
is the optic axis itfelf which we conceive
as lying in the dire¢tion P M ; and the pro-
pofition might, I think, have been better
éxpreﬂéd by faying, that the two optic axes
appear united in the line PM ; for in the
experiments mentioned by Dr. Wells with
different-coloured f{trings, it is certainly the

line
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line CP, or the optic axis, which we fee,
notwithftanding it feems to us to be fituated
in the line M P ; and, again, that is really
the middle line M P which we conceive to
be in the fituation C P; and that line which
we are dpt to conceive of, as being one of the
optic axes, fay the right, is in truth @ line
which has no refpec whatever to the right'
eye, but is the common axis or linéfi M:Pas
feen by the left eye *. -

It would, perhaps, tend to ‘render ‘my
meaning clearer if we confider one eye-only 5/
and if it fhould be faid, that objects fitu-
ated in the axis of this eye do not appear
to be in it, I would afk, In what line do
they appear to be? or, If that “is not -the
optic axis which we fee, nntwithi’cﬁndiﬁg
we conceive it to be in the fituation M P,
which is! the optic axis as feen_by this one
eye? and we certainly'fhall find, that there is -

no other line, that we can conceive as feen

* See the 2d propofition in the Effay on Single Vifion,
&c. page 46. 8

'3 by
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by this eye, which can have the charalte-
riftic property of the optic axis, which is,
that every point of it fhall be projected on
the fame point C of the retina. |

. TuEe difference then between the two the-
ories appears to me to lie in an ambiguity,
the one f{peaking of an external line, the
other, of a conceived or apparent line. = But
. I repeat what I have faid before, that no
-point can properly be faid to appear out of
the axis which is feen to coincide with the
point P, which is cunfeifedly in the axis ;
and the two theories may, I think, be re-
conciled, if, inftead of confidering points
fituated in the axis as aPpea.ring out of it,
we conceive the whole axis itfelf as having
a certain apparent fituation. Howe_v;ﬁ:r, I Ia)r
no. great ftrefs on this ; for the circumftance
of fingle vifion is, as I conceive, perfeétly
independent of one or other of thefe theories,
or, indeed, of any law of vifible direction
whatever.

4 qaspomm b o6t ARID
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Anp what, after all, is this apparent co-
incidence of the optic axes, but one inftance
of the united appearance of objects? And
as {uch, how can it afford an adequate f{olu-
tion of the general queftion ? We may fhill
alk, Why do the optic axes appear united
throughout their whole length? A queftion
which remains unfolved by any thing con-
tained in the Effay on Single Vifion; for,
to fay, that objecs fituated in the optic axes
appear in the fame diretion to each eye,
is only exprefling the apparent union in other
words. This circumitance has been long
known to optical writers, as is evident from
the conftruction of the binocular telefcope ;
and when we confider that the optic axes
are only apparent points, and confider fur-
ther that the notion of dire¢tion from the
eye, or the habit of throwing points and
lines out into diftance and folidity, is ac-
quired by degrees, it would furely be more
reafonable to derive the apparent dire&ion
from the union of the points, than to confider

the latter as the confequence of the former.

14 SECTION
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SE CT1ON V.

Experiments inconfifient with the Theory of
Dr. Wells.—An Attempt to explain fome
Principles which influence the Notion of
vifible Direction.—Recapitulation.

THE apparent union of the optic axes,
when the eyes are ufed conjointly, does, I
believe, in a found ftate of the organs, ex-
tend to all cafes whatever. But I fhall pro-
duce fome experiments which prove that
thefe axes, as feen feparately by each eye,
refpectively, have a different apparent di-
re¢tion one from the other, and each from
that of the united axes when feen by both
eyes together ; which is directly contrary to
the opinion of our author, who maintains,
that the law of vifible dire&tion which he
has flated, affects each eye when employed

by
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by itfelf, in the fame manner as when it is
ufed conjointly with the other*; and the
folution which this thﬂﬂ;'}r affords of the
queftion refpecting fingle vifion refts en-

tirely upon this circumftance.

IN the third part of his Effay Dr. Wells
mentions fome facts which are inconfiftent
with his own theory, but which might rea-
dily have been accounted for, or even pre-
dicted, from the theory of an original cor-
refpondence between the'points on the re-
tinee where the optic axes terminate., But
this writer, in order to account for thefe
appearances, has framed an hypothefis,
which, though ingenioufly adapted to the
intended purpofe, has not, as I conceive,
a foundation in the nature of things; and
in {ubjects of philofophical {peculation we
muft not reft fatisfied with ingenious hypo-
thefes,

* Essay on Single Vifion, p. 42. 45.

WHEN
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Waen the Author, by looking fteadily
for fome time at a luminous body, had ac-
quired the fenfation of a fpot appearing upon
the face of any object to which he dire¢ted
his eyes, he acknowledges to have expected,
that by forcibly altering the pofition of one
eye, the {pot would have appeared double,
in confequence of a variation in the direction
of the optic axis of the diftorted eye; con-
trary, however, to this expectation, the
fpot neither appeared to be double, nor to
have altered its fituation: but as the ap-
parent fituation of the fpot may be changed
by certain voluntary motions of the eyes,
this Writer concluded, that apparent direc-
tion is dependent on the ftatc of action ex-

ifting in the mulcles which move them.

Ox this I obferve, that the fingle appear-
ance of the {pot would follow, as a neceffary
confequence of an original correfpondence
between the points on the retina where the
optic axes terminate ; for the forcible diftor-

tion
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tion of the eye could not be fuppofed to af-
fe@ fuch an original property. The fpot is a
{enfation or durable impreffion on a certain
part of the retina caufed by a ftrong light
and while the various objeéts projected on
the retina change their pofitions, in refpect
to its centre, in confequence of the forced
diftortion, it is evident, that the affection of
the central part, caufed by the firong fenfa-
tion of light, muft remain as before the pref-
fure of the eye, and the fpot muft therefore
appear united with that feen by the other
eye, wherever it may appearr to be; and
the double appearance of other objeéts rea-
dily follows from the fame fource ; for thofe
objects are, by the preffure of the eye, pro-
truded from thofe fimilar points, which they
before occupied on the retina, and on which
their fingle appearance depends; while the
objects whofe projections now occupy thefe
points will appear to be united with the for-

mer objects as feen by the other eye.
=F

-y
"y
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I PROCEED to ftate fome fimple and plain
experiments that are not to be reconciled
with the theory of vifible dire¢tion which

we have been confiderin g.

