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THEORIE$ 0F COLOUR-PERCEPTION.

Br SWAN M. BURNETT, M.D,,
Prof. of Ciin, Ophthalmology and Otelory in the Univ, of Georgetown ; Ophthaimie
and Aural Burgeon to the Garfleld Memorial Hoapital ; Surgeon-in-Charge
s of the Eye and Ear Department of the Central Dispensary and
Emergency Hespital, Waahington, D, C.

I7 ia & well-established prineiple of scientific phﬂompb]’, that, in the
explanation of natural phenomena, that theory should stand nearest to
acceptance which is most in keeping with laws that have been fully
demonstrated, or that present some approach to harmony with authen-
ticated fucts of an aoalogous character. 'Fhat a theory can accoant for
phenomena is not a sufficient reason for its unequivocal acceptance; it must
seeount for them in accordance with the laws that Lave been found to
govern all phenomena of like nature.

‘When the action of such lawe is obseure and not clearly understood,
and when there are no clogely allied facts to full back on in the constroc-
tion of & theory, then we are permitted to indulge in speculations, which
can be provisiooally accepted until other theories, better substantiated by
newly discovered facts, arise to take their places; and sa the laws conirol-
ling any manifestation of nature are not yet, and from the necessity of the
case probably never will be, fully understood, no theory concerning any
phenomenon can be considered as fxed. The troly scientific mind, there-
fore, always holds itself in readiness to change ita attitode towards any of
the workings of nature as our constantly increasing knowladge may demand.

The question of eolour-perception is one which opens a very wide field
for the display of speculation, and yet the theories on the subject have-
been, considering this fact, wonderfolly few. As we only came on to any-
thing like accurate knowledge concerning the properties of light with
Newton, we are justified in regarding the truly scientific idess concerning
the perception of colour as beginning with him.

Theories of Newton and Young.—Since Newton looked wpon light as
the result of the action on the eys of corpuseles of & material kind emanat-
ing from luminous bodies, it was patural for him to suppose that the size
of these corpuscles or the velocity with which they travelled, had something:
to do with the pereeption of colour, sinos it was on these qualities of the-
emiited pariiclus that he accounted for the physical constitution.of light,.

1



and for its decomposition into the salar spectrum. We accordingly find
bim adopting the theory that the pa.rt';c]ea of light excite the retina
aocording to their nature and bigness, and thus give rize to different sen-
rations of coloar. His views on the subject may be inferred from the fol-
lowing extract from the fourth edition of his Gpticks (1730) pp. 818-819.
They are in the form of questions which he appended to Book II1. of the
third edition, the last which bhad revision st his hands.

* Qu. 12, Da not the rays of light in fulling upon the bottom of the eye excite
vibrations in the Tunica Relina? Which vibmabtions heing ted along the
solid fibres of the optic nerves into the bruin, canse the sense :ﬁ seeing. For
becsnse dense bodies conserve their heat! for a long time snd the den bodies
comserve their heat the | t, the wibrations of their parts are of &' lasting
nature, and, therefore, may be propagated alonp solid fibres of uniform dense
matter to a great distance, for conveying into the bruin the impressions made
upon ali the organs of sense. For that motien which can continue lopg in one
und the same part of & body, can be propagated a long way from one part to
anather, mupposing the body homogeneal, so that the motion may oot be reflected,
refracted, interrupted, or disordered by any unevenness of the body,

“ Qu. 13. Do not saveral sorts of rays make vibrations of seversl Lignesses,
which, sccording to their bi excite ions of seversl colours, much
sfter the manner that the vibration of miry murdinf to their several bignesses
excite sensations of several sounds?  And icularly do not the mest refrangi-
ble ays excite the shortest vibratd ng & tion of :fﬁp violet, t
least refrangible the longest for making a sensation of deep red, the several
intermediate sorts of ays, vibrations of peveral intermediate bignesses to make
senmtions of the seversl intermediate colonry 7

#Qu, 14. Moy oot the harmony and discord of colours arise from the proportions
of the vibrations propagated through the fibres of the optic nerves inta the brain,
84 the harmony and discord of sonnda arise from the pmroruom of the vibrations
of the air ? fur somme colours if they be viewed together, are sgreesble to one
another, as those of gold and indigo, wnd others disagres.*

