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THe graphionl represensation of the pevseption of solors,

Introdnotion, |

In seobion A o slight rdeums of the theory of Yousg snd
Heluholés is given,

In seobion B ceriain resalts of Aduey and Allen's work are
given %o show the possibility of representing the formation
of aolor sensations graghlesllye

In this section the following polnts will be uwt

(2]
(&)

(8]

(4)

(8)

(6}

Tne white light underiylag all color senontiones

Why more white light uaderilies cvler sensations othey |
than the primsyy oneds

Green has no speatyel complenentary snd osn not pro-
duoe white with aay other sisgle seusatlon, Colors whieh
give white when mixed must have in their component
makewap threo primary aolors, ved, green, and dlues

The stimmiation of the red sensation by waves of the
violet roglon,

Ressons for asswsing the primery blue sensation is nod
the oxdinory blue found In the blue region of the
spectyam, s

Uhy white 1ight ie seen when the oys is stimalated with
o single dnssling colery, snd nleso why gveen 18 the last
solor %o u soan nt low intenaltlas,
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Sonsation curves by the Fllicker method,
snomalont Prichromnid am,
Apporetas sad methode of cbearvasion.

“Uurves and #MM
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 He pevoeption of oolor is & subject whish has provably
sansed more antn than any other bronch of solense., Theories regarding
the origin of ovlor and she nature of 188 perception dake as for baek 1n
history ae she time of the eurly Grsok Ihilosophers, Sut desplte manifhbld
atbenpis on the part of these eurly scholars to explore this fesolnntiug
field, the subjest lay wrapped in myetery untl) Hewton wish his priss dis~
poraed white iight into 1ts color componenis, Onoe 1t Daseme estobhilshed
that white light wos e mixture of ococlores, progross became vapld and cortein,

1% 1s searoely to be wondared that every theory of oolor
vislon is far from belng complete; the ohanges which teke plase in & visual
renction, aye chunges whose interpretation requires sxtensive mowledge of
Paysios, FPhysiology, Uhealetry sad Psyohologys 1% 1s not sarprising then,
What the subjeot presents so many complex feotures.

The main oonbroversy voday is between the theory of Herlng
and thet of Toung modified by Mewwell, Helmholis, Abnay, Allen, and others,
This lattor theory sdopted genarally by ‘hysielsts, provides for three
soler sensations, ved, green, and blusg while the theory of Haring adopied
largely by Pepohologlete provides thres mntagonistio paire of solor sens
satious;: red-green, yellow-blue and white-blask,



THE GRaFRIGLL REPRROBNTATLON OF THR

This methoed of showlng how our soler sensations are formed
in based on vhe Young-Helmholts Trichromatie Theory of seler visicn, Sha
senmation ourves of Abmey and Wotson, snd the expsrireutel snd theoretieal
conniderstions of Allen's work on rellex vimal semeatlons,

Yhe sixtwre of Pare Golew Bilmmils (1)
The Youngeleluholts theory of color vielon ie bssed upon

Wae faots of the mixture of pure dolor avismils The fundusentel lawe u
sulor mixtures were Cires stased by Grsesmenn in LGEJ, They awe a8 !ﬂlMt

(3] Uadike Alghte mixed with 1ike lighse ﬁmm anlike
mimtnras, or Af lu & mixture one Ooomponent io contimsunsly altered the v
appesrance of the mixturs will aleo sontinuensly alters

(2] Like lighte mimed with like 1ighte yroduce like mixtures,
oy if wep lighte thet look the same ore pm mized with a third 1light the
posulibons mixtures will look slike.

{8) Wm migtare of Lighte osu be maehed w * Mﬂu&w
speatysl Light or & definlte mu mizture whioh i mived with o thxu
awouns of whlus 1iphs, or L¢ m take any fixed homogensoun or qmwlw ‘
J4ght and mix 16 with the wholo serlen of pure speotral lights, semploted
by purple, varying the proportions in the mixtura from Ge¥e of ong O Bere
of tha other, we obtain evary Imown variety of Atismlugy

The Jmportense of shese lowe s shat matches of ophiesl
mmc resemble algebraiosl eguations aud esn be Greated an sueh, vhe
ek holding gobd 1f say sddision or eubbrsction ie made. o both optioal

(1) vsreons - Goloy Vislone
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If » pure spsotrun from an sre Mght of mederate inbensity
16 ohserved a bend of solors is saan g w these, four ave olearly defined se
sepurate and distloot from esch othery vis., red, yellow, gresn, snd bius,
bhe red reglon cunsisting of the leest ofracted wags, the bluw the nost Pew

frooteds The grodation fyom wved to yellow &8 gendusl and yasses W the
: orangs th. the red grodusnlly diminishing and the yellow ineressing in

a dirvasilon passing towsrds the yellow, Botwesn yellow and gresn a eimilaw
gradation cdours, the yellow bessming more and move tinged with gresn wntil
no yellow gon be resognised and the color gives the lmpression of pure green, .
Pessing further towards the bine sn intermsiiste gresn blus veglon is mes
with showlag the same grodusl trensition until the blue no longer gives any
Logression of greons DBeyond the blue a region coours which ie stlll of the
order "blus", bub is not pure bime. It is ealled violet, & coler which rerely
poours in natures There is, however, a oolor in nature whioch is often ealled
_ violat, but whioh e reslly purple. Trne purple does net ooeur in the
speatyun, but 1t onn be obtained by sixing pure blue light with pure ved
14ght, ond we ann thus pass.from blus to red throngh vhelst and She mixtwres
of blue and red which ave ealled purple sad oorwines '

© Thue & eompiate olvels te fomned, and At 1s possible t0 retumn

to the original starting polnt, l.0., red, This 18 g very lmportont faeb,
for 1t gan ue proved with the halp of the solore thus obisingd, either pure
or mixed with eash giher or with black in varlous proporsions all imews
solore snd tiake ean be reprodused,

The progress from wved to viclet via purple mast be reprosented
by a styaight line, for emporiment ehows thet purple oon only be obisined by
mining ved and violet, snd therefore any purple must be made up of mowy op
leoe parts of vielet ond reds Therefore a strelght line jolnlng the points
m&@ rapresent the Hed and the Vielet mavt centain the points whioh would
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reprosent any oonbination of these two oolowsy thut 18 ey parple. |