EXPERIMENT 1.

‘ArTEeRr looking fteadily for a little time
at any object, for inftance, a lighted can-
dle, at the diftance of three or four feet, let
the eyes be clofed alternately, the objeét
being feen by only one at a time, and it
will appear to have a motion from fide to
fide, {eeming to move to the right when
feen by the left eye, and to the left when
the right is ufed ; and when feen by both
eyes at the fame time, it will appear mid-
way between the two places where it ap-
peared to the different eyes fingly.

Wuen I firft tried this experiment I
clofed my eyes alternately with my-fingers ;
but apprehending it pofiible, that fome de-

. ception
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ception might arife from a motion commu-
nicated to the eyehby the a&t of clofing it
with the fingers, 1 procured two elliptic
pieces of card of about two inches and a
half in length, and two in breadth ; thefe
cards were blacked, and pafted on two {mall
fticks of about eight inches in length to
ferve as handles. With thefe cards I re-
peated the experiment, keeping both eyes
open, and continually direted to the objet,
but alternately placing a card before one and
withdrawing it from the other, when the refult
was as before, and the obje¢t had an obvi-
ous apparent motion from fide to fide. This
experiment I have very frequently repeated
with the fame appearance, and have caufed
various perfons who were occafionally with
me to try the fame, and always with the
fame refult.

EXPERI~
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EXPERIMENT II.

Ler A and B fig. 3, be the places of the
eyes, and P the mutual interfection of the
optic axes when they are directed to the
point P. Draw PM to the middle of the
vifual bafe. Let O be any point or object
in the right axis BP, and join OA and
OM ; then will PM be the common axis,
or the line in which both axes appear to be
united when the eyes are both* directed to
the point P, and OM will be the common
axis when the eyes are directed to the point
O; and, agreeable to the theory of Dr.
Wells, the apparent direction of the points
P or O, when the eyes are refpectively di-
reGed to .them, will be the fame, whether
they are feen by one eye fingly, or by both

at a time.

I prRovIDED myfelf with a thin board
about eighteen inches fquare, on which I
pafted white paper ; this board was fixed on

a ftand
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a ftand fimilar to a fire-fcreen. Through a
{mall hole made in it I paffed feveral diffe-
rently-coloured firings held faft by a peg,
and on each ftring I put a bead of a diffe-
rent colour. 'This formed a very fimple
and convenient apparatus for trying the ex-
periments mentioned by Dr. Wells, as well
as many others.

WirH this apparatus I held one of the
ftrings In the axis of the right eye, or,
more ftritly fpeaking, in the right opti¢
plane fomewhat below the axis, for I held
it with my teeth on the right fide of my
mouth, The bead, which may be repre-
fented by the letter O in the fig. 1 placed
about midway between the eye and the point
P, and held in each hand one of the cards
mentioned in the former experiment. Now
I found, that when the card was held before
the left eye {o as to intercept its {ight, the
bead or point O appeared to have precifely
the fame direction, whether my eyes were

directed
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direGted to it or to the point P. This I
tried frequently, alternately dire¢ting my
eyes to one and to the other, without ob-
ferving the {malleft apparent motion, or any
variation in the dire@ion; but as foon as 1
withdrew the card from before the left eye,
the two being direted to the point O, it
immediately appeared to have a diretion
lying to the right of the former; and on
cnvering the right eye, this diretion became
{till more' inclined to the right; withdraw-
ing the card from the right eye, and cover-
ing the left, the point O refumed its former
fituation ; and thus I tried it for a number
of times with the fame refult, When I al-
ternately placed a card before one eye, at
the fame time withdrawing that placed be-
fore the other eye, the apparent motion of

the bead became extremely obvious.

TuERE is, however, a circumftance which
might lead to deception in this experiment ;
which is, that when one eye only is ufed

we
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we may fuppole the eyes to be directed to
the point O, when in fact 'they dre directed
towards P, which would render the vifible
circumitances, on withdrawing the card from
the other eye, fomewhat different ; in order
therefore to obviate the poffibility of being
thus deceived, I varied the ‘experiment in the

following manner: -

EXPERIMENT, III.

Ox the fereen abové-mentioned T drew a
perpendicular line, in which T made a mark
which we may call P*, and from an arm
fixed to the fick of the fereen, I hung a
plumb-line at the diftance of about eighteen
inches from the fcreen ; on this plumb-line
I fixed a fmall piece of card, on which a
word was written in a fmall character.
This plumb-line, being interpofed between
the eye and the perpendicular line drawn on

* IN fig. 3.
K - the
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the {creen, at a nearly equal diftance from
each, might eafily be brought to lie in either
optic plane, by making it appear to coincide
with the perpendicular line on the fcreen, as

~ {een by either eye.

I now fituated myfelf fo as to caufe the
plumb-line to lie in the right optic plane ;
and when the eyes were really directed to
the point P in the perpendicular, the let-
ters written on the card appeared too. con-
fufed for the word to be legible ; but when
the eyes were really direted to the card,
which in this experiment is the fame as
the point O in the 3d fiz. mentioned above,
the letters appeared diftinc¢t, and the word
was plainly legible ; and by thefe means I
avoided being liable to the deception above
ftated.

Now, when the bl-a{:ked card intercepted
the fight of the left eye, the two eyes being
directed alternately to the point P and to the

card,
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card, the refult was precilely as before, no
motion or alteration of diretion appearing,
whether the eyes were direCted to one or
to the other of the objects lying in the right
optic axis; but as foon as the card was re-
moved, the eyes being dire¢ted to the bit
of card on the plumb-line, or the point O,
its apparent direction appeared to be moved
to the right. When the cards were alter-
nately ufed, the apparent motion became as
before extremely obvious. And it is wor-
thy of remaric, that when both eyes were
held directed to the perpendicular line on the
fcreen, both it and the plumb-line appeared
to have a motion together from fide to fide,
though not in equal degree, the plumb-line
appearing to move through the greater in-
tervals.