Essentially the spame ideas were expressed by the eminent physiolo-
gist and physician, Wm. Poterfield, in his Treatise on the FEye, the
Manner and Phenomena of Vision, in two wolumes, Edinburgh, 1750,
We find in vol. 2, pp, 342-343, the following paragraph:—

#§ 5. The third manner in which colours may be considered is the passion of
our argan of sight, that is, the motions or vibrations excited in the fibres of the
retina by the impulse or stroke received from the mys of light ; which motions
or vibrations being propagated along the solid fibees of the optic nerves into the
brain, camse the sensatiom of colomre. For the rays of light being corpuscles of
different mEnituden, will, by wiriking the reting, exeite vibrations of different
bliﬁne;m‘ which, secording to their bignesses must excite sensations of several
colours, much after the manner of the vibrations of air, sccordiog to their several
bignesses excite sensations of several sounds ; and particulardy the shortest or most
refrangible raye will excite the shortest und weakest vibrations for making a sen-
sution of deep violet, the largest or lenst mﬁ::;gihlo, the largest and strongest
vibrations l‘orml.lrin_g the sensation of dea , and the several intormediate
sorts of rays, vibrations of several intermediste bignesses to muke sensations of
the several intermediste prismatic colonrs; but when the severs! heterogeneal
rays are blanded together promiscuously, they must then, in falling upon the
reting,. exeite several other Fﬁhﬂmt sorts of vibrations for miking the senmtions
of the several compound colours, which will, therefore, differ among themselves
secording ag the light is eomposed of more or fewer of the different coloured rays
or us they areuixed in various proportions.’!

L Tt will'be observed that Newton to the discuslon of this question recogmizes the
anilogy or idantity of Ught and heat.




Accepting the theory of light as promulgated by Newton, rothing could
be simpler or more satisfuctory than this bypothesis, and it is wrought
out in that direct manner characteristic of the great philosopher. No
other importsnt explanution of the phenomena of colour-perception, so far
as my knowledge extends, was advanced antil the overthrow of Newton’s
emission theory of light and the adoption of the undalatory hypothesis.
As is well known, the man who was mainly instromental in this revolu-
tion of opinion was Thomes Young, apother of England’s great scientific
geniuses, He was not content with substituting the undulatery for the
emission theory, but deemed it necessary to do away with Newton’s simple
explanation of coloured vision and put forth one which, in its attempt
at simplicity, becomes involved in & series of complesities and incon-
sistencies which is rarely met with in the history of science. Young
believed it impossible for as maoy vibrations se answered to the chief
colours of the spectrum to take place at one and the same point of the
retina at one and the eame time. This, so far &8 I am ebie to learn, was
the eole cause for his refusal to accept Newton's theery and for the adoption
of the one which is now known by his wame and bas bad an aceepted
place in the scientific world for eighty years.

Since all the vibrations could uot be reproduced at the same point of
the retina at the same time, he considersd it negessary to reduce the spec-
trum to & few fundamental colours and make the others but a combination
of these, He nccordingly fixed vpon three coloirs, which he called
primary, and supposed that there existed in the retina three fibrea which
responded to the vibrations representing them. The three colpurs he
chose 88 primary were red, green, and vielst. 'White light was the sensa-
ticn produced by an affuction in a certain degree of all three fibres, and
the secondary colonrs eame from a combination in varying proportions of
two or more of the fandamentals. The ingeniousness of the theory was
very captivating, and in cne way or another nearly all of the phenomena
of coloured vision could be sccounted for by it; so that, until within a
very few years, it held eway over the scientific mind of the whole world,
particularly after it had received the sanction of so eminent an authority
as Helmboltz.

Objections to Young's Hypothes{s on Physical Grounds.—In the first
place, the retina, in sddition to its function as & receiviog and transmitting
organ, is made by thia theory ioto a differentinting apparatus as well.
This is rendered necessary because of Young's disbelief in the capacity of
the retina to act as a receptacle for vibrations after the manner of simple
bodies, . There is something remarkable in a kind of hitoh we some-
times find in the intellectual workings of even our grestest men. It
has slways been a wonder o scientists that Newton, with a mental power
capable of originating so far-reaching a theory as the law of gravitation,
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should pass by the undulatory tbeory of Huygens as not eapable of explain-
ing phenomena of Jight.*

And it is equally astonishing that Yooug snd all thoee who have aceepted
his theory should have overlooked one fuct which musi have been apparent
upon & moment’s reflection.