Por exmnple, teis the region Lelwesn BUU 88 BAO L. '
A11 the oplor sensations in thie reglon mede vp of miztures of thess two
seloyn Red and Yollow ean be mutohefl with o color sensstion desived from
sump spestyel solor betwesn thess polnts, Por ved passes grodusily by
' addision of yellow thyough the srange voglon until 1% 18 no leager apparent
o8 red; dub is pevoelved as yellow, henes by verylog the proporsion batwesn
pure ved and pure yellow, all thess intermediate colors oun be obtained,

A11 the oblow sensations of this regien are therefors funotions
of & single verisble (red or yellow) snd enn be vepresented on a straight
1ine ABe, whore & vepresents abous 0»9 A and B B0 .o 0 9

A e D B
s } i =

Bagh point on whe ilne yepresents a eolor sensation,
ig any amount my of Mght 1y ab A 1a mized with an amount
n“wzmu Ly ov B, then the vesulbanh seusttlion Muﬂm Ly at O wuoh
ot Ch. 3 M o
¢B »

!MM,.MI,M’& a% O b mived with.m ﬂ%ﬂ‘ﬁ.
the resultant senvstion Lo a light l.‘ ab D, such that

il L. W
28 my
Henos sny cowbination of 4 and B oon be matohed by a single
point taken between A and B, Thus the pange from 800 . G0 BAO

smub, 1ike the purple range, be represented in the color dlagesm as & stralght
line. |
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Gomplioations nedse when the golors are ohoden hayond thess
Limite, If & yellow is miuwed with & Diue gresn, the resulisns mizture,
though reseubling s pure ntermedicote soloy,does nov mateh L perfeosiye
The auteh is wmede serfeet by adilng & certaln propoviion of walte Light %o
% pure spestral injermedlste, In othor words the mm 1o paler snd ‘un
saturoted than the speotral makche 4 the dlsiance beiween the mixing volors
is lnowessed the saturation becomss continucusly less until finally at one
dletance bwe oplors are cbisined shiol, when mixed, yleld & swusation of
white, free from all wraves of coler sensstione Uhesve nre oalled eomple~
mantary enlors.

Ses able on Foge |9 of henls,

Due % the fach %ast 1% 1e possidle so yass continususly frem
Pilue %0 reds The groph representing this must form s olosed curve in one
planes If thros oolors, noither of which gan be obtained from & miwtuve of
the other two, ar represented by three points on o plang, then assigning
to them valuse In Germs of sny unit, the situations and quansitative values
of thelr mixtures oan be asgertained,

The dlogron will vary in fore accordlag %o She souves of light
and according to the oholoe of unite oad fized polnts, Figave is o
diagroan of & oolor tables

The posivion of the puve white sensation ie obtalned by
dividing whe Aine jJoining two couplementery oclors sgoerding %o the relative
ampunts of these ocolors yequired to produce white wham mized Sogether, The
 Gavietion OF the Suve frem the stralgh 1ine 1% $he gress yellev sad beysed
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indlonten the wnesturased nature of the mixtoves. For exsmple, mimtures
0f green ond viclet are less sntursted then fpeatral ayun-blus, The eurve,
then, must deviabe further from the white polut than the straight line
Jolning green and violets From axperimental results 1% L found shet the
GuFvature is sharpest ia the greens The sbove eolor Sable ineludes avory
ponsible varlety of color ssnsetioms, |

Thus & law gsn be stoted in genaral terme;

“The entire phyelologienl valenoy of every sonceivable light
and ilght mixture onn ha somprehensively represented as the funetion of
three voriablen,"

Based wpen the above faots of eplor mixtures, 1% is found
that every sonceivable light or light miztuve gives rise to o sensadion
whioh oan be soourately matohed by the sensablion produged by s sultable
minture of only three 1ighes (with a certsin emouns of white light added

%0 She mizture)s If we join thvee sotusl weve lengthe Ry Gy and V on the
solor diagran by siralght Lines, we find

A Violet
bhet pars of sthe ourve is ocuteide the Sriangle thus sdbained. This mesns thag
thare ave certain spestral eolors whioh enanot be obtalned in thelr full
Speatral saturation by the mizture of R, 0, and V.

It & polnt i» ohosen on the ourve outside the trisngle, say
@, Bl. 4 by experioant an equation of the following form oan be obtalned,
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ar 4 P BL &G eV
thue the expression for G. 1 4s
PO, BLEYG & ¥ wan
which represants tho unadanble color in dopmp of K, ¢, and ¥,. St unadlxablie
solor belar the oxtre proportion of white whiehk 4o found %o underlde all
enlor sonpoilons. :
in order %o aveld nogative quentitios L% Lo nooessery
answne the sslstoncs of soler esnpations whieh lie cutside the colop diegra,
it will be chown loter on why pure unseturetod spestral Golurs can nob be
oblained,
The above assuaption fe miniuised by deperiibing o teiangle
around the diagren whioh will ealy just wusoesd dn fucludiayg every purt of
the diagres. Gueh Lo ehown in the followlag fgures.

Coler Truu\c))e U{‘snic))

/\‘BIQ’QTL-} Fravn h ojer line:

Color Tr(cmcv',fc (Abneq < Walson )

Fig 3
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He oy then obteldn o genersl oguatios for sy spestral dulor ¥,
Foguit byt &y
in terme of the throe theoretdonl seasations Ky U, sud ¥, &n whieh 2, ¥ 8
(the proportbons of sedh Mgkt used) are sli ronl positive quantities,

' e objestive uantitios of Light in this equation come Lmte
conglderation bove only uu semention stlmuli (that Lo oe G0 ferent wave Lenghle)
snd ae oudh bave o phywioaily wensupablo wvalue,  IF o furSher nogumpiion, wis.,
that the physiologhenl processes (notdon on $ho potdns) which wodompuny
sensetions, have o dofinite quentitutive veladionsbip o the physdosl stlowid
(Adght waven), 46 omn be selid that x, v, sod 8 sre rospootively the wred, grovy
and violot values of the Mght ¥ in Yomss of tho fundemental olors Ry Uy and ¥,

 muppose thore do waw bethod whoreby 6 4s posstble to determine

thrge menpurable quantitios w, by @, roprasantleg thees physlologhonl procensss,
whiel teken Mwuw asouplotoly dofine tho ahmrsstopr of the visunl senvatious
(bhroo fundenentnl delops); 4% wouid b possible % fiwd by observation the
relatlonohip betwosa o, by @, end Sho veluen X, ¥y %y of the iseident Yight
(thoge wnluos whiok ghve wioe to the sensations a, by o),

By by @, would be vepresenied ap Shreo funetions of x, ¥, wnd 3
and Gonversely %, ¥, ¥, o6 Shreo funstions of &, by wd 0.

