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XVI. New Experiments on the Qcular Spelra of Light and
Colours. By Robert Waring Darwin, M. D.; communicated
by Erafmus Darwin, M. D. F, R. S.

Read March 23, 1786.

HEN any one has long and attentively looked at a
bnght objedt, as at the fettmg fun, on cloﬁng his eyes,

or removing them, an image, which refembles in form thev

obje& he was attending to, continues fome time to be yifible :
this appearance in the eye we fhall call the ocular {pectrum of
that object.

Thefe ocular fpetra are of four kinds: 1ft, Such as are
owing to a lefs fenfibility of a defined part of the retina; or
j}wﬁm Jrom defect of fenfibility. °d Such as are owing to a
greater fenfibility of a defined part of the retina; or Jpecira
Jrom excefs of fenfibility. 3d, Such as refemble their obje&t in
its colour as well as form ; which may be termed dire? ocular
Jpectra.  4th, Such as are of a colour contrary to that of their
objeét; which may be termed reverfe ocular fpecira.
~ The laws of lfght have been moft fuccefsfully exp.laihed:by"
the great NEwTON, and the perception of vifible objects has been
ably inveftigated by the ingenious Dr. BerkeLEY and M. MALE-
BRANCHE ; but thefe minute pheenomena of vifion have yet been
thought reducible to no theory, though many philofophers have
employed a confiderable degree of attention upon them : among
thefe are Dr. Jurin, at the end of Dr. Smrtn’s Optics; M.

- Vor. LXXVI, Tt ApINvus,
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Airinvus, in the Nov. Com. Petropol. V. 10.5 M. Becurrin,
in the Berlin Memoires, V. II. 17713 M. D’Arcy, in the
Hiftoire de I’Acad. des Scienc. 1765; M. pe na Hire; and,
laftly, the celebrated M. pE Burrow, in the Memoires de
I’Acad. des Scien. who has termed them accidental colours, as if
{fubje@ed to no eftablithed laws, Ac. Par. 1743. M. p. 215.

I muft here apprize the reader, that it is very difficult for
different people to give the fame names to various thades of co-
Jours; whence, in the following pages, fomething muft be
allowed if, on repeating the experiments, the colours here
mentioned thould not accurately correfpond with his own names
of them,

. ACTIVITY OF THE RETINA IN VISION.

From the fubfequent experiments it appears, that the retina
is in an a&ive not in a paffive ftate during the exiftence of
thefe ocular fpe&ra‘; and it is thence to be concluded, that all
vifion is owing to the altivity of this organ.

1. Place a piece of red filk, aboutan inch  diameter, as in
fig. 1. (Tab. 1X.) on a theet of white paper, in a ftrong light ;
look fteadily upon it from about the diftance of half a yard for a
minute; then clofing your eyelids cover them with your
hands, and a green {pe€trum will be feen in your eyes, refem-
bling in form the piece of red filk : after fome time, this fpec-
trum will difappear and fhortly re-appear ; and this alternately
three or four times, if the experiment is well made, till ag
length it vanifhes entirely. ‘

2. Place on a fheet of white paper a circular piece of blue
filk, about four inches in didmeter, in the funfhine; cover
the center of this with a circular picce of yellow filk, about

three
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three inches in diameter ; and the center of the yellow filk with
a circle of pink filk, about two inches in diameter; and the
center of the pink filk with a circle of green filk, about one
inch in diameter; and the center of this with a circle of in-
digo, about half an inch in diameter; make a {mall fpeck with
ink in the very center of the whole, asin fig. 2.; look fteadily
for a minute on this central fpot, and then clofing your eyes,
and applying your hand at about an inch diftance before them,
fo as to prevent too much or too little light from pafling
through the eyelids, you will fee the moft beautiful circles of
colours that imagination can conceive, which are moft refem-
bled by the colours occafioned by pouring a drop or two of oil
on a ftill lake in a bright day; but thefe circular irifes of co-
lours are not only different from the colours of the filks above~
mentioned, but are at the fame time perpetually changing as
long as they exift. .,

3. When any one in the dark prefles either corner of his
eye with his finger, and turns his eye away from his finger, he
will fee a circle of colours like thofe in a peacock’s tail : and a
fudden flath of light is excited in the eye by a ftroke on it.
(NewTon’s Opt. Qu. 16.)

4. When any one turns round rapidly on one foot, till he
becomes dizzy and falls upon the ground, the fpetra of the
ambient objefts continue to prefent themielves in rotation, or
appear to librate, and he feems to behold them for fome time
flill in motion.

From all thefe experiments it appears, that the {peftra in
the eye are not owing to the mechanical impulfe of light im-
prefled on the retina, nor to its chemical combination with
that organ, nor to the abforption and emiffion of light, as is
obferved in many bodies : for in all thefe cafes the fpectra muft

Ttz either
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either remain uniformly, or gradually diminiths and neither
their alternate prefence and evanefcence as in the firft experi-
ment, nor the perpetual changes of their colours as in the
fecond, nor the flath of light or colours in the prefled eye as
in the third, nor the rotation or libration of the fpeétra as in
the fourth, could exift.

It is not abfurd to conceive, that the retina may be ftimu-
lated into motion, as well as the red and white mufcles which
form our limbs and veflels; fince it confifts of fibres; lxke
thofe, intermixed with its medullary fubftance. ‘To evince
this ftruure, the retina of an ox’s eye was fufpended in a
glafs of warm water, and forcibly torn in a few places; the
edges of thefe parts appeared jagged and hairy, and did not
contra&, and become {mooth like fimple mucus, when it is
diftended till it breaks; which thews that it confifts of fibres;
and this its fibrous conftrution became ftill more diftin&t to the
fight, by adding fome cauftic alkali to the water, as the ad-
hering mucus was firft eroded, and the hair-like fibres remained
floating in the veflel. Nor does the degree of tranfparency of '
the retina invalidate the evidence of- its fibrous {tructure, fince
LervweNHOEK has thewn that the cryftalline humour itfelf
confifts of fibres. '(Arcana Nature, V. 1.p. 70.) ‘

Hence it appears; that as’the mufcles have larger fibres
intermixed with a ﬁnaller‘ quantity of mnervous medulla,
the organ of vifion has a ‘greater quantity of nervous. me-
dulla intermixed with fm'lller fibres; and it is probable, that
the} locomotive mufcles, as well as the vafcular’ones, of mi=
crofcopic animals have much greater tenuity than thefe of. the
retina. ' ,

And befides the fimilar laws, which will be thewn in this
Paper to govern alike the a&zons of the retina and of the

mufcles,
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mufcles, there are many other analogies which exift between:
them, They are both originally excited into a&ion by irritas
tions, both a& nearly in the fame quantity:of.time,. are alike-
firengthened or fatigued: by. exertion, are alike painful if exs-
cited into altion when they are in an inflamed ftate, are alike:
liable to paralyfis, andto the torpor of old age.

II. OF SPECTRA FROM DEFECT OF SENSIBILITY:.

The retina is not " fo- eafily excited into allion by. lefs irritation:
after-having been lately fubjeiled to greaver..