In this apparent motion of the optic plane
there would have been nothing extraordi-
nary had it appeared to move on the per-
pendicular line as a centre when the eyes

K 2 WeEIe
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were directed to this line; but in this cafe
the centre of apparent motion lay more re-
mote, and the perpendicular line; as well as
the plufﬁlﬁ'-:line, had an ap'pareht' motion
frﬁm right to left, as ‘onie or the other eye
was ufed.

TH1s experiment may be varied, by
making the obje& in the optic axis, here
fepfeT’entE& by O, a card with a hole in it
about half an inch diameter, and fixed at the
diﬂﬁnce of about two feet and a half from the

; by looking at fome object at a litte
dlﬁance thmugh the hole, the card ma}' be
kept in the optic axis ; and when the eyes
are direéted to it and alt_emate]y covered, the
appdrent motion ‘cannot be overlooked.

sty oy CBXPERIMENT LV,

“Ler'A and B fg. 4; repféfe'nt the eyes,
and the line A B the vifual bafe ; upf}n the
point M, equa]’ly diftant from each eye,
Fe et erect
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erect the perpendicular PM;, in:which-take
the points R, 8, T, at any intervals, and join
AR, AS, AT, and AP, andpalfo BR,
ﬁS, BT, and B P; then willthe line PM
be the common. ﬂxi&-fp'hj];_ the eyes aje fuc-
ceflively directed to:the points R s~.{5.;: T, and
P. Now, agreeable to the. theory, of Dr.
Wells, «the points R, S, T, and B,asthe
eyes are fucceflively directed. to thems ought
to appear to be in the famle diretion,nand
the axes confequently to be at reft, notwith-
ftanding their real-meotion ; and this ought
to take place equally, whether one eye or
both be ufed at a time,  the law: of diréction,
agreeable to this Writer, affecting: each  eye
when ufed fingly, the fame as when both
are ufed Cﬂﬂ]ljnéd}"a jorapi 3pd Y regitl
Onx.one of, #he. =ﬂrjngs.‘-iq the dpparatus al-
ready defcribed, I placed feveral rbm;ls -at.in-
tervals, and heldthe ftring in: ‘the; \common
axis or line: PM. Now, when: both eyes
‘were employed, -and fucceffively directed- to
K 3 “the
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the points R, S, T, and P, each point ap-
peared, agreeable to the theory, to lic in
the {fame direction ; namely, in that of the
line PM ; but when the black card was
held before the left eye, and the two again
:fur:ceiﬁve]}r directed to the points R, S, T,
they appeared each in a different direction,
‘and the right optic axis had an apparent
motion correfponding with its real motion
from left to right.

FROM thefe experiments the following
confequences obvioufly refult :

First, That an object, though fituated
at the concurrence of the optic axes, and
confequently appearing fingle, has a diffe-
rent apparent diretion as feen by either eye
{eparately, or by both eyes conjointly ; and
therefore the fingle appearance of objects in
a certain pofition of the eyes, cannot be the

con-
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confequence of a law of vifible direction
affecting each eye fingly in the fame manne
as when the two are ufed in conjunction.
But, on the contrary, fince the apparent
union of objeéts projeted on certain parts
of the retine, when feen by both eyes, is a
well-known and eftablifhed fact; and fince
an object thus feen fingle has a certain ap-
parent direction, lying midway between the
two {eeming diretions, which the fame ob-
je¢t has, when feen feparately ; it i1s furely
reafonable to confider this intermediate di-
rection as being compounded of the other
two; and as the natural refult of the united

dppcarance,

Seconpry, Different points in the fame
optic axis to which both eyes are alternatf:ly
directed, do not, when one eye is covered,
and they are feen only by that eye. in whofe
axis the points lie, appear to have a different
dire&ion. And fince there is, as avowed
by Dr. Wells, a difference in the ftate of

% 4 action
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a&ion in the mufcles of --thﬁ-eyc which al-
ternately looks at the objects or pui:nts,' it
follows, that ﬁpf::;;rmt direction is not de-
pendent on fuch fiate 6f action in the muf-
cleés ; for, in this cafe, the direction remains
the fame,” while the ftate of action changes.
Biit a.s"théJapparént diréction alters when
tie objedt becothes vifible to the other ‘eye,
without any changc takmg place in the ftate
of ‘a@ién “inf its miufcles, we muft fearch
for the caufe of “this feeming ‘change of di-
l‘ﬂamn, 1n fome 27 1fhible ﬂrrﬂmﬁa#cg affe@-
ihg that cye: by which the point or ubjeét
is Taft ‘fcen; - “WiRm Al 20 D

WITHGUT pretendmg to bring forward
a perfc‘tft theory, which may account forall
the phenomena“of  the feéming direétion of
vifible objés, I thall point out fome of the
cireumftances by which I conceive it to be
mﬂuenced o '

L J J..l. \ﬂ'j 14; - i il " THE



[ =g |

Tae firlt obfervation 1 have to make is,
that, affluming as a fact, the exiftence of
fome original property in thﬁ fimilar - points
of the retine, in confequence of which ob-
jects projected on thefe points appear to be
united, we may from hence deduce the di-
rection of the apparently-united. optic axes
as lying in the common axis; for, the pro=
jéction on the right eye of that line which
we have all along called the optic -axis ¥,
will be. a vertical line pafling thraugh the
centre of the retina; and the projéction of
the left optic axis on the right eye will be
a line extending to the right of the centre,
-and making a certain angle with the former.
Again, in the left eye, the projection of its
axis will alfo be a vertical line paffing
through its centre, and the right axis will

¥ It has already been obferved that thefe lines are not
ftrictly the optic axes.

~ + I muft beg leave to remind the reader of what I have
already faid refpeéting geometrical precifion in fpeaking of
that point which we call the centre of the retina.

be
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be projected on this eye in a line extending
to the left of the centre, making an angle
with the projection of the axis precifely
fimilar to that in the other eye.