That de:

68§ Uyl ba S, imgyyn) 0w, (nayen)

e

» S'Mn‘hw Ve &;m.ms B m%; (Babet)
Binoe no two difforent groupe of velues for K, ¥ ond 4, give the neme
snsetdon (bhat e mo dw difforent ulxtures of the three fundamentel colors,
ann give the pane sonsation o the retim), or the emse valuow of 8, B, of
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thorofors &, ¥, # oan be eproseed sololy by @ by o, (Whe dncident Mght oss
bo onprocsod Ln Serms of the pensntionn percoived by the viewsl apparetes).
thoon valuos of the x, y, & fusoddons of a, b, o (4he 5,’548; )
wre thorefore quantitien wiioh depend omly on the ehmraster of the senention,
6od WOPBOVHE puSBoss o cerbeln tmﬁﬁmuw einee each o be nroused, wsist
wed agein disappenr Ln the uervous apparatus indepwndent of Ehe othar two,
This independont exluetence Lo what ie sougld sfter fo ppenking
of the eleventa or gonponsnts of & sensation.
IF we denote the funotdon
%w s (o) by R
¥os' (8yby0) by ¢
LR TS me by v
then thene qumitdtdon B, 6, vmmmmmmmmm*wmum
sensation and eludinely sny lineor funetion of thes (o 4 b oV moy wise bo
thus donoted. ' |
Yon Holuholts statos the foung theary from the mothamtienl elebe
“(1) In comn part of the sonducting norve mubatanes under the
nfiummao of eolarod Light Shroo dfferent, Sndspendent and mutuslly wnopposed
 elenentary astivition arise, elisd the elomentary stimulstlons. Theis |
maount 40 drootly preporiioned to the derresponding color velues X, ¥, By of tho
Objpotive Light; thoy corveapond to the B, Gy V of the above devoripion,®
"G} AL methvition puosling farthor tounpds the bradan, we well
wy m sonshbions setually entorbng into conselowsnses under the gives Qo ndi bions
of She reseting brain, are only actions of the s dlomentary otleslations R, U, ¥,
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and o omount are fumstions of 8, b, o, of thono elovuntusy stinuintdons.”

“(8) Bhther the slousntery etiowletions theupelves or thwes
matuslly waopposed actionu dependent tpon them ere wendusted Lndependentiy
to the eentral orgen,” ‘ '

Thowe sonsiusions in o gwerel mad slopler wey say be stated
thus: 5, O, vmwtwmmmmwmmmmmmmmm
thus constructed sompletely encloped 4he color degres of tho ghven spectrun,
An $hin munner popitive values are eneured,  Prom observations cm coluw
wiaturas vith e glyen spootius 30 Lo possdble do constmmot valsncy gurven
wideh roprovant the stlwilation wives of sny spectmul Light for ouch of he
thres Gomponents Ky O, ¥, of the resultant seneatien.  Thus

Fashg e

monns Shad $he Light ¥ 4o setohed by & slxture of x parte of 1 Light, ¥ perke
of O Laght, mad & parte of V dight, K, 0y ¥ belng the phyeiond etdewii 4o the
wdutuprs, B thowe phyeicel etleull et respeotd vely upon the physbologiuel
oounter perbs or dloments of smsablon iy U, V, thén w8, yu, aV elemly
roprossat the strengths with videh the 1ght F eote upon the R, G, V elensita.

The welenoy ourves are, therefore, nothing wre "than genglng
curven” of the spostrus (See Mig. ). “hes colors sre selected w.g. o rod,
® groon and & blue. Hesh pard of e speotrum Lo thon natehed by minteg
dfferont quontition of the three togetber. This proovss Ls oalled geping
the spectrum.  Dut &% hus been shows Uwt every gunging welue belomging 40
oo mioh group of curves muet elways he & idneur funstion of the Ghroe geughug
walues belongdng to any other group of owrves. 48 eny glven spoctiws, therefore,
the By Gy ¥ nluos nust be some ldaser funedion of dhe thres euplrdonlly
obeerved gauging velues (R,0,¥).  Whe thres geughng ewpvoen, thovefors, roprovent
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the relative valuos of ho thros sensetions for each Light throughout the
given speotrus, ’

_  Uhe ebove i o statement of the Sheory of Yowns and Heluhoids.
The simplest conorete sumtewy of 4% 4s, thad thore axo Shrow tomponsnis in the
Sye whioh are counterparts of the physionl sllauii, 4 ccuponent mey reprosens
o chemlonl, an oleptrioal or soue othor ywoocess aoting upon different substenves,
or nerve fibres wnd ghviag riee to nervous notlvity, Wi the general slatenest
of the theory necossitatos no sush consrote condopbion.
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o have below the normel sensailon curves of Abnoy osud Yekess (B) .
in e gronter pork of the spectrun the ourves sverlap, showing thet wll three
Mght o/ & shngle wive lengih. |

Sensation

sossatlons t

X

-
gias

N

Ay
B

tod Goy 40 wo 100k ot ® oolor of wave Lengh (95 &b appeare
- 4o our senses aE o pure yellow with ao Bint of o red or green dn 44y
oxosdnation of the above duwrves show, bowever, Bwt this color 4s mmde up of
squal parts of red wnd groan sensaiions and o SLight BAS of Bluo seasatlon,

|  Although these ourves mro Lnouupiete n thw estrawe rod wd
violet onds of the epovtyus, L.0. the red and groon curves do not extend w'l
through the blue semention and the blue and groon cupves do mot extend thrvugh
the pod sonsation, widdh would indicnte thot the red soneation can be porcsived
in purity of ome end of the speotrun and the blas pengetlon perdeived in
parity ot the other end; ewch Lo not the cewse for Allen (8) in Mo luwsinoedty
olrwen e shown conslasively that sl colore From the extrens rod %o the
oxtrese violet onde of tho spoctrum affect all threo seneations diveuily wmd
rofloxiy. |

Bvon though the curwos of Abney and Vateon are Ansouplote wed

show oniy $he deect sthmlation of the thres sensedions, witioiont
qusntitative evidonse cun be vbielmed fron then $o Isdivede tho plavelbility of

(&) Powsons = p,
‘&3 Jn@tﬂn bR i
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the grephiosl method of showiag the peresption of celors.