- 1. When any one. paflfes. from the bright. daylight into a:
darkened room, the irifes of his eyes expand themdelves to their-
utmoft extent.in a.few feconds of time;.but it is very long-
before the optic. nerve, after having been ftimulated by the
greater light of the day, becomes fenfible of the lefs degree of
it in the.room; and, if the room is not too obfcure, the irifes -
will again contrat themfelves: in fome degree, as the fenfi=
bility of the retina returns. | A

2. Place about half an inch fquare of white paper on a black
hat, and looking fteadily on the: center of it.for .a.minute, re<
move your eyes to a.fheet of white paper; and after a fecond
or two a dark fquare will be feen on the white paper, which
will continue fome time. A fimilar dark {quare will be feen in
the clofed eye, if light be admitted through the eye-lids.

So after looking at any luminous object of a {mall fize, as
at the fun, for a fhort time, fo as not.much to fatigue the
eyes, this part of the retina becomes lefs fenfible to {maller
quantities of light; hence, when the eyes are turned on other
lefs luminous parts of the fky, a dark fpot is feen refembling

I the
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the fhape of the fun, or other luminous obje&t which we laft
beheld. This is the fource of one kind of the dark-coloured
mufce volitantes. 1f this dark {pot lies above the center of the
eye, we turn our eyes that way, expeting to bring it into the
center of the eye, that we may view it more diftin&tly ; and in
this cafe the dark fpe@rum feems to move upwards. If the
dark fpe@rum is found beneath the center of the eye, we pur-.
{uc it from the fame motive, and it feems to move downwards.
This has/gi‘}en rife to various conjeCtures of fomething floating
in the aqueous humours of the eyes; but whoever, in attend-
ing to thefe {pots, keeps his eyes unmoved by looking fleadily
at the corner of a cloud, at the fame time that he obferves the
dark fpecira, will be thoroughly convinced, that they have no
motion but what is given to them by the movement of qur
eyes in purfuit of them. Sometimes the form of the {peGtrum,
when it has been received from a circular luminous body, will
become oblong ; and fometimes it will be divided into two cir-
cular {pectra, which is owing to our changing the angle made
by the two optic axifes, according to the diftance of the clouds
or other bodies to which the fpe@rum is {fuppofed to be conti-
guous. 'The apparent fize of it will alfo be variable according
to its fuppdfed diftance ; but when fuch a fpe@rum is received
with only one eye, the other being covered, its form and num-
ber are invariable,
As thefe {pe@ra are more eafily obfervable when our eyes are
a little weakened by fatigue, it has frequently happened, that
people of delicate conftitutions have been much alarmed at
them, fearing a beginning decay of their fight, and have
thence fallen into the hands of ignorant oculifts ; but I believe
they never are a prelude to any other difeafe of the eye, and
that it is from habit alone, and our want of attention to them,

7 that
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that we do not fee them on all obje@s every hour of our lives.
But as the nerves of very weak people lofe their fenfibility, in
the fame manner as their mufcles lofe their altivity, by a {fmall
time of exertion, it frequently happens, that fick people in the
extreme debility of fevers are perpetually employed in picking

- fomething from the bed-cloaths, occafioned by their miftaking
the appearance of thefe mufeee volitanses in their eyes. BENvVE-
~NuTo CELINI, an Italian artift, a man of ftrong abilities, re-
lates, that having pafled the whole night on a diftant mountain
with fome companions and a conjurer, and performed many
ceremonies to raife the devil, on their return in the morning to
Rome, and looking up when the fun began to rife, they faw
numerous devils run on the tops of the houfes, as they pafled
along ; fo much were the fpetra of their weakened eyes mag-
nified by fear, and made fubfervient to the purpofes of fraud
or {uperftition. (Life of BEN. CeLINIL)

3. Place a fquare inch of white paper on a large piece of
ftraw-coloured filk; look fteadily fome time on the white
paper, and then move the center of your eyes on the filk, and
a fpe@rum of the form of the paper will appear on the filk,
of a deeper yellow than the other part of it: for the central
part of the retina, having been fome time expofed to the ftimu-
lus of a greater quantity of white light, is become lefs fenfible
to a fmaller quantity of it, and therefore fees only the yellow
rays in that part of the ftraw-coloured filk.

Fa&s fimilar to. thefe are obfervable in ether parts of our
fyftem: thus, if one hand be made warm, and theother ex-
pofed to the cold, and then both of them immerfed in {ubtepid
water, the water is perceived warm to one hand, and cold to:
the other; and we are not able to hear weak founds for fome

time after we have been expofed to loud enes; and we feel @
chillinefs
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<chillinefs on coming into an atmofphere of temperate: warmth,
after having been fome time confined in a very warm room :
and hence the ftomach, and other organs of digeftion, of
thofe who have been habituated to the greater ftimulus of {pi-
rituous liquor, are not excited into their due attion by the lefs
ftimulus of common food alone ; of which the immediate con-
{equence is indigeftion and hypochondriaci{im.

111, OF SPECTRA FROM EXCESS OF SENSIBILITY.

The retina is more eafily excited into altion by greater irritation
after baving been lately fubjected to lefs.

1. If the eyes are clofed, and covered perfe@ly with a hat,
for a minute or two, in a bright day; on removing the hat a
red or crimfon light is feen through the eye-lids; In this ex-
periment the retina, after being fome time kept in the dark,
becomes {o fenfible to a fmall quantity of light, as to perceive
diftinétly the greater quantity of red rays than of others which
pafs through the eye-lids. A fimilar coloured light is feen to
pafs through the edges of the fingers, when the open hand is
oppofed to the flame of a candle.

2. If you look for fome minutes ﬁea&ily on a wmdow in
the beginning of the evening twilight, or in a dark day, and
then move your eyes a little, {o that thofe parts of the retina,
on which the dark frame-work of the window was delineated,
may now fall on the glafs part of it, many luminous lines,
reprefenting the frame-work, will appear to lie acrofs the glafs
panes: for thofe parts of the retina, which were before leaft
ftimulated by the dark frame-work, are now more fenfible to

light
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fight than the; other parts of the retina which were expofed to
the more luminous parts of the windew.

3. Make with ink on white paper a very black fpot, about
‘half an inch in diameter, with a tail about an inch in length,
{o as to reprefent a tadpole; look ﬁeadxly for a minute on this
fpot, and, on moving the eye a little, the figure of the tadpole
will be feen on the white part of the paper, which figure of
the tadpole will appear whiter or more luminous than the other
parts of the white paper; for the part of the retina on which
the tadpole was delineated, is now more fenfible to light than
the other parts of it, which were expofed to the white paper.
This experiment is mentioned by Dr. IRwin, but is not by
him afcribed to the true caufe, namely, the greater fenfibility
of that part of the retina which has been expofed to the black
fpot, than of the other parts which had received the white
field of paper, which is put beyond a doubt by the next expe-
riment.

4. On clofing the eyes after viewing the black fpot on the
white paper, as in the foregoing experiment, a red fpot is feen
of the form of the black fpot: for that part of the retina, on
which the black fpot was delineated, being now more fenfible
to light than the other parts of it, which were expofed to the
white paper, is capable of perceiving the red rays which pene-
trate the eyelids. If this experiment be made by the light of
a tallow candle, the fpot will be yellow inftead’ of red; for
tallow candles abound much with yellow light, which pafles
‘in greater quantity and force through the eyelids than blue

light ; hence the difficulty of diftinguithing blue and green by

this kind of candle light. The colour of the fpetrum may
poffibly vary in the day light, according to the different colour
of the meridian or the morning or evening light.