Now when, in confequence of the above
Iaw, the two vertical lines or optic axes
appear united, it is obvious that this united
dine muft appear to make equal angles with
the left axis on one fide, {een by the right eye,
and with the right axis on the other fide feen
by the left eye. So far we are clear; but
any attempt to explain all the various phe-
nomena of feeming direction from the laws
of projeétion, muft prove fruitlefs; let us,
then, have recourfe to other confiderations,

In what follows, I fhall call the whole col~
leGion of vifible objects feen at one glance,
or while the optic axes remain in one Puﬁ—
tion, the field of vifion; and this, whether
one eye only is ufed at a time, or the two
conjointly.  This field of vifion originally,

and
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and previous to all experience and exercife
of the judgmént, is a vifible furface diffe-
renltly coloured ; and it is obvious, that
the point of concurrence of the optic axes
will be the centre of this field, in refpect to
which we eftimate the direction of any other
point as lying to the right or left, or above
or below, &c. Or, conceiving this vifible
{urface as thrown out into diftance and {o-
lidity, we may confider the field of vifion
to be divided into a right and a left half by
a vertical plane, which dividing plane muft
evidently appear or be confidered only as a
perpendicular line. When the two eyes are
ufed conjointly, this dividing plane will be
the two optic planes appearing united ;
when one eye only is ufed, the vertical plane

dividing the field of vifion into two equal

parts, will be the optic plane of that eye
which is ufed.

WE may obferve, and the obfervation is
of more confequence than may at firft ap-
pear,
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pear, that there is no original feeling or im=
mediate confcioufne(s in the mind, by which
it knows whether it fees with one or the
other eye. We may, from experience and
a comparifon of circumitances, be able to
determine this, but not by any original {en-
fation ; and, indeed, there are many who
would icarcely be able to pronounce whether
they faw with one or with both eyes: and
I was acquainted with a moit m{pe&@h
and well-informed perfon, who declar,ed that
‘one:of her eyes had been deprived of its fight
{ome months before the difcovered her lofs.
But fince the vifible circumitances attending
the fame object are different as {een by one
or by the other eye, the judgment muft of
courfe be under the influence of fuch cir-

cumitances.

SUPPOSE a cube to be placed in fuch a
fituation, that one of its fides, fay the left,
fhould lie precifely in the right optic plane,
it would follow, that if the right eye only

were
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were ufed, this left fide could not be feen,
two fides only of the cube would be vifible,
either the upper or the lower, and that one
fronting ‘the eye; but if the object were
viewed at the fame time by the left eye, the
left fide of the cube would become vifible,

WEe may fuppofe another cube fimilady
placed in the axis of the left eye, and the
circumftances would be the fame.

HEeNCE it appears, that when the two
éyes are ufed, the field of vifion confifts of
objects of which fome are feen with both
éyes, and others are feen only by one eye;
aﬁd*--ﬂ-&m&fﬁé_' circumftance there arifes,
a feenting increafe of vifible fpace, when
the ‘optic ' axeés ‘crofs each other. And
herice al{o, it .is obvious, that the field of
vifion, as feen by each eye feparately, will
be different ; 'for, when the right eye only
is ufed, the field of vifion muft tend to the
Iéft, and when the left eyeis ufed, it muil;

3 for
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for the fame reafon, incline to the right;
and, therefore, when the two eyes are ufed
conjointly with the axes inclined to cach
other, the field of vifion muft be increafed,
being extended to the left by the right -'eye,
and to the right by the left cye; and dif-
ferent fields of vifion muft require different

planes of partition.

A ricure will affift our conceptions of

this matter.

Ler AP and BP, fig. 5, be the optic
axes crofling each other in the point P, the
eyes being fuppofed at A and B, and let
PM be the common axis determined as in
the former figures, bifecting the angle APB.
Then if the line CD is drawn perpendicular
to the axis AP, it is evident, that no point
lying behind this line, or on the fide oppo-
fite to that on which the axis lies, can poi-
fibly be proje&ted on the eye at A. There-

fore, this line CD may be confidered as
limiting
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limiting the field of vifion of the eye at A,
while the axis is directed to the point P:
in the fame manner, the line E F will limit
the field of vifion of the right eye at B,
and the point of interfection of thefe lines
will, in this caf'e,h be in the common axis
PM. Now it is evident, that the angle
CME or FMD made by the interfection
of the limiting lines, is equal to the angle
A P B, the inclination of the axes; and by
drawing L G perpendicular to P M and bi-
{fe¢ting the angles CME and FMD, it
appears that when the two eyes are ufed the
meadfure of the whole range or field of vifion
will be increafed by the angles LM E and
DMG, equal together to the inclination of
the two optic axes.

WHEN the right eye is ufed alone, the
plane dividing the field of vifion will lie in
line BP, and will be the right optic plane;
when the left eye is ufed fingly, the field
of vifion will be divided by the left optic

plane
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plane pafling through the axis AP ; but
when the two eyes are ufed conjointly each
optic axis becomes an object of fight to the -
other eye refpectively, thus interpofing, as
it were, new vifible {pace; and the range
or field of vifion, comprehending the angu-
lar {fpace EM D, muft be divided by a plane
paffing through the line PM, which bi-
fects that {pace or range, and which will be
the two optic planes apparently united a;fd

paﬁing through this line *,

‘Hence we may derive a reafon why an
object fituated at the concurrence of the op-

"
!

* T may be neceffary to remark here that I do not mean
to advance the above as a general propofition, that extends pre-
cifely to every poffible cafe of vifion: the cafe here confi-
dered is that of direct vifion, or of the general and ordinary
ufe of the eyes. And my intention is only to convey a notion
of the general principle which influences the feeming direc-
tion of an objeft as feen by one or the other eye, or by both
together. _In cafes of very oblique vifion the objeét to which
the optic axes are directed is not confidered as the centre of
‘'the field of vifion; but in general; the ufe of the: right eye
caufes an object to appear. more to the left, and the ufe of the

left eye makes it tend to the right.
tic
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tic axes has an apparent motion, “or appears
to have a different place as feen alternately
by the one or the other eye fingly; for the
field of vifion being in thefe cafes different,
it muft require a different centre or plane of
partition ; but the objeét at the concurrence
of the axes muft be in the centre in either
cafe, and therefore the mind refers it to a
different place, to the right er to the Ieft,
according to the eye which is ufed ; and
for the fame reafon it is referred to a mid-
dle fituation when both eyes are ufed con-
jointly.

I am fearful that a wifh to be clear may
render me tedious. It is, however, better
to be a little prolix than obfcure; I fhall,
therefore, farther illuftrate this matter by
another figure.