On the Young - immma thoory, the senantion wmm by Ahehb
of sny oolor 4o the oum of the sensations srdeing fron the stlmulation of the
thees Gomponent mechenisns. Tide uesns that the ordinate of snch of the above
senpasion ourves for any pertdoulse wave length wiil give the propordion of
snoh ssapation present Ln et parthouler ewlor. For ezemple, taldag the
wove longéh ‘WM“W in the groem woplon, we sue that the helghte of the
ordinates of the throe sensafiony ares

Rod « & unldiu _

Uyaen » 80 undte

Hue » 15 units
Ghuilarly & yoilow of wave lengbh JB73 has o sonsation composd@lon of s -

Rod « 66 unite

Groon = 68 unite

Bus = & nakbe
Uedn; those ouemtdtdons to indicute the helght of ook ssneation sbove whe
bepe Line, wo oan comstruct dlegrass for sadch color. For swample, welng the
hedghte of the ordinnton for the groon of B0 we gan consbriel the fol Lowing

dlngrua: 26 vnTs
15

8

The following tablo shows She culop, the wave length and the
ponsation compositdon for emch partieular solor:
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A et
fed o k1 4 -
Dpange <Gk 60 -
Yellow 57 B e 3
Gpromn B0 8 & 18
e 45 8 B 43
iolet A - -

The daghou &n the blue senwation of mmmwmmm
ond in the Red mod Uroen sensudion of the Violed coler indicate ascordlng tv
Abney's curves s leok of stimulation of thess sensations; but en exanimation of
gurves 81 and 30 of Allen's (4) futigue curves ahows that $he two seneaticns
obhur than tho fatigeing sonsation aroe affected roflexly. Accordisgly thes,
when any coloy iv pervelived all throo sensations ave paprtdally stimlated.

Thin sonsdiintos mn Luporiant part of wwr pereeption of oulor.

%% 4 generelly recogaised that ell spestrel colors mre more
or less unsaturated, that Lo, eaeh color secme %o bo nixed with mure or lese
white dependieg on ite Sstonsity. Paveons (5) statest b gront Lnsvesse
of Lobenuity of m Light not only sltere its luve but ules witers the saturetion,
411 only white Light Lo veons Xt wouwld seem, thewefore, that luwdnosity is
in sone recondite sense sn inherent “whiteness® in the eolor iteelf different
in degroe dn dfferent colors. Clearly we ere ob the oubset fuse to face with
& physiologionl faet of immense importance and much of the diffioculty of eslor
vision 4o concernod with thie fact.”

e ummmtmmm"mm o o pard of the
evlor $1s03f and o mot be &n aiy wy separated from A%, '

B da0gBe Yol, WEK, No. 6 .M
iw dolor Vinken  pe 8. e
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Tt (6) wmmmhm ouse and dn the eueves drewn
from hio volor squatlons, part of 4w ved sad Bue venpetion curves sre belew
the wede, These pabate reprosent nogetive quantitive da the egietions efter
S0 174 hand wesbors have boon yeduced o umity, sl ere due to the
unsatursbion of Ghe eolor, ceused by the inhersnt vhite Lighk.

Wit 4o the erigla of thie Sshewent "whitesaow 7

Aldan (7) bea shown Whet Gn addltion o dhe wmal direst sotion
exeveised bywll golore wpon the robina, every woler wleo stimulatos by reflex
aotion the threo fundusental semsations rod, groon wad Bluo, parthowlariy the
pensethon couplosontory to the Luplnging tolor, mod wleo enhences the
 oensitivenssy of thelr resspbors, A donsiderstion of the phensuens of the
Satrinsle or self Light of Bhw wefina epposrs f show Sheb the efforent newve
smpukteso ia sskenciug $ha Feceptors &% $he smme time wmisy thelr stimulation
with the resultent produstion of MWghb.  In sonsequente $ho hrlghtness of the
soprosponding eolors are iserensed §6 6 grester or Lose degres accordlng 0
the physlosl cherasteriatios of Ghe Girect Mght. Mo o further shows 48)
that the inoviteblo roewit of preflon ethuuwinthin of e Sees prisery
sensntionn o the produstion of white Mgkt dn conjunstion with every solos
affooting the aps. Ohould the e senentions othor $hn the ewehtiag
semsation bo otlminted aww the rollex wiits m foened, wideh undoriios
the oolor sensubion, whll Bo o pure white, W should dhe atlouwlation of the
ohher two sonsnbions b unsquel $he whilde may be Uiated with yollow op Wlue.
Thore Ao oo way of srodetermining what the apwaroncs or coler of he vefles
Mght sALl he or whothow 4¢ whll bo the sue et w1) dnbensitive.  Poddie (9)

