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tsEFr,Eä Vï&UÂ! $Etr{E"årIt$Ë Ä'1SÞ

Å$OHAIOI}S TRI ÜERÛMATTSM

By W, A. "å.nôçrsoa

fflsûpsÏÊ,

s$Ëfrol{ L, l$rFoÞuelrt$.

BhfE soßte,i.nË a brlef sl¡ffilary of ths prln-

ðtplâ Bf, ref,Lex rlsïral. Eens&ti,û¡rË e.É åiseevêreô by åL3"enr

Íhe aathor, whoee vislon is Êm6whp.t a,baÐtßeL, sets ost

to 4çtenntne the eharasÈer ef these ref]"esee for hl.g ab'.

nor¡Eal- tLsLon,

fteërrÐs x*r ..ïï:i: :ï Ti-::_:1_ï-TY*.å1L erpçFi$en s w€re psrf,nrruøA 1a a üev*

llgbÈ tr6on, nelng the erit{ca} freqrreesy of f,l.lckor Bsth,.

pú+ fhe re*uX.ts* whteh are quauËftatlve, wetrë obtaåneå

þy na,æ$-ng unaourotqent* otr pEr€ e¡raetral EQlsrË'*

sE0rIcN 1L1+ ItoBM&t CIIBVB$.

,&bnorupl vfetsn ls ehûwr by thø eåaraeter

of thE pårËlsteaey ëqrvs, ta,he'a unôer nsraal eenÈåtl.gu*

ef Èaylrght a.ðaptatioa' fhg typs tf autrë, ç¿hteh we,e

found to be the sÉme for both ðyes, l$ eou6rarori wlth one

for nongaL vlsien a¡Êü Ena fer partXal reü^ eelor bltuå*

aËsig.

$EG$IOS 1T. A,EFT,EE CIIRVES.

Ehis oontalne the åeøarlptione. anð rssulte

of çsperårßatg sasrlçô ont by f,atågtsfng the }.o.ft eyo anü

EBklBg trEasurepønts of, the ehangee in the vieneL
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rsËFsaÊa sf the rtght to lLght fran thÊ d,Xfforent panto e4

thø speetrnm.

She ne,tì¡ra ef, any ehanga in the r€spor.És wes

afuaerya feunf, t*f?" cnhanooaent of bnÈgþtness sf the af,feet-

afl oolors. Røu enû ggeen w€rs fonr¡d" to ba nore snecept-

ibLE te ÈktE ref,Icx cnhe¡roenent than tbe v*slet. Êçptaån

eeletr*, '6,É0p, ,FS€p, r4åÐÊ, æå tha e'sitlr-s regf.øn räËQp

te 48Ëp, ehoweå ne refåex tseasfesvedl tç the other €fêr

ffhe nagprttaÈe Éf, tþe seË-LEã wee ggeatee* fçr fatlgÌåån$

øçI'srg neer the s*å,g af, tile speet'ram' ths eff,eet of, ôe'sk

aèaptatåon ìffË,$ ales trãesf,sftroû fis the otlmr $Fe eLþl*

Lar}y to fatigu.e.

$g0f ICIff I, ltiifl$fr& 0T,"SVSS.

Sble eoutalnø d.eeorlpÈã"çns ad roen:lts çf
Effievfmo$te fn whleh thê msêËEgsffÊnÈË were ÐaüE qn ths

fatlgeefl êg8o the other belng alwaye ln åayllght &Éapta-

tåoR,

It was feu¡ð that the røå eeneetien B€rË

very ùif,fiault te fatågutrÞrrt vor¡i' er¡eoE¡ltf,ble te 6Il-

haneeËent'., Ehe våsler ehe,wså the rsverse eþåraaterranë

tha green eB åatErgeåf.e.ts pþEå,tåon, $s uffeit 's&s eb*

tæf.neå fûs fetågtze oe*.o-trs" "É$ËF, n$Ê. p, 'Ë?ryr and. onþ

a sÊeIL offitêt f6r r$ffißr trhg ef$ea$e *f ðer&ness e¡rù

ÊtrsnË whåtø tlgbü &rs verT/ rüå¡a*,l.arn betb sbowing f,at-

lgue sharaetoråetåes{

fHË fËBÖË$f IüÂf- telrglÞE$¿{'åltJ{6s

She expÊråüônteX ãaetrLts show that, erêfif

$g$Ëft$ TL,
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rap of lfgbt produeeø both a ålreçt anð a reflsx qffeot