Ler A and B, fig. 6, again reprefent
the eyes, and AP and BP the optic axes

crofling each other in P as before. Let C and
L D be
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D be two objects in the left axis at equal dif=
tances on each fide the point P, and E and F

two other objects in the right axis at the
{ame diftances from the point P.

‘Now, if the left eye thould be ufed, the g
objects E and FF would appear as lying one
to the right and one to the left of the plane of
partition ; but the two objects C and D
would appear to coincide with this plane.
On the other hand, fhould the right eye be
ufed, the objeéts C and D would now ap-
pear to lie one to the right and one to the left
of the dividing plane, and E and F would be
the coinciding objects.  Should both eyes be
ufed together, D and F 'would be two right-
hand objects ; namely, D a right-hand ob-
ject to the right eye, and F one to the left |
eye ; and E and C would be the two left-hand
cbjects, IX being one to the left eye and C
one to the right eye ; and the dividing plane
would now feem to lie in the dire@ion P M.

WitH
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WitH the appﬁratus already defcribed, all
this may be actually put to the proof of ex-
periment with much eafe. In this cafe, the
point P fituated at the concurrence of the axes
will be refpectively referred to three different
places. When the left eye is ufed, it will
be referred to the fame place as the obje&t D,
with which it will appear to coincide, When
the right eye is ufed, it will be referred to
the fame place as E for a fimilar reafon: and
when both eyes are ufed, it will be referred
by the mind to a place lying midway between
the former two.* -

Uron the principles now ftated, we may
be able fatisfa&cril}f to explain various phc-
nomena of feeming direction from vifible cir-

cumftances, without having recourfe to the

% Befides the four objeéts which are in this cafe feen, of
which two appear on the right and two on the left fide of the
plane of partition, all the four, C, D, E, and F, will alfo be
feen united in the line PM, or as lying in the plane of parti-
tion ; the firlt are {een two by one eye and two by the other ;
the laft are {een each by both eyes together.

L 2 {tate
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ftate of a&tion in the mufcles which move the
eyes. For inftance, that while an optic axis
retains the fame real pofition, an objeé fitu-
ated in it may feem to have a variety of dif-
ferent dire¢tions. If the right axis fhould re-
main fixed, and the eyes be fucceflively di-
rected to different points in it, the field of vi-
fion, both eyes being ufed, muft change with
every fuccefiive point to which the eyes are
dire€ted ; if from a remote point to one that
is nearer, fo as to increafe the inclination of
the axes, the field of vifion, and confequently
its plane of partition, will tend towards the
right, and the point where the axes crofs.
each other will be referred to a fituation more
towards the right, as being the apparent cen-
tre of the field of vifion. This may be ren-
dered very plain by artendin.g to the apparent
circumftances of a cube, as before mentioned,
one fide of which is fuppofed to be fituated in
the right optic plane : when feen with the
right eye only, this fide of the cube will lie in
the plane which appears to divide the field of

| vifion ;
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vifion ; but when fecn by both eyes the fide
before invifible comes into view ; and the
effe in refpect to the mind is precifely the
fame as if the cube were to be removed to
the right as to render the left fide of it vifi-
ble; for, as was before obferved, ¢here -be-
ing no original feeling by which we can
diftinguifh that which is an objec of fight
to one eye from what is an.object of fight
to the other eye, the judgment and concep-
tion are influenced by the apparent circum-
ftances. The nearer the optic axes approach
to parallelifm, or the more remote the cube
is from the eye, the lefs the field of vifion
tends to the right; and in an increafe of the
inclination of the axis, the left fide of the
cube, having a more direct appearance in re-

{pect to the left eye, muit appear more to the
right,

Axp that the judgment refpecting direc-
tion is, in this cafe, influenced by the vi-

fible circumflances, and not by the ftate of
L3 action



[ &5

action exifting in the mufcles, is evident
from the Second and Third Experiments ;
for, when the objects were feen by the right
eye only, the f{ight of the other eye being in-
tercepted by the interpofition of the black card
(a circumfitance which could not prevent its
motions from correfponding with thofe of the
other eye) the diretion of the points O and
P* remained unchanged, whether the eyes were
directed to one or to the other. Here then we
have an inftance of apparent diretion remain-
ing the fame, while the ftate of action in the
mufcles changes ; on the other hand, while the
eyes continued to be directed to one of the
objects, as O, 1t appeared to have a different
direction as feen by one eye fingly, or by
both at the fame time; which is an inftance
of change of apparent direction while the
ftate of action in the mufcles remained the
fame. The real circumftance which influ-

enced the mind in the feeming dire¢tion being

¥ Sk fg. 3.

this,
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this, that when the left eye was uncovered,
the fpace OP of the right axis, which
was before invifible to the right eye, now
became an object of fight interpofed be-
tween O and P, fimilar to the fide of the

cube.

AND upon the fame principles is to be ex-
plained the reafon why, in different real pofi-
tions of the optic axes an object fituated in
them may appear to have but one and the
fame dire¢tion. For, when the eyes are {uc-
ceflively directed to different points, all lying
in a line perpendicular to, and bifecting, the
vifual bafe, it is evident, that while both eyes
are ufed, the field of vifion will in each cafe
be divided by the fame plane; for, notwith-~
ftanding the extent of the field, or the range
of fight, is contracted as the eyes are directed
to the more remote points, and the axes ap-
proach to parallelifm, yet the contraction
being equal on the right and on the left fide,
the plane of divifion muft, throughout, re-

L 4 ‘main
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main fixed ; and the optic axes appearing
to be united in this plane, it follows, that
their apparent direction, or that of an object
fitvated in them, would remain the fame in
various changes of their real pofition. But if
one eye only fhould be ufed, and fucceflively
directed to the feveral points, there would in
cach cafe be a different field of vifion, each
lying to the right of the other, and con-
fequently requiring a different plane of di-
vifion, and different centre, and the axis of
the eye would then have an apparent motion
to the right correfponding with its real mo-
tion: all which appears clearly from the

Fourth Experiment.

~ Axp here again, we have an inftance of
a feeming change of direction, while the ftate
of action remains unaltered ; for, while the
two eyes are held direGed to any one of the
points, its apparent fituation varies as one or
both eyes are ufed.