{6) Neseurebes dn Colopy Viedun » M v BBY
v; Jathel, XM o T, p. 8O3 it

B 3048, Yel, @y Ho, B, 1006, p. W96

9) Goloy Viegion » p. 86
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fivn sathesationl vesconing oonsluied Bt the eelf ight mwd bo yollowisheshite.
Thbs, aseording to thw theory of roflon seuseblions, would Lmply that the red
and greon suet be etbmuiated slom whiih the biwe An eueh © menner that eithér
tho yod or the groon be unequally stlmslsted sompared 4o eash obher,
the eonclusion asrived ot Ls: thnt this vhite Mght, this
self light, this lnhorent "whitensss”, whieh wderlios il color sensetions
is vefliex o nature snd mund origlmnte s the wisuel udubers of the beakn.
Mﬁ%% faot So mind, wis., when wny voy of AMght fulls
om thoe wobine &t M‘Mwﬂl throos ponoetlonn, wody geoon and Blos, % a
mmm or less extont depending on Whe Antensity of the dirsctly stimulueting
golor, we shell now considor the culor dhngrosw, whioh show dhe reflex
affeots on the sblmulating oulow. Widlo Shoss dlegeans, on proviously wontiomed,
59 Gonsteusted quantitativaly, Aa part from Abmey and steon's sonsation
survss, the quelitative conphderntions of Allen's reflox sonestion mm
- wre sleo Yukon into soscunt. |
{2} pap, Tu the frot diagren we huve wimé the consslousneus would
diatingoieh ap vod, bub vhat Le actunily wred mised whth white and yelloe. 'hen
wod Lokt folle upon the pebins the sengovy refiox moltes the three fundemental
wonsations sufflolently %o cmuse the purcepiton of whilbe of an dntepsdiy
dopending on e dntondty of e origiml otimistion; the direet astion of
vod affecte the weresponding sengathon prodosdnantly resuiting ke the
plonlbensous povesption of red.  vbad appencs Chosily to She consulononsos,
therafors, fe the red selor ovorlying o substeatun of whihe.
12 thde white Light wew nob fopmed by woflex sotion, ot the
dustent of perdoplion w solor showld sppesr st Lbs full pnduration.  lowever,
Whte 4s mot Ghe ceee, for, Mdwell (10) bes shown Bat for o Luberval of

(40} Proa. foy. Bods, By pe ARy 2004,
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ngwglatioth of o senoml after porosption, all evlore apposr more ssturated.
This, thon, must be the mm of tiae vecoesery for the forsation of the
of foront dupuisos which cmne the reflex effects.

' In this daghms o 1o drows parallel o the baso, Swough the
poak of the lened stioulated of the thros sencations (in thid onse the blue ),
o6 s to out thoother smmiions, reprosents the pars of $he threo sousatlons
wihdeh go to nake up the white Mgkt underlying the volar; Shie part Lo chown
oo white 4n the rod sonsation,

Lf the groon senpution showld bo stlmlated » shight b wove
thon the blue the eabrs sthuulefion wuld combine wdEh mope red S forwm yellow,
so Shet the self Light may bo yellowish in sppoavence. A Jue drawn Shrough
the goek of the greon ourve paruilel fo the Base reprecnte the proporthon of
yoliow prassnti Shis part 4s shows se yollaw on the red sensstion.

The red sensntion, balug She om WMx* stinulatoed, 4o auoh
wore intorse than She ofhor teo; so the fisel resuli fo the coneolousncus
i dndionted in he ved curve, whioh shows n prodondnent red mixed with uhite

JOBH mm gosond dhagron we have the representation of & green
culor sensation. Considering this in tho sooe mamnor wn the flred, we m
that gresn Light falling on the rebinm stimulates the green dirsetly snd tho
rod sad bluo rofiexly, with the vesult of partinily stimuleting the Hhwee
sonsations t ghve the white wderlying 40 golor. The Mine drews Hhyoush
the loast ebimuinded of the senustions gives the purt of $hops sensations whish
forn whito indientod dn the groon senstion, no white.

In tho dagrss shows, the biue sensation ls stimloted more
then $ho pod, which would resuli dn the green hoving & blde Mngs, §f the red
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pensathon wore atlsulated in mwﬁ. the groen would be yellowieh in
appoarmnse,  Agsdn dhe direot stimilation of the groen sensation, belng Ln
oxgous of the obhar dwo weneations, cmunon $ho porsepbion of wn unsaburated

that the adxturs wiil forn white Light; An otler words groes has wo
epootyal omplaventnry.  The followhng teble teken fyom Pareons (11) shows
Holmbwits' eotinston of $he wave lengthe of couplenentery Golors.

Red 686,80 Groon Hlwe 4980 oo

Urange 607.Y Do &89

Yoliow B05.3 Hitke 485.4

Yellow BLB.9 ue 40,3

Yellow B67.1 indigo Miue 4648

Yollow B64.4 | indigo Plue 4610

dreen Yollow 503.6 Violot 498, epd bayond

1% whid Laediately be ohesrved from the sbove teble that while
ench eolor wheo mixed whh Lts couplommtery color glves white Mght, thle
wikts Mghh 4o mob formed fwom two whngle senuntions, for n the coubid meko
up of the solor and dts complomentayy thore are slways throo nensetions prossut,
Fow sssaple
Red plue Urosn Hlue equals white
Tollow (Red pluws Groon) plus Slue eguale white
ate,
¥ whiL bo akeo obuerved et the groon roghon from abowh 560 . o

40 4980 dose ot possese ony spestral scmploventery. 17 the color seleoted

{31} Golow Vislon « p. 85
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o mwatoh the groon Lo ohosen from She ruglon beyond 860 L. (Grosn Yeliow) the

Wlus aecessary ss $ho third pensation 4s lasking, wnd W ohor two mewsutlons

ghve condduntions of yellew or syenge. If, on the other hond, the mw

seloctod %o mix widh the groen As ghosen from tho region boyond 498 v v (Orevs

HBue) the red swnestion io lacking, oo the resultest sensation fu speln goupounded

of only two colore.  Uhite Mght oms omly be produced frow miatures of thres

sensutione; for o sdnglo sensetion %o form white with groen would nocesstbute

the prosence of both rod and bluo, sod ao the enly color of this mixture

(purple} doow not oxbet dn the spectirum, green con have no speetral Gomplomentery.

(3) B JuBBASHRaAL B,
Uide sonostlon wideh will bo disoussed shordly, would bo slefley

in ‘M’M royresoniation to the obhor pedosey colers rod amd groen.,

(4) OB  fn tho fowrth disgres we have the coler violet, whish frum the

foote of solor mixturds soous to bo mde up of biue end veds I8 Ib nod

possibie %o vegard vholet s n prisary eulor,ns we shall endeavor to ghow Inter

on, even aupposing 4t bo oue of the most saturatod of tho spectral eolors.

it may be thed wavos of the violet reglon, bodng half the wave length of thoue

of the rod roglon, are ssposinlly cupable of srousing the rod sensation dlrostly,

dur to & wler "wndorbons'as 4 were, omuslng tho perosption of & sdxture of

blue a0l red seneations which in the spectrus is vieled,und with pigwent miutures,

e purple, ‘

he 3w drewn through wll sensations fn this degras ndientes
tie white part wadoylying 4he colery Ww sloping Live betwosn the red and $he
bluwe pemondion dndicates the duni nature of the violed wensetlon.