rl¡¡Ëa all tþrea funôe,Bøaåel eenestlone, wiH.cb are ehovvn to
'þe rsð, grÊe$re.nð v1+let. Shs aathorte type gf asXor

ylsi.on le shetrß te þe that of en anomalou.s trlehronat,,

ard. e4perinental evfuLenee 1e appl.Led to glve a fuLler

neanlng to the phenautsnea ae weJ.I, as Èo explaÈ,n lti the

pslnetpï-e of vj.sual reflexee fs eppLLed to thø loung*

EÊItrhÐlta enð Eerirrg theÊrl-6Þ te gbow tÞat the t¡uo eexl rro

tonger be rogard.Edl as rival, thoorles¡ but ean ba hennen-

iaed. by thio prlnelploç
..{

å

I
THFBûPUËffIOS.

Brotør*sfrsntæL ev{.üenee haE heea hrsqËht forth establ.r.ah'"

ång e new prf.noiple of eolcr vi.ølono the epBlleatien of

whtcþ to the Toung*gElnhoXta tb,eozp sff,ere efmple anå

gatl.sfeat'org eeplanatte¡¡E of Ueny of, the FhenÞmens, of

eelsr pereeptåon., wtrÍ.eh werg aðpfttsely fnexglåe€,b1a pR

the baels of the trlcbroipatíc tbeoryi

Hls r+et¿.Lte EhçH Éh.t tibe cf,feçt of, fattrgË-

å¡lå a 6lven atrse oË sns reïtrna wttþ any speetral oëX,or,

ereept an equtltþrf.rrB opÊ:r fE to lower the lnBånÊìlg rr€r¡-

Í,onss ef that asee te soL,€ün cÊrrsspsaülqg tç the ËsÍ1s8.i

ttens ðlreet1y affeeteÈ by the fetlgnf.ng etluoïus, arrd

to enhe,nse lte res¡rocse to eolors, exolting ahåefly the

çompleeentg{ff esnsetf.$äs' Ëowerer,, qhen the eelÊr* er6
1.r nI.Õ.$.Á. & 8,.$rlr ? F'ãå$¡ , åÐÈÐ



reèclvÐd upon e portfon ef thE retlne aiUef.nlng tbe fat_
Ð

tgued &rs€!,* or by the ret,Lna of the sther eyêrthe phys-
folo8fcar luulnoei"ty of the entåre speatrum le enhaneed.,

thþe the ooneruelsn le ùranrn, that ê?6rrr ray ef light
prorluees two eff,eeteo a d.freet a,nd, a refLex. rn the
stånnlated area of the retina, the dÍ,reet sçtfgn f,atl-
gäes eÀ*ber sne or t¡ve of the nÈamenËeX s€ncetf,onø,

aeearürng efl thå ealqr etåmuluç ls e*.m5ll-a oË coml¡ourrd,

ln åts Fature; thø rd.ex offeet cnh,snses the xu!Ëf.nons

rðspsnäs pf tbe reeaf,n[ng eemplea#ntary $enÊatløn$., It
i.s {luther conctruded t}råt the refXex ls ?ransf,qrred to
tho aûgolnÈng â.rËe.e ef the så&e retfna, a.ïÌ& Ê,Iso tg tÏ¡e
Ether €fe, f,n säch Êr way a,8 to enhance al"l. thrøe ÊÊn6a*

tisns d

the at¿ther ef, thts pep6r set oìrt to feT¡est

süRe sf those oheervatfons þut f.r¡ry¿lateLy *iøeove:red'.

from thE gheÐeota* of hå* norgel pereletenn¡r er¡,rrsr.tåat

his perøo¡rtlon of l,tght, arß ostrcr rs ssaetrh€.t abnormäil'

rt was thorefsre cf l.ntersst to èetsrmÍ.nq the oharaster
of th€sÊ ålreçt and, seflex eetJ"sns of lleht f,or one of
e,Þnoreal" vlsLsn¡

Åå

i.PPAnÅfTIS JrñD ffiEfHûS$ Of' tB*qEH,T.å[I0fi.