Sinee the emission theory bad to go to the wall, it became necessary to
search for some origin of the wibratioms of the ether, and thia was most
paturally found in the substance of the Inminons body itself. Researches
in the domain of molecular physica seem to leave no doubt that when
bodiea are heated up to the point of lominceity (or when heated at all,
for 1that matter), the oltimate molecoles of which they are composed are
put into n state of vibration, and it is this vibeation which, communicated
to the ether, i the first link in the chain of phenomens which finally ends
in the sensation of light. It must be sccepted as a fact, therefore, that ali
the vibrations found in the ether must have had their existence primarily
in the molecules of ihe laminoua body. 'When a body ia brought to a white
heat, for example, the molceules of which it is composed must make ull
those phases of wibrations which correspond to every colour into which
white light may be decompased, and must make them at one and the same
time. In no other way Is it poseible to explain easisfaciorily and con-
sistently the various vibratione of the ether and the manner in whieh they
are hrnught about.

Now, Young raust have known this, for he could bamily have sopposed
that there were three separate and distinet fibres in all luminous bodieagiving
out white light, particularly in thosa bodies which eo far as it is possible
to ascertain are strictly homogeneons and simple. IF this is troe of the
originating body, why should it nod be true of the body receiving and trans-
mitting the vibeationa? Why is it necessary to assume the existence of
three separate fbres in the retina whoae office it ju to receive the vibrations,

1 The position of Newton {n regard to wn cther waa 4 pecoliar ooe, and deserves
potice here, slnce it has & bearlog on the subject in hend, He by vo means denled its
éxistence, but cu the contrary believed lo It strougly, and even went farther In the
applicstions of {ta nse then is contendsd for now, Thus he save in his Opticks, p.
848 :— .

Yighi. 33, In not visloo %ﬁomed chiefly by the vibrations of this medinm exelted In
the bottam of the ave by the nJ.a of light end propagated through the solld, peliucd,
aod maiform caplilamonta of the optick nerves into the place of sensation? And fa
not hearing performed by the vibratlons elther of thia or some other medinm excited
fii the aud wr{ nerves by the trsirors of alr and propegated throigh the pelloeld and
uniform capll of those mérves into the place of semsation? And so of the
okhar sataed.

“g. B4, Tn not unimal motion performed by the yibrations of this mediom, sxcited
in the braln by the power of the will, sod propagated from thepce T-h:mu{? the solid,
pellteld, and uniform' ecapillaments of the nerves juta the mugcles for contracting and
dilating tham 1 Iaul?pma that the capillamenta of the nerves are each of them solid
and uniform, that the vibrating maotion of she ethersal mediom may be propagated
nlong them from one end tothe other osiformly aod withouot faterruption ; for obstruc-
tion io the nerves cavses palsies,””

1% will be aeen from this extract that he considered the ethereal mediom to pervade
solid bodies sud to take part i the phenoména of Hght, but it Wis a secomdary part.
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when the body giving rise to these vibratlons is simple, and with is
moleenlen so arranged that they can vibrafe at one snd the same time in
the different phases corresponding to the different wave-lengths representing
the various colours? This, it seems to me, is & death-blow o the sole
objection advanced agminet the adaptation of Newton's views to the
undulatory theory.

Neither is there any support for Young's theory from analogy. Cer-
tainly it 18 not to be found in the sense of hearing which bas always been
congidered as most closely allied to that of vision. Om the contrary, it
sgems the rather to offer evidence against it.  Take the membrana tym-
pani, for example. It is & simple membrane, and ns far sa regards any
action of sound-waves homogeneous in etructare, and yet it can take up
and earry to the chain of small bones, correctly and without aoy altera-
tion in character, an infinite nomber of different aerial vibrations at the
same time. In an orcheatra composed of 100 pleces the trained ear of
the leader can often detect & single false note, and yet this is unly one of
many hundreds of thousands of tones and over-tones which are simulta-
neously taken up by this small membrane and faithfully transmitted to
the ossicles and thence to the auditory nerve, And even when we reach
the labyrinth which bears a still closer spalogy to the retina in function
we find there nothing which would substantiate Young's theory. Even
if the organ of Corti were the finally differentinting organ, which no one
will, I presume, assert, there {s & cord for every tone, and three are not
called upon to do the service of hundreds or thonsands.