(5) MU, Yedlow is o wompound colow, thet ks, 16 40 @ Golor which hao the
rod and tho groon sunsetione etlsulnted equally. Due %o bodh tho rod and the
ﬁ'm rocophors eblminting the blue WMY&*:R: vy the blwe w1l be more wroussd
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then 4¢ & sbngle sblmilation asted on 48, A grenter proportion af Sho thres
sencations then should soubine to gve the white Light wderlying the olor.
thie is setuslly 4he 0ase uo Gompound eolore nre uuch lons satirated tan the
(6) Qnaoy Upmnge Lo sonsidered %o be made up of yedlow mnd red, Wt yollew
4o wado up of groon red.  An ovenge color Shen Lo wno 4n which the direct red
stdmulation de eonsldorably more lntence then the direct gross stlomintion,

mxmmufmmmmmhmm to the oxeens of rod stinwlntdon over
groen stiuwlation

Wm Bluo aengntion to not Whe tepe primary Wue, but So encdted
wmmmmmamm those of the prisary blus sessalion. m
refiox onyves (48) show ho ovdinary blus %o be made up of violed and groem,
Bhe wiolet bedng formod as expletned in dhegemn (8).  OF noosesity this biue
ot memm in nadare dus o o | shonse shimnlation of a%%m
seasations by mmm wotion. Y roflenes for $he Wlusewloled wmm are by
far the moot powerful, so 4% 26 4o bo exposted that more wWisto Might would
wg&uwm&u this eolor.

'M Mle fnblo shows wing 4Lf ferent mmm soneider
to be the fundmsntel colorw:
Helsahol bs Gapndne pod « nob &0 B0 L .80 Udtvasssies blus

tinwolL i 880 ., BB 487

Hhndg me Just BOB o [
| mmm apootrme ,
e ' " BB A8

Alden - Betwoon end of spoetrum  .570.c to ATOu Violet between

ol 420 v end end
f12) 7.0.8. 1923. Na. 7
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From o eonsldorntion of Allen's lunduoslty wurvos (M) 4¢ Lo
whown that the fundesentel or prisery sensatlons sevs to be wed, groen spd
- violot, due to the faot bint these Bhrse Golovs produce oaly om elevadion
 (signifying fotigue) in tho uorvesponding part of W spestua, viile $he other
gulers, blow wod yollew, prodice two slowntions (edgadfying futigne of o
color senuntions, tha elevations dus o bhe yellow bebug the rod and groes
roglons, and Wi slovatlons dae %o the Mue dn the gresn mnd vieles,

Alden donsiudes thet the fundssentel ponentiomn are rod, grous
and vholet el mmmmmmmmmnm

Abmmy (18 ), on the oblwy houd, stabes Gt the sensation violed
45 gompoundod fyom pod end Wlwe seassbdons.  After a etudy of 4he wensation
surves of ARlen 4% Lo Luponcible 40 s et the priwesy blue fo the ordinary
biuo of Sho speuteum, yob from the fwots of eolor winbwoes there is coneidemable
vonson for ssswning viclet %o be cvmpound evlor bnde up of red and Blue. Ve
ohal3 now conetdop by meany of & Srlangle whora th Wiird primy senention sy

bes

5t Mue ® (violed pluw grosn) (1)
sad Violet 5 (Red plue Blwe) (&)
thos #h0 blue seestion has o violot ewponsnt mnd the vislet menstion has
& blue somponend, ]
Gubetd tubing She ¥ sessetion 4n (i) for the v component &n (1)
B (hdw) wu  (3)
and wibetituting the B wonsetion of (1) for the b component &n (4)
Ve (Vv de) W

i SIS b e
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dn (4}, Ctherwise the “B" on the sight band side of sountlon (3) wonld be
slmilar do the 8" on the left hemt slde, and the "9 on the wlght bond eide of
{4) would bo the saue as the “V' on the loft hand sdde, thus weking
Bandi

ot YeRen

whioh du o veduotion % %o eoler semoations instesd of theos,
Thewo must then be o third compossnt wideh we can sull &

Coneldor the tedangle e O, K.

Alowg the Lime R 4o G we come to u poknk (M, I and the
groon senesddons nps onpable of producheg snotbor sensations Pherefore sli
elong the (00 )k, whieh fo oguidistant from slde Oun, sed eide Nx, of the
Wdongle, o swsation oan bo prodused by o alxture of the Mx end Unilse of
sonsutlons, Perpondicuines dropped fron e (R0)x to O ghve polntes o Os
whdoh ave biue in mebuse, sl perpendieniave deopped to stde Nx ghve polubks
wideh ave Wolet In noture, Thus uhon we pench $he polat x the peak of the
tedongie wo recoh & podnt whare the wiolet snd the blue ponestioms wre diw
pomd, A thde podud the Blue would be the Tusdesentel blue; 46 would hewve
we pod &n 16 such ae found 45 $he wioleh of the speoteum, nor would &6 bave
wny green in AV ouech ae found fn fhe ordicary Wiue of the speobrum.  Gush o

podut w% be well oub 4n She wiolet reglon.
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AF puch dio the case 40 de ovident that o tedobwomnt whll bo wsable
to distinguioh the trud bluo sensation, duy o the faok Wt waves, such ue COGUY
in this region aleo sncite the red sewsation and e resslidsg coler pereeived
is violet. !

luppous, however, the rod sensatbon was eldudrmatod, then $he
solora boyoud o ordhmey blue, dnstesd of becoming vholed, would besoms &
 dneper blus, L.e. AF e sensabion of violed oan anly be farued when e sed
»m.mM 4s wleo proant,
| This Gonditdon La roalisod 4 the oase of & redegreen Golor

bidnd pubjoct,  then wewves of the viole® pedon fail upon his votdns, the
rod sensation bsing abeent will not be stlusladed romltin; then in hie peresptlon
of the veal fundusontel MWue golor. What ip woled to bo telolwousat apposry

Dy Moy Oodiine (16) after o padueteling and mioute exedmetion
of tan rodegroon bline Andividunle found Wt niee out of o bon had me
sensetion of vLolot sad alwiys callod violet bluo, Gho uitashes uo ignifionse
to the fact, bub 44 forww pesorkeblo ovidense Ui the thivd priosry sonsatlon
i & Wiue sush despor han the owdlnory blue of tho epectrus with She sourde
somewhore in the vlelet peglon.