Vor. LXXVL Uu M. Be-
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M. BrcuEeLiy, in the Berlin Memoires, V. IL 1771, obferves,
that, when he held a book fo that the fur fhone upon his
half clofed eyelids, the black letters, which he had long in-
- {pe&ted, became red, which muft have been thus eccafioned.
‘Thofe parts of the retina which had received for fome time
the black letters, were fo much more fenfible than thofe parts
which had been oppofed to the white paper, that to the former
the red light, which paffed through the eyelids, was percepti-
ble. Thereis a fimilar fory told, I think, in M. bE VoLTAIRE"S
Hiftorical Works, of a Duke of Tufcany, who was playing
at dice with the general of a foreign army, and, believing he
faw bloody {pots upon the dice, portended dreadful events, and
retired in confufion. The obferver, after looking for a minute
on the black fpots of a die, and careleflly clofing his eyes, on
a bright day, would fee the image of a die with red fpots upon
it, as above explained.

5. On emerging from a dark cavern, where we have long
-contiuued, the light of a bright day becomes intolerable to the
eye for a confiderable time, ewing to the excefs of fenfibility
exifting in the cye, after having been long expofed to. little or
no ftrnulus. This oceafions us ymmediately to contra& the
iris to its fmalleft aperture, which becomes again gradually
dilated, as the retina becames accuftomed to the greater flimulus
of the daylight.

The twinkling of a bright ftar, or of a diftant candle in the
night, is perhaps owing to the fame caufe. While we con-
tinue to ldok upon thefe luminous objefts, their central paxts.
gradually appear paler, owing to the decreafing fenfibility of
- the part of the retina expofed to their light; whilfl, at the
fame time, by the unfteadinefs of the eye, the edges of them
are perpetually falling on parts of the retina that were juft

befare:



ocular Specira of Light and Colours. 323

before expofed to the darknefs of the night, and therefore ten-
fold more fenfible to light than the part on which the ftar or
candle had been for fome time delincated. ‘This pains the eye
in a fimilar manner as when we comeé fuddenly from a dark
‘room into bright daylight, and gives the appearance of bright
fcmtxllatlons. Hence the ftars twinkle moft when the night is
darkeft, and do' not twinkle through telefcopes, as obferved by
MusscHENBROECK ; and it will afterwards be feen why this
twinkling is fometimes of different colours when the object is
very bright, as Mr. MELVILL obferved in looking at Sirius.
For the opinions of others on this fubje, fee Dr. PRIESTLEY's
valuable Hiftory of Light and Colours, p. 494.

- Many fa@s obfervable in the animal fyftem are fimilar to
thefe; as the hot glow occafioned by the ufual warmth of the
air, or our cloaths, on coming out of a cold bath; the pain of
the fingers on approaching the fire after having handled fiow ;
and the inflamed heels from walking in fnow. Hence thofe
Who have been expofed to much cold have died on bemg
brought to a fire, or their limbs have become fo much in-
flamed as to mortify. Hence much food or wine glven fud-
denly to thofe who have almoft perithed by hunger has de-
ftroyed them ; for all the organs of the famithed body are now
become fo much more irritable to the ftimulus of food and
wine, which they have long been deprived of, that inflammas«
tion is excited, which terminates in gangrene or fever,

Uuz2 Ve
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IV. OF DIRECT OCULAR SEECTRA.

A gutmtz{y of Jlimulus Jornewhat greater than natural ¢xcites
the retina into Jpafmodic action, which ceafes in a : few ferands.

A certain duration and energy of ‘the ftimulus of light and
eolours excites the perfeét aftion-of the retina in vifion; for
very quick motions are imperceptible to us, as well as very
flow ones, asthe whirling of a top, -or the thadow on a fun-
dial.  So perfe® darknefs does not.-affeét the eye atall; and
excefs of light produees pain, net vifion.

'7.. When a fire-coal is whirled round in’the dark,. a lucid
¢ircle remains. a confiderable time in- the eye ;: and that with fo
much vivacity of light, that it is miftaken for a continuance of
the irritation of the obje®. In the fame manner, when a
fiery meteor fhoots-acrofs the night, it appears to 1ea,yé a long;
lucid train behind: it, part-of which, and perhaps fometimes.
the whole, is owing to the continuance of the ation of the retina
after having been "thus vividly excited. = This is beautifully.
illuftrated by the following experimept : fix a paper fail, three
or four inches in diamater, and made like that of .a {moke jack,
in a tube of pafteboard; on looking through the tube at a:
diftant profpe@, fome disjointed parts. of it:will be feen.
through the narrow intervals between the fails ; but as the fly.:
begins to revolve, thefe intervals appear larger; and when it
revolves quicker, the whole profpedt is. feen quite as- diftiné:
as if nothing intervened, though lefs luminous.

2. Look through a dark tube, about half a yard Iong, at
‘the area of a yellow circle of half an inch diameter; lying

wpon a blue area of double that diameter, for half a minute;
4 and
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and on clofing your eyes the colours of the fpectrum will appear
fimilar to the two ‘fa?re%\s,ﬂ-'a@».i;tj fig. 3.5 but if the eye is kept
téo long upon them, the colours - of ithe '{peGrum will -be the
séverfe of thofe upon the. paper; that is; the: intermal circle
will become blue, and the external drea yellow; hence fome
attention is réquired in making this experiment:

" 3."‘»Pléc'fe the brightflame of ‘a  fpermaceti candie before 2
Blf’aék‘(‘)béje&" in i'the?:ﬁight ;+1dok . freadilyl -at itifor.a fhort ;time,
till it is'obferved  to -become formewhat paler ; cand o clofing
the eyes, and covering them carefully, but’netfo asto comprefs
them, the image of the. b}ang can?dslsecwdl continue. diftinétly
to be: vifible. -

‘4. Liook ﬁeadﬁy, for a fhort time, jat~a rwindéw .iv:a dark
6ay, as-in Exp. 2. S. 11r..and then  clofing ‘your eyes, and
covering them with -your hands, 2an-exact delineation of ‘the
window remains fdxj :fome’ time vifible in the eye.. ‘This: ‘éxpes
riment requires'a little pradticeto make itduccesd well; fince,
if the eyes are fatigued by:looking too long on the window, or
the day be-too bright; the luminous parts of the window will
appear dark in the {peftrum, and the dark parts of :the frame-
work will' appear - luminous,~as.in Exp. 2. S, 11t And it is
even difficult for .many, who.firft try this experlment, to per-
ceive the {peCtrum at all; for-any hurry of mind, or even too
great attention to the {pe&trum itfelf, will: dxfappoxntxhem, till
they have had: a little experiente - in- aétte«ndmg to: ‘fuch fmall
fenfations. .

The {peftra defcribed. in ' this” fedtion, termed: diret ocular
fpetra, are produced without much fatigue of the eye; the
irritation of the-luminous-obje&t being foon withdrawn,. or its
guantity of light being not fo great as to produce any degree of

uneafinefs in.the organ of vifion ; which diftinguithes -them.
from.
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from the next clafs of ocular {pe€tra, which are the corfes
quence. of fatigue. . Thefe direct {pe€tra are beft obferved in
fuch circumftances that no light, but what comes from the
obje&, can fall upon the eye; as in looking thn:Ough a tube,
of half a yard long, and an inch wide, at a yellow paper on
the fide of a room, the direét fpe€trum was eafily produced on
clofing thé eye without taking it from the tube: butif the
lateral light is admitted ‘through the- eye-lids, or by throwing
the {pectrum on - white- paper, it becomes a reverfe {pectrum,
as will be explained below.