SUCH
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SUCH are the obfervations which have oc-
curred to me in examining the theory of vi-
fible direction laid down by Dr, Wells. In
the preceding fection my intention was to
point out that, even admitting the facts ftated
in this theory, it would not neceflarily fol-
low, . that fingle vifion was the confequence of
fuch a law of dire&ion; for, direion in a
line from the eye being an acquired notion
or conception, and the fingle appearance an
actual matter of fight, it would feem more
reafonable to confider the apparent union of
the points where the optic axes terminate on
the retina as the original law, and from thence
to derive the law of direétion ; for, if the two
points are united into one by fome original
fenfation or impreflion, the re-projection or
throwing out of this united point into dif-
tance can only conftitute one line. However,
in the prefent fection, the experiments which
are brought forward prﬁuve, that the point of
interfection of the optic axes has a different
feeming direction as feen by onc or by the
I other
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other eye, or by both at a time; which re-
duces the matter to a certainty ; fince, in or-
der that the f{ingle appearance fhould be cau/ed
by a law of vifible direction, it is neceffary
that this law fhould affet each eye when
ufed fingly, in the fame manner as when
ufed in conjunction with the other ; and fuch
Dr. Wells maintains to be the cafe; but all
the experiments here mentioned, and I have
tried them over and over again, are Incon-
fiftent with this opinion. But, {ince an object,
if it appear fingle to the two eyes, muit, at
the time it is fo feen, appear to each eye to be
in the fame place; that is, fince one vifible
obje@ can only have one vifible place at one
time, and fince this place is not that which it
has when feen by either eye fingly, we may
fafely conclude, that the apparent place of
the object when feen by both eyes is depen-
dent on the circumftance of its being feen

fingle.

In
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In canvafling the opinion of Dr. Wells,
I have only made ufe of that liberty to which
all have a claim in treating philofophical
fubjects; and I truft, that while producing
a dire oppofite opinion, 1 have not, any
where, exprefled myfelf in terms which can
with reafon give the flighteft degree of of-
fence to that Writer.

IT remains to ftate the evidence we have
for confidering the united appearance of ob-
jects feen by both eyes to be the confe-
quence of an united imprefflion or fenfation ;
this will be the fubject of the following
Section *,

* Berork I proceed to the next Seftion I with to make
a few remarks on a certain phenomenon of vifion which is
mentioned by Dr. Wells in a note in the 10¢th page of his
Effay, for which I have not been able to find a place before,
as the principles concerned here are very different from thofe
we have been confidering.

THE experiment is this: If a fmall hole be made in a card
and held near to the eye and fome opaque body, as a needle,
be pafled between the eye and the hole, there will be feen
two objets, one the needle itfelf paffing in one direétion
over the hole, the other a fhadow of the needle pafiing in

a con-
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' & contrary direCtion, and feeming to be on the other fide of
the card. : :

I po not enter on the explanation of this phenomenon
with a view to controvert the principles on which Dr. Wells
has accounted for this appearance, which, as he juﬁlj.r fays,
lie on the very furface of optical knowledge ; but the account
he has given of this experiment, and of that of Mr. le Cat,
which gave rife to the note, appears to.me to be imperfect,
as it ke::t me in doubt, while reading it, whether the fhadow
as it is called, was the only objeét which was feen in the ex-
_periment.  The folution of Mr. Harris hinted at in the note,
which is all I know of it, is certainly juft, ‘that it is not
¢ the needle but its fhadow on the other fide which is feen.”
As the experiment may be new to fome who have not been
in the habit of ftudying this fubjeét, I have introduced this
account in order to fhew how readily we may fall on the true
explanation of fuch phenomena by having immediate recourfe
to the projections on the retinz. -

Ler AB, fe. 7, reprefent an eye, and the point P the
hole in the card, which, if held up againft a firong light,
may be confidered as a luminous point. Let R and L be
any two diftinét, external, or tangible objefts, namely, R
one on the right hand, and 1. onec on the left, whofe pro-
jeftions on the retina will be at r and 7 refpectively, then
we muflt confider r as the right fide on the retina, and /
as the left, and a figure or body pafling over the retina in
the dire&ion from r to 4 will appear to move in that di-
reétion which we call from right to left. MNow, fuppofe the
card with the hole in it to be held fo near the eye that the
accurate projection of the hole or point P fhall fall beyond
the retina at p; the pencil of ravs FA B, which iffue from
the hole and cover the pupil, will be diffufed over a part of
the retina in a fmall circle reprefented by /g; now that half
of this fmall luminous. circle which lics on the retina towards
! will appear as being the laft half, and is formed by rays
which enter the pupil on the fide B, or on the right fide in

' refped
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reipeét to the external objedt R, and that half which lies on
the fide towards r will appear as the right- half, and is formed
by rays entering the pupil on the fide A, or the left in refpe@
to the object L. Suppofe the needle to move along the line
-C D in the dire&ion from C to D, or from right to left, re-
{pefting the external object, then will the projection pals
over the retina in the diretion from r to /, which is from
right to left on the retina; but when it comes to F it will be-
gin to intercept the rays which form the fide of the luminous
circle on the retina towards /, that is the left fide, and muft
therefore efface part of the left fide of the circle, appearing as
a fhadow, while the needle itfelf will appear on the right fide:
and {o as the needle proceeds from right to left it will fuc-
ceflively intercept the rays which form the circle, in the di-
reftion of / to r or left to right, contrary to the motion
~of the needle, and appearing asa fhadow. When the nee-
dle arrives at the central ray, the projection of the needle
and the fhadow become one objeft, the projection of the
needle itfelf in that fituation effacing the central part of the
luminous circle; as the needle proceeds to the left, the right
fide of the circle becomes obfcured by the interception of
the rays which enter on the left fide of the pupil, and which
form the right half of the circle.

AND the fhadow has the appearance of an objelt paffing
beyond the card, which I foppofe is owing to the circum-
ftance of its being vifible only while pafling over the dia-
meter of the circle or of the hole in the card. '

Tue fame principles would apply to a motion in a ver-

tical direction, and caufe the inverted appearance of the fha-
dow.

SECTION
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projetions in a certain fituation of the eye

arifes from this united {enfation.

HowevEer decifive this evidence may be
to my own mind, I do not pretend that it
amounts to abfolute demonftration; but 1t
appears to me fully fufficient to render the
propofition highly probable, where the mind
is not under the influence of a previous at-

tachment to fome different theory.