MR RO SI0n RARILING to o

Aaoy (18) somparing $he vetine of the aye %0 o photogruphie
phate, shows that L1 the Lumge of o spevtium of dassling hedghbuose be developed,
and the spqeitien of the differont purts of the Luege bo musuped, 4t 4

found that She top of the ourve (senbitivity curso of tho sllver suit uged) is
murly flut for some Mﬂm o goch shde of fhe membaws podet of senedtivity,
Lngtesd of balug o rowded podub,  This woans thot there Lo n osrialn ropion

15) Golor Mindooss, Chap, V3
B Golor Vision, P, 219,
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An wihioh the waves of Might are in fume with the melogules of tho wiiver st
At wodorate intensitles, thic menbmus polnt fe the only om uiffeated %o ey
ostont, bui at desuling intonsition all polnte Lmwediately surmowstie; this
one are affested, wnd m:m dosvmponition Lo obtadmed by vays mob "in tum"
with the abende swing. ‘

lig coneluden, the affest of u dessling solor on the retine should
bo simdlar, ALl Shveo mensetions are stbmuwinted by, soy, o green My,
$ho greon sensdlon belng 4n proponderomce, If o dessliag green wey fulls o
e rotine we hawe thoe greon sonsation ot ite nestous stlmiotdon of onoe, sad
following quiekly the rod end e Bus sencollons resch thelr oashans ebdmalation,
 the effect 4o tv prodeve the consation white, The groen would Shes appenr '
uoarly white,  From the vensetion uepogition of en orenge vey, wileh is red
and groos, we should find on uelng Sho suoe srpusent thet the doasle ouler of
the orange would be o vory Wlabt yeliow of & hue 4o whileh $he two gtdaminged
 sensations arv equsl, _ |

This phensnonon moy b more seally explelned when donsldered
from $he viewpolut of roflex viewsh seneations. Olmee omdh coler dirostly,
ou vell e roflenly) ./, stimmlotos all threo sensubions, Wore nust bo &
maxinsn intonsity o which sach can bo direotly exeited. Uhen the sensation
diroqtly aomoeraod hop ronghod 44s mustows furdlor inovesss Sn Sutensity widl
bo effostive rofloxdy;i. only wpon the resaining sengetions watdd they sre ell
56 thedr mala.  This prodoss eas easily mesount for tho & eppunrunce of
ony partdoular eolor and 4t replocenent by white.

Fupthor, 46 s qeite pessdble thad oe the dbensdty of Shosolor
16 redused, the roflmws disinish &l o wore rapid rate then the chiuminting
solor, Loaving an wsbalensed posidiue of the solow, b further reduction %o
golor otinulus, sesuiting in the apponrance of white or groy Light instesd of




mzw QW} mm that the vieval offoot wuduuai by any @Mm
comstent amount of emergy varics amormously aceording o the eolor of the light
in queetion, It vardon considerably betweon syes which may oprdinard iy be
aulled uorunl onos, but an average gives the foilowing proportionste yeeulte
for seven polnte in the spectrum whers wave longthe corvenpond approginntoly
with those of the aprdinary color Mumm. whero mw fe the awount of enorgy
(about ghoe @rg) voyuired to make us soe Light 4a tho rimson of the spsetrus,

ond whore the proceding wave lengthe glven corvespond approximately to the six
eolore: violos, blus, groon, yeliow, ovange, redis
ave Wﬁ «w» &7 53 58 80 B8 .78
iy 3"%3 64,000 200,000 80,000 M,000  1R00 1
Thue we 800 that 84 takos only pugys 0f $90 anergy 0 produce the visusl
soupntion 4n the groon Shan 4% doow 4n tho wed, the green, therofors, badng
the easiost color to visuslise 4 the isst %o be veen &t low Mﬁm!hzm

i have endesvoured to show how owr color sensations are Formed
and how they have white light undorlying Shews, Thus white Light underlylng
il eolor pereeption hus been widely recogaised.  Ya Heriug's Shoory o separate
visual grocess 4o nesignod to the white blaok senoodlons.  In Wundt's theory
4% 4o nssuned that "two Wfforant stiouletion procsesss are set dn setion by
mmmmm & ohromatie ond an nohrodstis,  Both stimilations
foliow diffarent Laws vith Anoreaning stimulus dnbonsitios.”

(A7) PuaL. Wmg.y Vol. B9, 3680, p.ud



i

tre, L Lin aseunes thot "in the earidost stuges of its
dovelopment tho visusl sonse consisted of grey.” Oub of this achrosatic
sensation the color sensations doweloped by o provess of moleculer differentintion,
the white Light sensation 4o produced by the resombining of $ho some d&¢ferw
sntiatod molasulos.

Holougnil provides an independent white process in sddition %o
the threo fundusontal senentions ped, groon mad blue.

Buk the ussumption of the eadetonse of o separaie oensation for
white Lo not movessnry. WAth the eid of those dlagrmsis wo have demonstratod
that only throw sessations are owsenticl %o explain the foruntion, anl the
 variation in hue, lusinoeity, aad saturation of all solors umd color mbutures.
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, Ab the thwe the following eurves wore wade, it was not kaown
shat $he production of reflex vieusl effocts depends on the inkensidy of the
1ight ueed, with She reswli that the witor's owrves do not show the sume
affost ne W, A Andorson’s (1) whieh were obtehned dsbug the spoctrum of ea
are Light to give the fotigulng eolore. The weiter veod un noetylens flase
to sbiadn $ho spectrel colors, and fousd that this light was not Snbenwe
onough o ghve roflex effsote.

e ' Howevor, the cwrves indioante thnt the welSer's type of wiedon
bolongs to She wlaes of Ancusious Trishrouats, with the abnermality La tho rod
roglon botwsen .66, end JYOu . They sleo conflem ono of Andorson’s
resulis, vig., thut tho red sensation le wery diffioult to fatdgus, but do
wory suseoptible do enhwnceseont, Lndeod ina wmwmw all the ourves the
snosalows poghon 4o onhanced. 1% wes aleo found $hat us tho eye was fatigued
with rod, after o poriod of two ninutes the rod become yellow 4n sppearunce.