. 'The other fenfes. alfo-retain for'a time the impreflions that
have been made upon them, or the afions they have been ex-
cited into. . So if-a hard body is prefled upon' the palm of the
hand, as is pra&ifed in tricks of legexdemain, it is not eafy to
diftinguifh for a few feconds whether it remains or is removed ;
and taftes continue long to exift vividly in the mouth, as the
fmoke of tobacco, or the: tafte of gentian, after the fapid
material is withdrawn.

v. 4 gquantity of ﬂzmulu.r Jfomewhat greater than the: la ‘mene
z‘zoned excites the retina into [pafmodic action, which ceaﬁ: and
recurs alternately.

1. On looking for a time on the fetting fun, {0 as not
greatly to fatigue the fight, a yellow {pe€rum is feen when
‘the eyes are clofed and covered, which continues for, a time,
and then difappears, and recurs repeatedly before it intirely
vanithes. This yellow fpe&trum of the fun when the eye-
lids are opened becomes blue ; and if it 1s made to fall on the
green grafs, or on other coloured objets, it varies its own

| colour
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colour by an intermixture of theirs, as will be explained in
another place.

2. Place a lighted fpermaceti candle in the night about one -
foot from your eye, and look fteadily on the center of the
flame, till your eye becomes much more fatigued than in S. 1V.
Exp. 3.; and on clofing your eyes a reddifh fpe&trum will be
perceived, ‘which will ceafe and return alternately.

The a&tion of vomiting in like manner ceafes, and is
renewed by intervals, although the emetic drug is thrown up
with the firft effort: fo after-pains centinue fome time after
parturition ; and the alternate: pulfatlons of the he'm of a viper
are renewed for fome time after it is cleared from its blood..

VI. OF REVERSE OCULAR SPECTRA.

The retina after baving been excited into adtion by a flimulus
Jomewbar greater than the loff mentioned falls: into oppofite
Spafmadic action.

The a&ions of every part of ammaI bodies,may be advan-
‘tageoufly compared with each other. ‘This firiét. analogy con-
tributes much to the inveftigation of truth ‘while thofe loofér
analogles, Wthh ‘compare the phaanomena of animal life with
‘thofe of chemlﬁry or mechanms, only ferve to miflead ousr
inquiries.

When any of our larger mufcles have been. i in Tong or in
violent ation, and their antagomﬁs have been at the fame
time extendcd as foon as ‘the a&ion of the former ceafes, the

_limb is ftretched the contrary way for our cafe, and a pandicu~
lation or yawn._mgvtakes, gla‘cc.z

7 By
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“'By the, féllo’wmg <obfervations-it appears, that:a fimilar cire
cumftance obtains in the organ of vifion; after it has been
fatigued by one kind of a&ion, it fpontaneonfly’ falls into. the
oppofite kind. ’ ‘

1. ‘Place a piece of - coloured filk,  about an inch in dxameter,
on a'theet of white paper, about: half a yard from your eyes;
look fteadily upon: it -for ‘a minute; then remove your eyes
upon another patt-of the- white: paper, and a fpe@rum will be
feen of the form - of 'the filk: thus infpeted; but of a colour
»oppoﬁtc to it A {peé\%rum nearly: firmilar will appear if the
eyes are’ clofed, -and the eyelids fhaded by approaching the
hand' near ‘thei, {6 ‘as to: permit fome-but to' prevent toe
.much light falling on them.

Red fifk produced.a green {peGrum.
‘Green produced a red one.
-Qrange:produced blue.

Blue produged: orange..

Yellow produced violet.

Violet produced yellow.

“That in thefe experiments the colours of the fpetra are the
-reverfe of the colours’ which occafioned them, may be feen
iby examining the third ﬁghre in Sir IsAac NEwTon’s Optics,
L.IL p. 1. where thofe thin laminz of air, which refleted
“yellow, tranfmitted’ violet ; thofe which refle@ed red, tranf-
‘mitted a blue-green; and fo of the reft, agrecing with the
-experiments above related.

2. Thefe reverfc fpe&ra are fimilar to a colour, formed by a
-combination of all the primary colours except that with which
‘the eye has been fatigued in making the experiment: thﬁs the
reverfe {pe@rum of red muft be fuch a green as would be pro-

duced by a combination of all the other prifmatic colours.
To



ocular Specira of Light and Colours. 329
To evince this fa&t the following fatisfalory experiment was
made. The prifmatic colours were laid on a circular paﬁeboard ‘
wheel, about four inches in diameter, in the proportions de-
fcribed in Dr. PRIESTLEY's Hiftory of Light and Colours,
pl. r2. fig. 83. except that the red compartment was intirely
Ieft out, and the others proportionably extended fo as to com-
plete the circle. ‘Then, as the orange is a mixture of red and
yellow, and as the violet is a mixture of red and u1d1go, it be-
came neceflary to put yellow on the wheel inftead of orange, and
indigo inftead of violet, that theé experiment might more
exaltly quadrate with the theory it was defigned-to eftablith or
confute ; becaufe in gaining a green {pectrum from a red ob-
je&, theeye is fuppofed to have become infenfible to red light. .
This wheel, by means of an axis, was made to whirl like a
top; and on its being.put in motion, a green colour was pro-
duced, correfponding with great exatnefs to the reverfe fpec-
trum of red.

3. In contemplating any one of thefe reverfe {pedtra in the
clofed and covered eye, it difappears and re-appears-feveral times
fucceflively, till at length it intirely vanithes, like the dire&
fpetra in fet. v.; but with this additional circumftance, that
when the fpectrum becomes faint or evanefcent, it is inftantly
revived by removing the hand from before the eyelids, {o as to
admit more light : becaufe then not only the fatigued part of
the: retina 1s inclined fpontaneoufly to fall into motions of a-
contrary direction, but being ftill fenfible to all other rays of
light, except that with which it was lately fatigued, is by
thefe rays at the:fame time ftimulated into thofe motlons.
which form the reverfe fpeGtrum.

From thefe experiments there is reafon to conclude, that the
fatigued part of the retina throws itfelf into a contrary mode

Vor. LXXVL X x of
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of ation, like oftitation or pandiculatlon, as foon as the ftimu-
lus which has f'\tlgued it 1s withdrawn ; and that it ftill re~
mains fenfible, that is, liable to be excited into a&tion by any

other colours at the fame time, except the colour with which
it has been fatigued.

vit. The retina after having been excited into astion by a Simulus
JSomewhat greater than the laff mentioned falls into various

Jucceffive [pafinodic aclions.

1. On looking at the meridian fun as long as the eyes can
‘well bear its brightnefs, the difc firft becomes pale, with a lumi-
nous crefcent, which feems to librate from one edge of it to
the other, owing to the unfteadinefs of the eye; then the
whole phafis of the {fun becomes blue, furrounded with a white
halo; and on clofing the eyes, and covering them with the
hands, a yellow {pe&trum is feen, which in a little time
changes into a blue one.

M. pe La HrrE obferved, after looking at the bright fun,
that the impreffion in his eye firft affumed a yellow appearance,
and then green, and then blue; and withes to afcribe thefe
appearances to fome affettion of the nerves. (PoRTERFIELD on
the Eye, Vol. 1. p. 343.)

2. After 1‘ooking fteadily on about an inch fquare of pink
filk, placed on white paper, in a bright funfhine, at the dif-
tance of a foot from my eyes, and clofing and covering nmy‘
eyelids, the fpetrum of the filk was at firft a dark green, and’
the fpeCtrum of the white paper became of a pink. The
{pe&ra then both difappearcd‘ ; and then the internal fpeGtrum
was blue; and then, after a {econd difappearance, became yellow,

and
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and laftly pink, whilft the fpe@rum of the field varied into red
and green.