TuE firlt argument to be produced is
founded on the analogy of nature. It issa
fa& well-known to anatomifts, that in the
human fpecies the optic nerves unite in the
fella turcica before they enter the brain: and
a fimilar union takes place in various other
{pecies of animals. But, if I am rightly
informed, there are fome {pecies of animals
whofe eyes are {o fituated as to look to op-
pofite fides, and confequently not to fee the
fame object at the fame time with both

eyes,
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eyes, in which fuch a jun&ion does not take
place. Without inquiring into the manner
in which this union is formed, we may
fuppofe that nature had fome purpofe to
anfwer by it; and it feems Probablc that it
may have fome relation to fingle vifion, and
may caufe this by uniting the fenfations.
The circumftance, taken fingly, may not
be thought of much confequence, nor do I
lay much ftrefs on it; but it {erves to cor-

roborate when united with other facs®.

v AxoTuER circumftance I have to men-
tion, which makes in favour of the pofition,

is what happened to the young gentleman

* Ax ample field of refearch feems to lie open to the ana-
tomift refpecting the brain, of which, from the peculiar na-
ture of its {ubftance, our knowledge is extremely limited.
But I fhould hope, that in the prefent highly-improved ftate
of every art, means might be devifed for developing the hi-
therto inexplicable folds of this moft curicus fubftance, and
for explaining the nature and the mode of its very important
functions.

couched

=
-

=



Ecsde i)

couched by Mr. Chefelden. It appears,
that on firft receiving his fight he thought
that all objes touched his eyes; that is, he
{faw the projections on his retine, without
aflociating with his vifible perceptions the
conception of diflance or of direction in a
line from the eye; but it does not appear
that he ever faw the objects he looked at
double. This proves, as far as one inftance
can go, that fingle vifion is original, and
that it does not depend upon any law of vi-
fible direction.

I PrROCEED now to produce fome fimple
experiments, which favour the notion of an

united fenfation.

EXPERIMENT 1I.

Tuev who are accuftomed to ufe {pecta-
cles know, that the two rings appear to unite
and to form one circle. Into the rings of

a pair of common {pectacles let two pieces
M of
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of flained ‘glafs of different colours be fixed ;

and if thefe fpectacles fhould be worn in

the common manner, it is evident, that
over one of the retine will be diffufed rays
which excite one colour, and over the
other retina will be diffufed rays which
excite fome other colour; and the confe-
quence will be, that neither colour will be

fingly perceptible, but that fome interme-

diate colour will be feen. If the eyes fhould .

be alternately clofed, fo as to exhibit the
two colours fingly, one fucceeding the other,
and immediately after both eyes fhould be
kept open, the intermediate colour will be
made very perceptible. ‘This experiment
alone, would be perfeétly decifive to my
mind; but it will not, perhaps, produce
the fame degree of conviction in others, par-
ticularly in fuch as may have admitted fome

theory diffcrent from that now propofed.

"But let us refle&® on the true nature of
colour, and on the true nature of vifion.
Colour

w e o
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Colour we know to be a fenfation excited
by the action of light; but here we have
rays aCting on either retina, whofe fingle ef-
fect would be to produce fome celour which
in this cafe is not perceptible. What then
is that intermediate colour which we {fee,
and how does it arife? It is an effeé, and
requires fome caufe; and it is an cife&
which can only be produced by the action of
rays of light on the optic nerves ; it there-
fore muft be the joint effect of the rays a&-
'ing on the two retine, or an united fenfa-

tion.

THIs experiment may be varied by ufing,
inftead of {pectacles, two tubes with the in-
fides blacked, and differently-coloured glafies
fixed at the extremities fartheft from the eye.
When fuch tubes are applied to the eyes,
it is evident that if the axis of each tube co-
incides with the axis of each eye refpec-
tively, the apertures at the ends will be pro-
jected on the terminations of the optic axes,

M 2 or



[ 168 ]

ot on {imilar points of the retine; but if
one of the tubes fhould be fo moved, that

its axis fhould no longer coincide with the -

optic axis, the aperture at the end would be
projected on fome part of the retina diffimi-
lar from that of the other. In the firft cafe
the two tubes, as with a binocular telefcope,
appear to coincide and to form one, and the
aperture will appear to be of fome interme-
diate colour, as in the inftance of {pectacles ;
m the latter cafe, the two tubes will appear
feparate and diftin¢t, as will alfo the colours
of the apertures. But the tubes may be held
in fuch an intermediate fituation, as that
part of the apertures fhall fall on corre-
iponding points, and part on points which
do not correfpond ; in which cafe the two
colours will appear diftin@ on the feparate
parts of the apertures, and the third or in-
termediate colour will appear on that part
of the aperture which is united, or which
falls on the correfponding points of the re-
tinae.
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In making thefe experiments fome cir-
cumftances are to be noticed, a want of at-
tention to which, might lead fome to {up-

pofe that the experiments did not an{wer,

Wuat is generally underftood by deep-
nefs of colour, is not occafioned by the den-
fity of the rays, nor by the intenfity of their
action, but proceeds from their rarity. A
few rays of any colour diffufed over a part
of the retina would excite the notion of a
dark coleur; for deepnefs of colour ap-
proaches to blacknefs, which is the priva-
tion of colour or fenfation, If, therefore,
we look through a glafs deeply ftained with
any colour with one eye, and fhould either
not apply any, or only fome light-coloured
glafs to the other eye, it is not to be fup-
pofed, that the general appearance will be
that which might be compounded of a deep
colour mixed with white or with fome light
colour; for the eye which fees through a
dark glafs will be affeCted only with a weak

| M 3 {en~
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fenfation, which confequently can produce
but little effet on the fenfation of the other
eye ; and if the ftained glafs thould be ftill
deeper, we might not be able to fee through
it at all ; while the fenfation of the other eye
would remain perfect in the fame manner as

if one eye was clofed.

- HeEnce, when we apply to the eyes
glafles {tained with different colours, we are
not to expect that the colour compounded
of the two will have the fame appearance as
if we looked through bcth'glaﬁes with one
eye. If a blue and a yellow glafs are placed
one before the other, and applied to one eye,
the appearance will be that of a full green ;
but if the fame glafles fhould be applied, one
before cach cye, as in the experiment of the
fpectacles or tubes, the colour will be a
green diluted with much white light, or a
pale green; for when the glaffes are placed
one before the other, the two in., this pofi-
tion intercept much more lighq: than when

they
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EXPERIMENT II.