Anderson (4) found gromt mm&m in obtedning & normd
aurve, dus 40 the gredual loweriag of the wormsl se weadlnge gregrosesd.
The wrktor found tho oppontte diffieulty, n normel fakon tires menths aftor

MMWMathWmmW»M
from theoo exporiments, to Lndlcate that his wiehon &0 in uny way abnovmel.
A6 de woll kunown that thore are Lndivdusle whe show so oulop

i%; ri?t w# “r Vﬁ;‘n “j litre ‘; June %ﬁm



defioionay whatover, bub who, in metehing speotral colors by fwe mined golovs,
differ 4u thodr eguetion fron St of the wormal, Vor emsmplo, vhen waking
$he equation ‘

| BT, o505, 1500~
Goms require wore red ond othors more green than the nermal, Thowe roquirdng
wove rod are comaonly osiled red anomniios, and those regquiving more greew,
groon anomelies, The vaplasstion for anemslous Telehrometion afforded by the
ynﬁu thoory Lo ae foliowss Oinoe direct stisulation of the vetinn Lo slunys
nocompenied by n sensory reflex, then say sbaormal development of the rofles
stiawlation et produce st least anosalous rosulbs in color wieiom, Xn
uenerel, therefore, envmalous Trichroiation i due $o an aksorssl patio of the
direct stimulation of the sonsations to thelr voficx enhancement,

whhod adopted wee An wout respecte
the smae no:thet employed by Allen sad Anderson, with the exsoption thad the
fotdgudag tght weod m from an Wzﬂm flome fnsbend of an ere Lemp,

m apparntus ueed S0 obodn the meamrenents we eopendially
the same ne that oiginelly devised by f. L. Hiehols, (L) "o seurce of
1ght was on mostylene flaumo for which $he ges wes eupplied at & constent
provsure. The WM& was focused upon tho wlis of W golimettor of a Hilger
spectronetor, um@: wiih four prisms equivelent to three of slaty degrees
sach; Shis gave o epootmn of sonsiderable diepereion, narvow strips of whdoh
oould be Asoleted in & chubter eye pioso. Dotwesn the acetylene flawe and
the condensing lons ap alwskniws disk vith WO GPPOSALO Opon Westors of inoty
dogroon sach wos Fotated. The speed of rohetion, wdeh wes rogulated by

(1) B¢ e Miohole, AJdi Jour Ood. 80, 1864,
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means of o brake, wis elootrioally recordod upon & ohwonogreph. The g
flase wae enclosed dn nil sides, axcept the top, 4n & wooden box with & mil
glose whndow which trenswitted the 1ight to the spootrometer, This bom
sorved two purpouss, ﬁm¢ Lo proventing m why survents, produced by the
rotatdng dhek, fram offeciing the flame, snd second, in ohlelding the Ydght
from She observer's eyen. The epectronsler was properiy sereesed from w1
extronsous 1dght, and o shield dlosely fitting about tho oye was atSuched %0
the eyeplece, thus onabling Bll mesmurements o be mude under easetly the
oone eonditions. | | |

The spevtrun wsed for fatdpgeing the oye wae obbelned fron sn
amm:m flame, wedng o soliimator of su Allen Tricolor wising spectroseter,
A maarow but quite long rectanguler pateh of the spectrmes was dsolated by the
shuttor eyepieca. |

' Thile fetiguing he right eye, the wweed eye wee always dirosted

at o newiyel gray surface about four Snches away. ‘

AL $ho apperetus was mounted &n & room well 11luatneted whin

The m«mm seckorsd desk produced o filekerdng me in
the isolatod patoh of the spovtrum, dus to the repid euscesnion of egunl
fptorvale of color wed davkmeow., After adjusting the spoed of ¥ho metor wnkil
the fileker was Just Aupereeptible, the chrosogruph was ptarted, awt while
the record wes belng wade, whioh roquired sbowt half & niaute, the speod of
the dbok wes adjustoed to kesp the fidekor just on dhe podnt of appearing und
ddeappenrdng. At least two Andepondent records wers mmde for ough podnt,

The foliowing was the prosedure adopbed in muling mnurenents
for & novwal ousve. The spectromstor was sed ee that the shubtor ayepioece
mmma u nurrow mmum muu of tho mmm. the meon wave length of
whioh wan kaown,  The spectral colop wes observed by $he mght eye ubile the



80,
speed of tho dink wes rognlated o give the eritical frequency. The eye was
alwayn fimsted on o dust speck on the wight hend slde of the eldt. The eye
wag restod from four 6 aln whaubon botuwosn ouoh peading. In thie way observations
wore nade at fifteen diffevent poluwbe in 4iw spectsum, |
The poradebing eurves cbtedned by plotding wave lengtho on

sbesiesne and $he poruhatence of whslon ue ordisntes, whow Swd the duration of
thoge Light Lopulwes verlos s vome invorne funetion of thoe lushnouity of fhe
soloy obsorved, 1% woe dedovered by Versy (B) and subsequently by Porter (4)
that the durntion of the sensation of wndbnbniohed Wedgibness of o flesh of
Wghty nt the miblonl froguency of Pldoker, depends ouly on the luninosidy of
the Mght end in no way on the weve Lemgth, The Porwy « Forder lew de
ropravented by the eysntion

bow

o iog L 4
whore D 4o tho poreletence of visdon

L &8 lusinosity.

Koand By two constante. |
Ascording o this lew then o lowerdng of tho wreistency eurve may be Anterprotod
ue wn Anorense mud asd olevetion me o deovenss in the luslseeity of the spectrus
ae prosived by the eye.

In obtainlng the fubigue cupves, the woseduve wes similor 40
thot of the pormel eurves, with the exception that the right eye was firet
fatigued for two niawbos with the ghiven speotral eolor. Oere was teken to
prevent it wendoring,  The intervel elapsing between the removal of the wye
and the cosmenosuent of the ohronegraphic rocord was about 30 seconds, while the
thumo taken S0 mke the yesord was smother 30 sesonds,  Thuireadings for an

3) Am. Jour. Oed, 40, 1808
(&) Prog. Nay. Goo. 65, 18985 701 2908
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an offeote siudlay 40 Anderson’s. i

The fellowbng ourves were telion over s poriod lasting shout
three months,  The dete bable for each surve i Busbered the waus we the
surve.
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