$hs epparaÈue useå an& the gßthd,ð aåeXlte*

Ha,frr ln pCIst ra*peotn* the 6Ð,Be aE that enployeå by Ål,ren*

Èr .IrCIr$oÂ, & Rofi*L' ?n p.gL$¡ I.0gø"



6

Eør tbe purBÐse of, meaenrement the aÏ¡peratug ÏflêÉt 6sËlÊ¡xt-
g

tal,þ tþe ssþÉ ee tba? orS.glnally êevieçå by fi* Trq $leho]-e'

fhe esuroe Bf ïåght ws'Ë eri aoetyl-ane f,l.ame. fsr lrbÍ'eh the

g4s waø $rppliÐd. at a constånt Btr€ñslrËle. the Light wae

f,oeused npon the ellt of, the sol3,fiÐtor of a Htlger spec-

trenøtero ff.tteu wtth fsur pr$,enn eqtri'valent to three of

rå.xty &efiree* oach,1 glxl$ 68rs'e a epeotrtnø of Esnstû'efl=

obls ðf,spørslonr m&rra¡v mtrùpg of wlråPh osTålå he l.Sçta$e&

lg a ehntter eyepÍ"eae.* $*twe'eR the asoty[e*e f[a&e êüð

the oonÈgnaf,ng lens a^n alu¡olai.usr &l$k wlth twø opBoni'üe

spsn å6€Èrrs of, nlnetsr itðËre€s saEþ wae rotateår- The

sSleeð of, rotatlon, whlab was regqlatså hy meane of a

brsþe,. wå.Þ e[eetråcef}Y nçaorðeå BpÛ,tl a ohrsncgrapT¡* fhp

gne flawË wês ËnsJ,oseê cIî s].x Efüee, €xoept Ëhe tasr ån

e wssd.ðn hox fittod. wf.th s, Ëms,[L glaue winðçw trhå'çþ trenË*

pi.tted" ths }tght te ths s1têstr+Bstsr., $hås hpx EorYEå tws

purposeü, f,Lcst, lfi preve.ntf,ng at"r currests' P¡'gûråeeè by

the gota*$.*rg ð,f"eh6 frou affeetf,ng tfre fl'aüo ' anG' ÊçßÕná¿

l"n sb,letåå.n& ths igght from tþ obøersssrs Èfô&t Îhe

ÉÞ€êtrsme,ter was pr$Perly &Êr€€ä6& fqOU ctsL s5tr€ilgÊsü's

lighù. e*å a ehåex.d,, GlÞ*el.s fåtttng asEut thc s$r'Ê' wåE

attæshe& te tbe eyepteeen thns enabllru $}tr. seapsro er¡ts

t.e bo Hs&e gn*sr oraotty tko sQ&ê qanêltÍ-sns¡

sho spao'tfü# tr'Ëeë for fatl8inåTlg th6 sflê,

ln tþe #&ss ef, nearl"y aå-l the rafloe anð aleo for Êffiê

sf th+ fnti.gus èusY6É,r w&Ë obtatueð f,reE ä'Tå Ðre fÈgbt by

#, 5o Ir. $ri"chotr*, .{s¡ Jour'Scl'o ÈËi' tÐg+'
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Bearls of, p two-prj.sm Brownlng spectroneter. A narrow but
qufte lqng raetangular pateh of the speatuun waq-r.sol"etod.

by tbo shuttsr eyopleeo. fb.e spsctrnm wee se lntense

tbat the eol"ore ln the midðIe portlons of it epÏ¡rçæheð

shtteness ln å,ppe€.raneê. For thE ueJorlty of tho fatåguo

OurvêÉ a esnstant devlatlon Ellger speetrømetcr wåË 88-
ployeû to fu,rnieh tho fatågulng eeLor. H'lth thtE lnotru-
nent tbe Ë6ureð of, ltght fer the þLue anû vlol.et was el-
weyË the el.eçtråe å,re? anð f,or the reuaLncler of' the f,at-
fgntr¡g esl.ore,- soËetlmee the ef,e wås usoð, and. at other
tlnes an lncand,eseent bulb, which prqåueeð a rodl of ebout

the ssne åntenelty es that of, tbo e,fs epeatrun, Fho ¡rsÈ

of thE Hll.ger eBeøtrometer and. J.neaad,eseent bnl"b narle a

aotr€ çonvonient srrengsm€nt of the apparatuso onabllng
.'measuremente to be rsaðe withln a few sesonds after resrog-

rns the ðvö *::":T"ï::ît* eotror'