And again, if a fbre is =0 constrocted as to be in harmony with waves
of & certain length, it becomes thereby physicaily incapacitated from re-
sponding to waves of other lengthe, This is one of the fondamental laws
of wave-motion, and ite greatest beauty is shown when it comes to be ap-
plied in the domain of molecular physics. This law finds no exact appli-
cation in the theory of Young. He sssumes three retinal fibres, red,
green, and violet, which are attuned in harmony with the red, green, and
violet waves. Now in accordunce with this law these fibres should re-
spond only when wcied on by wave-lemgths corresponding to the colonrs
they represent. IF the red fibre is accuraiely aituned io red mays, it
should not be affected by the green or wiolet, nor the green by the red
and vielet. Still for a satisfactory explanation of some of the phenomena
of coloured vision Young was obliged to auppese that all the fibres were
affected by the rayu of each of the other two colours, though in varying
degreea; and not only that, bot they most respond io wave lengths not
peculiar to auy ooe of the three. Thuos yeliow, which is not considered &
primary eolour, but a combination of red and green, has a distinct wave-
length of its own, being about ﬁ of an inch (,808(10,000,000 mm.},

‘Tha ““rays of Light” wers solld bodies which comdng In contact with the ether containsd
im the retfna set it tn vibration ; which vibration wes conveyed along the ' solid and
pellucid™ optlc nerve to the braln.
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There is no fibre corresponding to thia, but for the perception of yellow
there must be an affection of the red fibre 1o of an inch {7,000f
10,000,000 mm.) wave-leogth, and the green fibre # of an inch wave-
lengih (5,271/10,000,000 mm.), So that for the perception of yellow it
is necessary for ita corresponding wave to affect, not a fibre attuned to its
own length, bul two others which are adapted to phases of vibration
different from its own and different from each other, a state of affuirs
which the molecular physicist must look upon as sbeurd. 'We have, more-
over, direct proof that yellow is not a compound colour, for in Hippel's
case of unilateral colour-blindness [Griife's Arekiv, xxvi. 8) the yellow
a6 seen by the affected eye had no difference as regards intensity or tone
from that ssen by the unaffected eye; showing that yellow cannot be
composed of red and green, or at least that it can be produced indepen-
dently. If it wora 5 compound colour, in green-blindnesa it would appear
according to the three-fibre theory aa red, in red-blindness as green.

Besides, in giving this amount of forced latitude o his theory, Young
destroyed the canse for its exiastence, since he plainly failed to get rid of
the very thing he wished to avoid, namely, the action of a number of
wave-lengtha on the retina at the same place and at the same time.

The Theory of Prof. Hering.—The theory first advanced by Prof,
Hering of Prague' differs in many important details from that of Young,
though they have this in common, that they regoire the presence of three
peculiar unatomical elements in the retina. In Young’s, as we have
seen, they wre fibres. In Hering's they are chemical substances, which
he designater as the white-Black, the red-green, and the blue-yellow.
Hering supposes that these substances are acted wpon by light in a
peculiar maoner, The red-green substance is affected by no colours but
red and green, and these act wpon it in opposite ways. Red light, for
example, acts in & decompesing or dissimilating () manner on this anb-
stance and produces the sensation of rad; green light acts in & regene.
rating or assimiluting (4) manner on it cunsing the senzation of green.
Blue has an A-action on the blue-yellow substance; yellow a D-action.
It will be seen that he recognizes four fundamental colours instead of three,
which are divided into two pair, the components of each pair being antag-
onistic ; for when the A- and D-uetion on any substance are equal the
effact is neutral, and no sensation ix the repult.  On the third substance, the
black-white, white light acts in a dissimilating manner, while black causes
an assimilating action. Moreover, both the other substances are affected
in an A- and D- manner by means of white and bluck.

The peculiarities of this theory are, that it makes the perception of
black a positive action instead of & simple absence of sensation, the so-
ealled complementary colours, antagonistie, and the white resulting from

| Lahre von Lichisiune, ¥ienna, 1878,