I prOVIDED a piece of pafteboard of
about one foot in breadth and two in length ;
one end I cut fo as to adapt it to the profile
of my face, in fuch mannes, that when ap-
plied to it in a vertical pofition perpendicu-
lar to the plane of the face, the rays which
came to one eye were intercepted from the
other. [ then placed a fheet of white paper
perpendicularly againft a wall to which a

not that which might have been previoufly expefted from the
compofition of the two. And I apprehend that Dr. Wells,
in the experiment he mentions, has been apt to confound
irmagination with fenfe; for T conceive it to be impoffible to
fee one colour through another.

Wren we lock at an objeét of known colour through a
ftained glafs of any other colour, we are apt to think we
perceive two colours at the fame time; but it is probable
that in this cafe the imagination is employed at the fame time
with fenfation ; that is, from knowing the colour of the ob-
Jeét we conceive it to be of one colour, while we fee it of
another ; and I apprehend it may be laid down as a maxim in
vifion that the fame individual point cannot appedr at the
fame time to have two different colours. This is not a pro-
pofition to be proved by argument; it is a firft principle; if
we attempt to conceive the contrary, wefind it impoffible.

ftrong
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or blended with that of the other eye; for
how otherwife can we account for an object
appearing coloured by the application of a
ftained glafs to the eye by which that object

cannot be feen,

EXPERIMENT III.

TAKE one of the tubes above-mentioned,
and clofing one eye apply it to the other,
not clofe, but at the diftance of three or four
inches, and look at the wall or wainfcoat,
or at any plane furface of a light colour;
and the object or {urface, as {een through
the tube, will appear of the fame colour and
brightnefs as that part feen on the outfide of
the tube. Next, bring the tube clofe to the
eye, the other remaining clofed, and the ob-
ject feen through the tube will appear fome-
what brighter than before; and this I con-
ceive to be owing to the contraft with the

blacked infide of the tube. Now, open the
other
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other eye,-and, looking at the furface or
object with both eyes at the fame time, the
fuperior brightnefs of the part {feen through
the tube will become much more fenfible.
In this fituation, the part of the furface feen
through the tube is feen by both eyes,
whereas the other part of it feen without the
tube is feen only by one eye; and the re-
markable fuperior brightnefs of this part
feen through the tube muft, as I conceive,
be owing to the circumftance of its being
{een by both eyes ; that is, there is a double
fenfation of this part, and only a fingle fen-
fation of the other part.

EXPERIMENT 1IV.

Tue experiment I am now about to
mention is beft made by candle-light; and I
have made ufe of one of the patent Iafnps
as yielding a very ftrong light. It is a well-
known fac, that if the eyes are fuddenly

clofed,
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clofed, after having been for fome time flea-
dily directed to fome bright object, a co-
loured {pectrum will become perceptiblé.
The nature of thefe {pectra and the variations
in colour to which they are fubject, were,
fome time fince, made the {ubject of a very
ingenious inveftigation by Dr. Darwin. At
prefent we have only to confider the general
appearance independent of any particular co-

lour.

Ler the eyes be held fteadily fixed on
one of the above-mentioned lamps for a mi-
nute or two, after which, on fuddenly clo-
fing them, a coloured {pectrum will be feen.
If any doubt {hould be cntertained whether
or not the two eyes are cqually affected, in
this cafe it may be clearly afcertained by
looking with one alternately, the other being
clofed, at a fheet of white paper, when in
either cafe a dark fpot or {peétrum will ap-

pear on the face of it.
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determine whether one eye only, or both are
affected.

Ir the eyes fhould be directed to {fome
diftant object, and the lamp fhould be
placed before them, at the diftance of about
three feet, the projections of the lamp will
be found on diffimilar points of the retinz,

and two diftin¢t {pectra will be perceptible.

THE foregoing experiments, taken collec-
tively, appear to me fully fufficient to efta-
blith the fact, that an impreflion or fenfa-
tion made on a certain point of one retina
is united, by fome original law of the con-
ftitution, with the impreflion or fenfation
made on a certain correfponding point of the
other retina.

TaE intermediate colour perceived, when
glaffes differently ftained are applied to the

hd two
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two eyes, can only be accounted for, b}fl
admitting fuch an union of the fenfation.
Over each eye are' diffufed rays, exciting
fome colour, which, fo long as both eyes
remain open, is not perceptible; the colour
being fome intermediate tint ; but on clofing
cither eye, fome colour different from this
immediately becomes vifible, without any
alteration taking place in the eye by which
{uch colour is feen. I can conceive nothing
more conclufive. But from this fa& if ad-
mitted, the fingle appearance of all objects
naturally refults.

THE appropriate fenfation of the optic
nerve is colour. In the laft experiment of
the'fpc&rum, there is no external object vi-
fible or tangible immediately concerned, nor
any rays of light in prefent action; the
{peCtrum is a durable impreflion caufed by
the ftrong light lately feen; but this im-
preflion is made manifeft by the perception
of fome colour, and this being excited,

[ the
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!:xiacriment'nf the fpectrum, that 'na:ithci' di~
rection from the eye, nor external place,
nor pofition, have any concern in caufing
the unity of the appearance ; thefe are
merely relative and fecondary notions; vi-
fible extenfion is a neceffary adjunct or con-
comitant of colour, and the union of the fen-
fation is in fact the union of the extenfion,

with its modifications of figure, pofition,
&c. | !
HowevER convincing this folution of the
queftion concerning fingle vifion may be to
my own mind, I conceive it to be very pro-
bable that it may not appear equally fo to
others. But if it thould not be admitted,
it muft, I think, be allowed, that we have
no other more fatisfactory, and that the

follow, that the fenfation of one or both eyes in this experi-
ment muft be imperfe®, becaufe the refradtive ftate of the
eye cannot be adapted to the diftance of the object feen; and
to this caufe we are probably to attribute the uncertainty and
irregularity of this experiment ; the fenfation of one eye pre-
vailing at one time, at another time that of the other.

N queftion
