Thefe fucceflions of different coloured f{petra were not
exactly the fame 1n the different experiments, though obferved,
as near as could be, with the fame quantity of light, and
other fimilar circumftances; owing, I fuppofe, to trying too
many experiments at a time; fo that the eye was not quite
free from the fpectra of the colours which were previouily
attended to.

The alternate exertions of the retina in the preceding fection
refembled the ofcitation or pandiculation of the mufcles, as
they were performed in diretions contrary to each other, and
were the confequence of fatigue rather than of pain.. And
in this they differ from the fucceflive diffimilar exertions of
the retina, mentioned in this feGion, which refemble in mi-
niature the more violent agitations of the limbs in convulfive
difeafes, as epilepfy, chorea S. Viti, and opifthotonos; all
which difeafes are perhaps, at firft, the confequence of pain,
and have their periods afterwards eftablithed by habit.

viil. The retina, after baving been excited into attion by a flimulus
Jomewbhat greater than the laft mentioned, falli into a fixed
Jpafmodic allion, which continues for fome days.

1. After having looked long at the meridian fun, in making
fome of the preceding experiments, till the difcs faded into a
pale blue, I frequently obferved a bright blue fpectrum of the
fun on other objecs all the next and the fucceeding day, which
conftantly occurred whenT attended to it, and frequently when -
1 did not previoufly attend to it. When I clofed and covered

Xxz2 my
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my eyes, this appeared of a dull yellow; and at other times
mixed with the colours of other objeits on which it was
thrown., It may be imagined, that this part of the retina was
become infenfible to white light, and thence a bluifh fpe¢trum
became vifible on all luminous objects; but as a yellowifh {pec-
trum was alfo feen in the clofed and covered eye, there can
remain no doubt of this being the fpe@rum of the fun. A
fimilar appearance was obferved by M. AriNvs, which he
acknowledges he could give no account of. (Nov. Com. Petrop.
V. 10, p. 2.2and 6.)

The locked jaw, and fome cataleptic fpafms, are refembled
by this phaenomenon; and from hence we may learn the dan-
ger to the eye by infpecting very luminous objeéts too long a
time.

1X. A quantity of fimulus greater than the preceding induces &
temporary paralyfis of the argan of wvifion.

1. Place a circular piece of bright red filk, about half an
inch in diameter, on the middle of a fheet of white paper;
lay them on the floor in a bright funthine, and fixing your
eyes {teadily on the center of the red circle, for three or four
minutes, at the diftance of four or fix feet from the obje&, the
red filk will gradually become paler, and finally ceafe to appear
red at all.

2. Similar'to thefe are many other animal faéts; as purges,
opiates, and even poifons, and contagious matter, ceafe to
ftimulate our fyftem, after we have been habituated to their
ufe. So fome people fleep undifturbed by a clock, or even by
« forge hammer in their neighbourhood: and not only conti-
nucd irritations, but violent exertions of any kind, are {ucceeded

by
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by temporary paralyfis. ‘The arm drops down after violent
ation, -and continues for a time ufelefs; and it is probable,
that thofe who have perifhed fuddenly in fwimming, or in
fcating on the ice, have owed their deaths to the paralyfis, or
extreme fatigue, which fucceeds every violent and cohtinued

exertion.

X. MISCELLANEOUS REMARKS.

There were fome circumflances occuired in making thefe
experiments, which were liable to alter the refults of them,
and which I fhall here mention for the afliftance of others, who
may with to repeat them.

1. Of direct and inverfe [peétra exifiing at the fame time; of

© reciprocal direét [peciray of a combination of direc? and inverfe
Jpectras of a fpeciral balos rules to pre-determine the colour's of
Jpecira,

a. When an area, about fix inches fquare, of bright pink
Indian paper, -had been viewed on an area, about a foot {quare,
of white writing paper, the internal fpe&rum in the clofed eye
was green, being the reverfe fpe@rum of the pink paper; and
the external fpe@trum was pink, being the dire& fpectrum of the
pink paper. The fame circumftance happened when the in-
ternal area was white, and external one pink; that is, the
internal fpetrum was pink, and the external one green. All
the fame appearances occurred when the pink paper was laid
on a black hat.

b. When fix mches fquare of deep violet polithed paper was
viewed on a foot fquare of white writing paper, the internal

{pe@rum
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fpé&rpm was yellow, being the reverfe {petrum of the: violet
paper, and; the external one was violet, being the dire& - fpec-
trum of the violet paper..

¢ When fix inches {quare of pink paper was viewed on a foot
fquare of blue paper, the internal fpeCtrum was blue, and the
external {peGtrum was pink ; that 1s, the internal one was the
diret {petrum of the external object, and the external one was
the diret fpedtrum of the internal obje, inftead of their being
each the reverfe fpe&rum of the obje&s they belonged to.

d. When fix inches {quare of blue - paper were VICWCd ona
foot {quare of yellow paper, the interior {peétrum became a
brilliant yellow, and the exterior-one a-brilliant blue,  The
vivacity of the fpectra was owing to their being excited both by
the ftimulus of the interior and exterior objects 5 fo that the
interior yellow {peCtrum was both the reverfe {pe&trum of the
blue paper; and the dire& one of thé yellow paper; and the
exterior blue {pectrum was both the reverfe fpe&rum of the
yellow paper, and the dxreé’c one of the blue paper.

e. When the internal area was only a fquare half-inch of
red paper, laid on a fquare foot of dark violet paper, the in-
ternal {peGtrum was green, with a reddith-blue halo. When
the red internal paper was two inches fquare, the internal
fpeCtrum was a deeper green, and the external one redder.
When the internal paper was fix inches fquare, the {peGtrum
of it became blue, and the {fpe&rum of the external paper was
red. |

J- When a fquare half-inch of blue paper was laid on a fix-
inch fquare of yellow paper, the {pe&rum of the central paper
in the clofed eye was yellow, incircled with a blue halo. On
looking long on the meridian fun, the difc fades intoa pale blue
{urrounded with a whitifh halo.

5 Thefe
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Thefe cu‘cumfhnces, ‘though they very 1 much perplexed the
experiments till they were mveﬁlgated admit of a fatisfactory
explanatxon ; for while the rays from'the brlght internal ob-
je&t in exp. a. fall thh their full force on the center of the
retina, and, by fatlgumg that part of it, induce the reverfe
{pe€trum, many {cattered mys, from the fame internal pink
paper, fall on the more external parts of the retina, but not in
fuch quantity as to occafion much fatigue, and hence induce
the dire& fpe@trum of the pink colour in thof€ parts of the
eye. ‘'The fame reverfe and dire€ fpectra occur from the violet
paper in exp. 4.: and in exp. ¢. the fcattered rays from the
central pink paper produce a direc fpe&rum of this colour on
the external parts of the eye, while the fcattered rays from
the external blue paper produce a diret {pe&trum of . that colour
on the central part of the eye, inftead of thefe parts of the
retina falling reciprocally into their reverfe fpectra. In exp. 4.
the colours being the reverfe of each other, the {cattered rays
from the exterior object falling on the central parts of the eye,
and there exciting their dire@ {petrum, at the fame time that
the retina was excited info a reverfe fpe@trum by the central
objed, and this direct and reverfe {petrum being of fimilar
- colour, the fuperior bulhancy of this fpeCtrum was p1oducea.
In exp. e. the effe& of various quantities of {timulus on the
retina, from the different refpective fizes of the internal and
external areas, induced a fpe&rum of the internal area in the
center of the eye, combined of the reverfe fpectrum of that in-
ternal area and the dire&t one of the external area, in various
thades of colour, from a pale green to a deep blue, with fimi-
lar changes in the fperum of the external area. For the fame
reafons, when an internal bright obje@ was fmall, as in exp. fo
inftead of the whole of the {perum of the external objet