Whf"Ie fatågulng one€Ers, or naEf,ng !0€eßür6-

mente, rrhûch wae always dlone wl,th the rl.ght, tha unseeü

eyê wes &lrest€d at a nsntnal grey sr¡rf,aea sbout tËn

lnehEe Ëwey. Sometlrnes, uhen reeord.lng observatlons on

tÌ¿å Éfn ond.e af, tbo spøotru.E, the left eyë was cLoeoð for
a f,ew sôooadl,s, whXeh dlå not exceeô half a nlnute. $o

üxf,f,erence eoulð bê Ëgteoteð f.n the tLme of the Erl.tieel,

f,requoney of f]"lckerr &B reeefÈEü f,sr the brtghter parts

of the spectruu u¡hea the Left 6$rs was ELoeeô fçr e. f,ere

'e¡êco.nds, and. lt wae aesumeri that the tlae waF un&ffected

for the dlfm coilors.



I

Â11 the apparatrrs was üoäxltød f.n e röon wett

fllunlneteit wlth üaytj.ght* Sfieaeure¡nønts worø nøt at*
temSlted xÉ Lt wae too elouðy or d.ul.L or teward.e su&eet,

enÊ, never wltb artlüf,clal lrgrtrng, for årlen hee erþgvno

thaË dtn Llglrt anô üarknese tenð ts oþçenre the refÏ.ex
aetùon of UghtÒ

the ro$attng seotoreå ðf.sk Brqôuesð a fJ.åcts-

er*ng sðnnatfen ln ths f.sol.atef, patch .of the s¡reotrum,

f,ua to the raBtû eu.çceeslon sf eqnal intervals of eolor

anci d.arknegs, Åfter að$uotfng tha øpeeê of the motor

ffittl the flfnker we,Ê ånet f,ryeraeptlble * thø ehrops*

grapþ wag gtertefl¡ s,Bð !vål}o the reaorè was Þeing mede,

whlch requlreü about ha3.f a sÍ.nute, the speed" of the

Õåeå uIBs Veff,ed s[tgbtly, Eeepång the fXfeker Jest s¡x

tbe Betrnt of apBearlag anÄ ðf,eappearlngl Ât l.çast two

lnðepenf,ont reeord.e, repreeeatlag tbe ttqe of trÐO to
400 revaluttone af thE ülek, serõ aaün f,or eaeh polãtr
s,nå Xf, thepe útrl net ehpw good agre€meat ¡nçre roaðlngø

wer€ tp.ken. $o oonete¡nt were the eond.lti.ons, that tha

lnd.epenrtent resorils gevs valî¡,os for the duratlon of a

sJ"ngtrê fl"ash, at tho srÍtical frequenay of flicherrwttb
a yerf.sttan eEtråoB greu.tar than ô.0008 seÊr, oxeept for
pçfate 1n the ôLn onûe of thç uBeetrun* Bhe valnes used

Ln ¡tLottfng psln-te i.n the ÞrX,eht parts of the speetnrm

wstrð .Ree.ns ef r&euaï],¡r two or thrse Lmd.eBenûnnt Ð€&Étrr€-

æenta* ead. fcr the ertreno vlrlat emð reù thq neen of
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I
about fsur r€eûlngfl was taken*

Lments streteheê over &tr¡ f.n*Shese experj

terval of aþout flfteen nerxthg, ffioet of the ¡rork belng

üêno, heweyetr, åU*lng the ff.ret three and. the l"ast flve
¡tssthst She eqrrÊs wêrÊ nÕt secoeaaråly ta,hen ln the

erðer Frsgsntsd. in thl'e pêlrsr, al.thor¿gh nearly al.l:of
the reflex €uslrçs ryâFe bogpletad ùurtûg tbr fr.ret tlrrec

nonths ËfÊ b,6fsro år,ry fæåågne ogr.yg-s wêre attemptefrr

*åe
$enËaF çr€t$s:

I¡l uakfng möe,gtrreaents for a nornaL

çurve, the f,atlowin6 FroçedarÊ weË aüo¡rteë. The spec*

trn#kas Eet eo that thE shtrttsr eyepiece leolated. a

netrüw roctengu}ar ¡ratoh of, tho epeotrugr tbe uÊaÌt wev€

Length ef, whleh wes Im$Frn'' the sBeetr*Ï. color was sb*

eefred, þy the råght ÊFs, whlle tþ.o epeed sf th€ fitsh
rüae regu,l.atee Èo gåva the çriüleel fnequeney, ruhl,ch weg

thsg, TepEr*Eë, ,$arE wsls tatseß ts flsete the eEtor ðùr*

üst¡,ãr' en{ to Brevant thË eye fre,ø wanêetrtng whÍ.Ie Jtrüg*

tng tbe polnt øf er{tteal f,requsnÊfr rhe eye wee thea

regt6ð fer e ntaËte sr twp, ffiå E, s€gone ebrenoêraÍrhte

resorô mad.e otl thç Ëe$o portf.on of, ühe epeetrun* Betrryeen

the measuremenÈr ns.d,e Èn fllffersnt poåute ln the sp€et-

r?tn the sye Tryâ,s reEteù ln the S.Èff¡rse ¿nytri.eht of- the

reëÉ for from ftVø Ès ïen uånutes, e€ü€füålrg tö the

bråghtneeo of the sBectral, ooJ.or, Ëinee the speetnum,

u,pon wbtah aL[ &easureEleatÉ wËfÈ Èaåe, lvae not yfir,y



g

brltltarrt,. a¡r& the tine requlre* to record, one reaúlng
abost h,alf a ml.nute,. Ëhe ey€ wfi,ß neË läEeåy to besûHe
nppreoåsbl,y fatigu€ü. In thåe fifågn sÞSorîratåors were
uad.e 

.on fiftaen or Bore pofats of tbe spoatrrun.. 
,,,

ßhe pereåeteneg &$F?Êsr oþtaÊneå þy ptattc!
lng weve leagslae eE aÞeeÍsËes *ne the persrstenee *f '

vfeton es orü,r*atee, ehoïs that the iluration sf these
i .: -!{gþt lmpurEeg nerf.ee eË Ësffi lærËsre* fs*r*Ëåan of ths --.,, ,

luminosíty of, the eor,sr sbeErveö. rt was ê'eaovare{ þy ' 
,,,.,,,& ---:---T 'ry

tssl-ryr. ' å,nfl *ÌrþesqË,ehtly tn agoåher @nns1' by Sorter.r&
that thp ü¿ratLsa of, the seasatx.on of und.inlnshefl brl6ht-

.: ;aËsË sf a f,tash of Låght, &t the *rltioal freqçenay of
flloÈer, Ées¡sn€.s rn1g sn the lumån*såtg ef the l,åg t ,anü l

ån no Bü,y Ên the'werye lerrgth, Shs Ë,e¡.rffiorter l*w, a.s

tt is hnomn rs re¡rreeenteü by Èhe equatåen, v= ffi, ",
wh*re Þ im Èhe persfstsnee of våqtqnn Ii Èbe tnm5_*o*åty, ,'i

':e,nü k and" hr twe eeaet+Rte* aeaorflrag to thíe Law,' a
].eworång ôf'the peretsteney sut*fs rÈe$r s-ê åA*tarppetaê i,,,..

ü.$ en f.nsreaeô¡ eÞå ag ËÏ.€+ætÌ,ø* ae a 4.oetreetwe, tH Ë,h ,:.,,

Ï"snlaoeflËy of the epeetrq¡fi es PfiirçsåtrÊd 'þy Ë,þa egs r

0onsld,orabl.'e Èf.ffåeulÈy wae øxpetrÍ*
'BÞeeü. at fårst f.u gÞte,tnåm# a eatlsfaoËorg seriryal, $Efyêr
fhe au.thor was net åìüårs th,at his vÍeiea îs&s abnOrUeÏ. in
&ay Þrry', ÐH# Èepestså Ëo get a 6ffi0*th ßrr*?ð ae'$btatne*
hy other obsErvens of nsrnsl, rfsf,En* .af,ter eveny uet of
re aå1ngs, the erxrvå prgvÊa to be å,rragnrlar between *6%
enù' .,66p, auê rt wss thoughË fpr q $lffi tbat trrre was" 4. tlta.Joìtr $ci. Tõl* 44: -XÊ-9il

$" Fnee' Boy. 
-Éocil-'Fo{;'agi*iõ$ð¡ 

Tor.?o¡rs$Ê.
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êue t,a thâ wrtterf H l;nq$]p€råçne€ fa nahf.ng eueh E€eËure'

EËtrtsr flhe reaålngs wêre reFeated. agaín an& agein. the

greateet øer€ Þeåug taken to make eurreet obeerratlonen

yet a smoçth Guryc îvå.Ë¡ never obtalned through thte rqfon.