being



336 Dr. Darwin's Experiments on the
being reverfe to the colour of the internal obje@, only a kind
of halo, or radiation of colour, fimilar to that of the internal
obje&, was fpread a little way on the external fpe&rum For
this internal blué area being fo finall, the fcattered rays from it
extended but a little way on the image of the external area of
yellow paper, and could therefore produce only a blue halo

round the yellow {pe&rum in the center. |

If any one fhould fufpet that the feattered rays from the
exterior coloured objet do not intermix with the rays from the
interior coloured objet, and thus affet the central part of the-
eye, let him look through an opake tube, about two feet in
length, and an inch in diameter, at a coloured wall of a room
with one eye, and with the other eye naked ; and he will find,,
that by fhutting out the lateral light, the area of the wall feen
through a tube appears as if illuminated by the funthine, com-
pared with the other parts of it ; from whence arifes the advan-
tage of looking through a dark tube at diftant paintings.

Hence we may fafely deduce the following rules to determine
before-hand the colours of all {peétra. 1. The direct Jfpectrum
without any lateral light is. an evanefcent reprefentation of its
objeét in the unfatigued eye. 2. With fome lateral light it~
becomes of a colour combined of the dire&t fpetrum of the
central objet, and of the circumjacent objeéts, in proportion
to their refpetive quantity and brilliancy. 3. The reverfe
Jpectrum without lateral light is a reprefentation in the fatigued
eye of the form of its objetts, with fuch a colour as would
be produced by all the primary colours, except that of the ob-
je&t. 4. With lateral light the colour is compounded of the
reverfe {pe€trum of the central objet, and the dire&t {petrum
of ‘the circumjacent objelts, in proportion to their refpective
quantity and brilliancy.

7 .
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11. Variation and vivacity of ‘the fpecira occafioned by extrancous
- highe.

The reverfe fpeGtrum, as has been before explained, is fimi-
lar to a colour, formed by a combination of all the pr1mary
colours, except that with which the eye has been fatigued in
making the experiment : {o the reverfe {petrum of red is fuch
a green as would be produced by a combination of all the other
prifmatic colours. Now it muft be obferved, that this reverfe
fpe@rum of -red is therefore the dire@ fpeftrum of a combina-
tion of all the other prxfmatlc colours, except the red whence,
on removing the eye from a piece of red filk toa fheet of
white paper, the green fpe®rum, which is perceived, may
either be called the reverfe {pe&trum of the red filk, or the
dire& {pe&trum of all the rays from the white paper, except
the red; forin truth it is both. Hence we fee the reafon why
it is not eafy to gain' a dire&t {fpe@rum of any' coloured objeck
in the day-time, where there is much lateral light, except of
very bright objetts, as of the fetting fun, or by looking
through an opake tubes; becaufe the lateral external light
falling alfo on the central part’ of the retina, contributes tg
induce the reverfe {pe&trum, which is at the fame time the
dire& {pe&rum of that lateral light, dedué’cing only the colour
of thecentral obJe& which we have been viewing. And for the
fame reafon, it is difficult to gain the reverfe {pe¢trum, where
there is no lateral light to contribute to its formation. Thus,
in looking through an opake tube on a yellow wall, and clofing
‘my eye, without admitting any lateral light, the {petra were
all at firft yellow ; but at length changed into blue. And on
looking in the fame manner on red paper, Idid at length get a,

Vor. LXXVL Yy green
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green fpe&rum but they were all at firft red ones: and the
fame after looking at a candle in‘the night.

“T'he reverfe {peGirum was formed thh greater facility when
the eye was thrown from the object on a theet of white paper, -
or when llght was admltted through the clofed eyehds ; be-
caufe not ohly the fatrgued patt of the retma was- incliried
fpontmeouﬂy to fall mto motions of'a contrary ‘dire&ion; but
Bemg fhll fenfible to all other rays “of: Light except that with
which it Was lately fatlgued .was by thefe rays flimulated at
the fame time into thofe  motions which form the reverfe fpec,
trom. Hence, when the reverfe fpe&rum of ady colour be=
&t‘ame faint, it was wonde«rfully revived by admlttmg more light
-through the eyehds, by remoéving the hand from béfore them :
and‘'hence; on covermg the clofed eyehds, ‘the fpetrum would:
often ceafe for ‘a time, till the retina became fenfible to the
ftimulus of the fmallér qﬁamlty of hght and then. it recurreds.
Nor was the fpe&rum only ch"mged in vivacity, orin degree,.
by this admiffion of Tight through the eyehds, but it fre-
quently happened after having viewed brlght objes, that the
fpe@ﬁrum in thé clofed and covered eye was changed into a third
fPe&lUﬂl ‘when “light ‘was admitted- through the eyelids
which’third {pe@rum was compofed of fuch' colours as could
pafs threugh the eyelxds except thofe of the obje&. Thus,,
when an area of half an inch ' diameter of pmk paper was.
viewed on a {heet of white paper in the funihme, the fpe&rum
with clofed and covered eyes ‘was green 3 but on removing the:
hands from before the clofed eyelids, the fpeftrum became
yellow, and returned inftantly again to green, as often. as the
hands were applied to cover the eyelids, or removed’ from:
them: for the retina being now infenfible to red light, the
yellow rays paﬂ”mg through the eyelids in greater quantity
than the other colours, induced a yellow fpeGtrum 3 whereas: if’

the
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the fpe&rum was thrown oti white. paper, with the eyes open, it
becam - only a hghter green.

“Though ‘ certain quantity of light facilitates the formation
of the reverfe {pe¢trum, a greater quantxty prevents its forma-~
tion, as the more powerful ftimulus - excites even the fatlgued
parts ‘of the eyé into alion; othérwife- we thould' fee- the
fpe&num of ‘the laft viewed objeét as ‘often ‘as Wwe: turn, our

eyes. Hence' the reverfe {pectra are beft feen by gradually‘a ap~
proachmg the hand near the clofed eyehds to a certain diftance
only, w which muft be varied with the bnghtnefs of the day, or
the energy of the’ fpe&rum 'Add to this, that all ‘dark fpe&ra,
as 'black," blue, or green, if llght be admitted through- the: ‘eye=
lids, - after ‘they have been fome time covered, give reddifh
fpe&ra, for the reafons given in fe&. 1IL. exp. 1. :

- From thefe circumftances of the extrancous light comcxdmg
wnh the {pontaneous efforts of the fatigued retina to produce a
reverle lpe&rum, as was obferved before, it is not caly to gam3
a dire@ fpectrum, except of objects brighter than the ambient
light;; fuch as a candle in the night, the fetting fun, or view-"
ing a bright object through:an.opake tube ; and then the reverfe
{pe@rum is mftantancoufly produced by the admiffion of fome:
external light; and is as inftantly converted again to the direct
fpe@rum by the exclufion of it. Thus, on looking at the fet-
ting fun, on clofing the eyes, and covering: them, a- yellow
fp-ctrum is fzen, whxch is the dire&t fpe&rum of the fetting-
fun; but on opening - the eyes on the {ky, the yellow:
{p:C.um’ is inmediately changed into a blue one, which
15 the reverfe {pe@rum of the yellow fun, or'the dire¢t fpec-
tram of the blue fky, or a combination of both. And this
is again transformed into a yellow one on clofing the eyes,
a:d fo reciprocally, as quick -as the motions of the opening
and'clofiag eyelids, Hence, when Mr. MELVILL obferved

Yye the
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the {cintillations of the ﬁar Sirius to be fometimes coloured,j
partsvof the retina fatigued by thc,,_whlte;. hght,,_of ;thew _ﬁ:_ar._
(Effays Phyfical and Literary, p. 81. V. 2.)

When a dire& {peGrum is thrown on colours darker than
itfelf, it mixes with them; as the yellow {perum of the
fettmg Jun, thrown on the green grafs, becomes a greener
yellow. . But. when a dire¢t fpetrum is thrown on colours
brighter, than itfelf, it becomes inftantly chmged into the
reverfe : {pe@rum, which mixes with thofe brighter co-
lours. So the yellow {peGtrum of the fetting .fun thrown on
the luminous {ky becomes blue, and changes with the colour
or brightnefs of the clouds on which it appears. But the re-
verfe fpeCtrum mixes with every kind of colour-on which it is
thrown, ‘whether brighter than itfelf or not : thus the reverfe
fpeGrum, obtained by viewing a piece of yellow filk, when
thrown-on white paper was a lucid blue green ; when thrown
on black Turkey leather becomes 3 deep violet. And the fpec-
trum of blue filk, thrown on white paper, was a light yel-
low ; on black filk was an obfcure orange; and the blue fpec-
trum, obtained from orange-coloured filk, thrown on yellow,
became a green,

In thefe cafes the retina is thrown into a&ivity or fenfation
by the ftimulus of external colours, at the fame time that it
continues the a&ivity or fenfation which forms the fpeé‘cm ; in
the fame manner as the prifmatic colours, pamted on a whirl-
ing top, are feen to mix together. ‘When thefe colours of ex-
ternal objects are brighter than the dire@ fpe&rum which is
thrown upon them, they change it into the reverfe fpectrum,
like the admiffion of external light on a dire& fpe@rum, as
explained above. When they are darker than the direct {pec-

trum
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trum, they mix with it, their weaker ftimulus being -infuffi-
cient to induce the reverfe fpe&trum.

111. Variation of fpefira in refpelt to number and figure and
remiffion.

When we look long and attentively at any obje&, the eye
cannot always be kept intirely motionlefs; hence, on infpe&t-
ing a circular area of red filk placed on white paper, a lucid
crefcent or edge is feen to librate on one fide or other of the red
circle : for the exterior parts of the retina fometimes falling on
the edge of the central filk, and fometimes on the white paper,
are lefs fatigued with red light than the central part of the re-

“tina, which is conftantly expofed to it; and therefore, when -
they fall on the edge of the red filk, they perceive it more
vividly. Afterwards, when the eye becomes fatigued, a green
fpe€trum in the form of a crefcent is feen to librate on one fids,
or other of the central circle, as by the unfteadinefs of the
eye a part of the fatigued retina falls on the white paper ; and
as by the increafing fatigue of the eye the central part of the
filk appears paler, the edge on which the unfatigued part of
the . retina occafionally falls will appear of a deeper red than
the original filk, becaufe it is compared with the pale internal
part of it. M. pE Burron in making this experiment obferved,

that the red edge of the filk was not only deeper coloured than
the original filk; but, on his retreating a little from it, it be-

came oblong, and at length divided into two, which muft have
been owing to a change of the angle of the two optic axifes

with the new diftance he obferved it at, Thus, if a pen is

held up before a diftant candle, when we look intenfely at the
pen two candles are feen behind it; when we look intenfely at

7 the
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the candle two pens are feen. If the fight be unfteady ‘at'the

. time of beholding the fun, even though -one eye only bé ufed,
many images of the fun will appear, or luminous lines, when the:
eyeisclofed. And as fome parts of .thefe will be'more vivid than
others, and fome parts of them will be produced nearer the
center of the eye than others, thefe will difappear fooner than
the others; and hence the number’ and' fhape of ‘thefe {peétra
of the fun will continually ‘vary, as-long- as they exift.” The
caufe of fome being more vivid than others, is the unfteadinefs
of the eye of the beholder, {o"that - fome--parts-of the- retina-
have been longer expofed to the funbeams:. That fome parts
of a complicated fpectrum fade and return before other parts of
it, the following experiment-evincess Draw three ‘concentric
circles; the external one an inch and a half-iw’ diameter, the’
middle one am inch, and the internal one- half ‘an inch ; colour
the external and internal areas blue,”and the remaining one
yellow, as in fig. 4.; after having looked about a minute on-
the center of thele circles,.in ‘a bright light, the fpe&rum of
the external area appears firft in the-clofed eye; then the middle
area, and laftly the central one; and then the central one dife-
appears, and-the others in inverted-order: If concentric circles
of more colours are added, it produces the'beautiful ever ching.’
‘ing fpeGtrum in fect. L exp. 2. ‘

- From hence it would feem, “that the center -of ‘the eye pro-
duces quicker remiffions of {peftra, owing -perhaps to’its
greater {enfibility; that is, to its- more energetic exertions.
Thefe remiffions of fpetra bear fome analogy tothe tremors’
of the hands, and palpitations of the heart, of weak people‘:
and perhaps a criterion of ‘the ﬁrength of -any mufcle or nerve-
may be taken from the time it can be continued in exertion.

3 1V,
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vv. Variation of fpefira in refpect to brilliancy 5 the vifibility of the
circulation of .the blood inthe eye.. ‘

1. 'The meridian or evening light makes a difference in the
colours of fome fpeétra; for as the fun defcends, the red rays,
which are lefs refrangible by the convex atmofphere, abound
in great quantity. Whence the {pedirum of the light parts of

‘a window at this time,, or early in the morning, is red ; and
becomes blue either ‘a little later or earlier; and white in the
meridian day ; and is alfo variable from the colour of the clouds:
or {ky which are oppofed to-the window..

2. All thefe experiments. are liable to be confoundkd, if they
are made too. foon after each other, as the remaining fpeétrum.
will mix with the new ones. This is a very troublefome cir-
cumftance to painters, who are obliged to look long upon the fame:
colour ; andin particular to thofe whofe eyes, from natural de-
bility, cannet long continue the fame kind of exertion.. For
the fame reafon, in making thefe experiments, the refult be-
comes much varied if the eyes, after viewing any objeét, are-
removed on other obje&s for but an inftant of time, before we
clofe them to view the {petrum ;. for the light from: the obje,.
of which we had only a tranfient view, in the very time of
elofing.our eyes acts as-a ftimulus on.the fatigued retina;. and
for a time prevents the defired {fpectrum. from appearing, or
mixes its own fpeCtrum with it.. Whence, after the eyelids:
are clofed, either a dark field, or fome unexpeted colours, are
beheld for a few {econds,. before the defired fpeCtrum becomes.
diftinétly vifible.

3. The length of time taken up in viewing an: object, of
which we are to obferve the {peCtrum,, makes a great difference

1
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in the appearance of the fpe&rum, not only in its vivacity, but
in its colour; as the direG {pe€trum of the central obje&, or of
the circumjacent ones, and al{o. the- reverfe fpeétra of both,
with their various combinations, as well as. the time of their
duration in the eye, and of their remiffions or alternations,.
depend upon the degree of fatigue the retina is fubjeted to.
The Chevalier p’Arcy conftruéted a machine by which a coal
of fire was whirled round in the dark, and found, that when'a
luminous; body made a revolution in: eight thirds of time, it
prefented to the eye a complete circle of fire; from whence he
concludes, that the impreflion continues on the organ about
the feventh part of a fecond. (Mém. de I’Acad. des Sc.
1765.) This, however, isonly to be confidered as the thorteft
time of the duration of thefe direét {petra; fince in the fas
tigued éye both the direét and reverfe {pcira, ‘with - their
intermiflions, appear to take up many feconds of time, and
feem very variable in proportion to the circumftances of
fatigue or energy.

4. It fometimes happens, if the eyeballs have been rubbed
hard with the fingers, that lucid {parks are feen in quick mo-
tion amidft the {pe&rum we are attending to. This is fimilar
to the flathes of fire from a ftroke on the eye in fighting, and
1s refembled by the warmth and glow which appear upon the
fkin after friction, and 1s probably owing to an acceleration of the
arterial blood into the: veflels emptied. by the previous. preflure.
By being accuftomed to obferve fuch {mall {fenfations in the eye,.
it is eafy to fee the circulation of the blood in this organ. 1
have- attended to this frequently, when I have obferved my
eyes more than commonly fenfible to other {peétra.  The
circulation may be fcen either in both eyes at a time, or only
in one of them ; for as a certain quantity of light is neceflary
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to produce this curious phznomenon, if one hand be brought’
neare1 the clofed eyehds than the other, the circulation i in that
eye will for a time difappear. For the eafier viewing the circu-
lation, it is fometimes neceﬂ'ary fo rub the eyes with a certain
degree of force after they are clofed, and to hold the breath
rather longer than is agreeable, which, by accumulating more
blood in the eye, facilitates the experiment ; but in general it
may be feen dlﬁm&Iy after havmg examined other fpectra with
your back to the light, till the eyes become weary; then
having covered your. clofed eyelids for half a minute, till the
fpe&trum is faded away thch you were examining, turn your
face to the llght and removing your hands from the eyelids,
by and by again fhade them a little, and the circulation be-
comes curioufly diftin&. The fireams of blood are howevef\
generally feen to unite, which fhews it to be the venous circu-
lation, owing, I fuppofe, to the greater opacity of the colour
of the blood in thefe veflels ; for this venous circulation is alfo
much more eafily feen by the microfcope in the tail of a tadpole.

v. Variation of [pectra in refpeft to diftinzinefs and fi Sfizes with a
- mew way qf magnifying objects.

. It was before obferved, that when the two colours viewed
together were oppofite’ to each other, as yellow and blue, red
and green, &c. qccordmg to the table of refle@tions and tranf-
miflions of hcrht in Sir Isaac Newrton’s Optics, B. II. ﬁcﬂ
3. the fpe@cra of thofe colours were of all others the moft bril-
liant, and beft defined; becaufe they were combined of the
reverfe fpe&rum of one colour, and of the dire& {pe€trum of

the other. Hence, in books printed with {mall types, or in
Vor. LXXVL Z z thé
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the minute graduation of thermometers, or of clock-faces,
which are to be feen at a diftance, if the letters or figures are
coloured with orange, and the ground with mchgo or the
letters with red, and the ground with green; or any other
lucid colour is ufed for the letters, the {petrum of which is
fimilar to the colour of the ground; fuch letters will be feen
much more diftiné&tly, and with lefs confufion, than in black or
white: for as the {peGtrum of the letter is the fame colour
with the ground on which they are feen, the unfteadinefs of
the eye in long attending to them will not produce coloured
lines by the edges of the letters, which is the principal caufe of
their confufion. The beauty of colours lying in vicinity to each
other, whofe fpectra are thus reciprocally fimilar to each co-
lour, is owing to this greater eafe that the eye experiences in
beholding them diftin&ly ; and it is probable, in the organ of
hearing a fimilar circumftance may conftitute the pleafure of
melody Sir Isaac NewToN obferves, that gold and indigo’
were agreeable when viewed together ;. and thinks there may
be fome analogy betwecen the fenfations of light and found.
(Optlcs, Qu. 14.)

In viewing the {peétra of bright obJe&s, asof an area of red filk
of half an inch diameter on white paper, it is eafy to magnify it
to tenfold its fize: for if, when the {pedtrum is formed, you
flill keep your eye fixed on the filk area, and remove it a few
inches further from you, a green circle is feen round: the red
filk: for the angle now fubtended by the filk is lefs than it
was when the {pe@rum was formed, but that of the fpe@rum
continues the fame, and our imagination places them at the
fame diftance. Thus when you view a {petrum on a ftheet of
‘white paper, 1f you approach the paper to the eye, you may
diminifh it toa point; and if the paper is made to recede from

5 the
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the .eye, the fperum will appear magnified in proportion to
the diftance.

I was furprifed, and agreeably amufed, with the following
experiment. I covered a paper about four inches {quare with
yellow, and with a pen filled with a blue colour wrote upon.
the middle of it the word BANKS in capitals, as in fig. 5.and,

Aitting with my back to the fun, fixed my eyes fora minute
exally on the center of the letter N in the middle of the
word ; after clohng my eyes, and thading them fomewhat
with my hand, ‘the word was diftin@ly feen in the fpeé’crum
‘in yellow letters on a blue field; and then, on opening my
“eyes on a yellow1[h wall at twenty fect diftance, the magnified
name of BANKS appeared written on the Wall in golden cha~
ratters.

CONCLUSION.

It was obferved by the learned M. Sauvaces (Nofol. me-
thod. Cl. VIIL Ord. 1.) that the pulfations of the optic artery
might be perceived by looking attentively on a white wall well
illuminated. A kind of net-work, darker than the other parts
of the wall, appears and vanifhes alternately with every pulfa-
tion. ‘This change of the colour of the wall he well afcribes
to the compreflion of the retina by the diaftole of the artery.
The various colours produced in the eye by the preflure of the
finger, or by a ftroke on it, as mentioned by Sir Isaac Nrw-
toN, feem likewife to originate from the unequal preflure on
various parts of the retina. Now as Sir Isaac NewTon has
thewn, that all the different colours are refle¢ted or tran{mitted
by the laminzx of foap bubbles, or of air, according to their
different thicknes or thinnefs, is it not probable, that the

Zzz2 effect
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effect of the aéhwty of the retina may be to alter its thicknefs
" or thinnefs, fo as better to adapt it to reflect or tranﬁmt the
.colours which ftimulate it into ac‘llonp Mwy not mufcular
fibres exift in the retina for this purpofe, which ‘may be lefs
minute than the locomotive mufcles of mlcrofcopxc ammals?
:May not thefe mufcular a&lons of the retma confhtutc the
of them, when the obJe& is w1thdrawn, onf’cltute our mc-
mory of them? And laftly, may not the laws of the fenfa-
tions of light, here inveftigated, be applicable to all our other
fenfes, and much contribute to elucidate ‘many phaznomena of

animal bodies bothin their healthy and difeafed ftate; and thus
render this inveftigation well worthy the attention of the phy-
fician, the metaphyfician, and the natural philofopher ?

iberby, Nevember 1, 17835,
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