"åÊter twô çÊðks sf, strsnîtoî¿e wÉrþ eri{ eevereL hr¡nflreô

nøåÞuËÊBents the qrttÊr wâ,s f,srseë to Eealfse thatläçlsr

*E$Qp anû r66p, the esaet eh*raçter sf wbleþ was asçu,rr

ately üEterml¡rqd by ma,Bång oþ*esvatløæe Êr¡ sw€tsal aô*

ååtåor¡el Boipte i.n thås part of the êtr]€:strlr&.. 
_

.Ànothes *,i'ff,*çaf,Ëy 6x3teråanoed, f,n eÞta**:
'.

trng a eÈtåE:f,as-tory poensÏ. wae tbe graêtrel Lewarång *f
':

thÉ entåre Êr*Eyä ag the senstent re-¡rsafllng sf the

FÈLätË ssþtlxffied. fro¡* åü,tr to åa¡r' ffhi.e graôueå d.6prsss-

iqn ef, the cr¡,rve, whtah wee rüost SrÊßäunsøð üan*ag tko

fåSet thres wåshs Errè Þefore a eatlsfeËÞfg nçrme was

eþtei"ned., eoulinueð tê dre'p vÉTS elçTsï,y fer Êptçra1 weeþ
;.Bqre, 9lh# Fhe4onenop eI¡FBå,rs s,s ono peelråi,ar Èe the

author blpself, fgr three other oÞservetrs, uslng the

øenÊ epperatae s).ÊÊ weskång q&åEr tha Es&s cesrèitåeÊs for
several ne$the, 4tù net eepenåeaoe f,,*. Oae g-bservêr w&s'

notf.oeeÞ$ color d.ofÍslent ln roa, rrbtle the otber twe

wÊï6 of nep-es,I çel"er vl-elan e,åå Ëþ+eågøô aÊwes,t åôent*

laal persietenql' eurrssr Seeanse of thte $raåual trÐwêr-

f..ng of tbe nermaï the reaétage wgre nepeatsd. every fo.w

vlet on was n.ct çomFLetstry nor,pe.X.* Pbe $efså,l eu'rçE wag

flnåtly p-Laüteð abowln6 tbo, abnsr*a'å sLEvatlon þetween
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ôefle, åeð i,f s4är appresåaþLe ehange heô ta.ken plaee, Èho

fatl6uø er ref,l"en üîrfv6Þ, tahen slnse the Last ïrertqa,l sb-

eervatlon, weÍÊ ðíeeard,ed, It wae forrnð, bowerer, s.fter

absut one ¡sentbrs work thåt Èhe normel reuef.ned å,IüÐËt

eonetent * 8urin6 ssnti"nu,qus werh frsm wêeK to wEets the

ehango 1n the nqrnal, trf ffi¡rr wae alwa,yË e geaeral lely*

etrXñ€ a,nd nÊver thg rev€rä6. IIowevor, on regçmång tho

wErk aftor ¿n lnterval af, Ësven nonthe, the norrcetr baõ

*ltgbtly raLeo6, b.nt eaæaç bs.o& te f.ts or*.ginaX paøÍ,tlon

aftes w+nhln6 f,op a wqekç In the qecsnô eslunn of aeoh

tæÞle *f åaüe are gal,?qn thê roeê$,ngu qf the sotrqd

oervÈ agalnst whleh the f,sl.lowlqrg ref,I.æ or fe,?lgue

eËrree aqe pl.otteå.

Ftrg" L represents tbree etages 1n the

Lowerång of the nernnl eurreÏ the f,e.ta cf whtoh ere glteu

in EabLe L. ghÐ fJ,rÊt nor¡pal lllstted. was that oÞtalneð

efter one weeh of eteafl.y werk, the seeonå after two

Foeke, and ths thirri is the f,i.ne,tr cutst¡ê ¡rhiah renei.ned

elueet eÊnst*et ðurlry the laeÈ fåye nqnthg, In Såg. È

Èhe authËrre fl.nal nornal, matrHeè WrÀ*A.n åe plotteå

wi"th two other norns.le obtainsû þy orr¡reri,eneeel oþeery-

erÊ r trho Esed. the ssæ apparatu.s snù îîÒrksù unôer the

ÊsmÐ cqnðltlons. fhe curve wr&eê #cå* å,g .&Ll.enrs a6p-

mal whleh íe plmost lðentücaltry tho 6sffi as obtaineü

l.eter by H. s + fiol"X.enberg. She thirð, uarkeå -ð..H. , lB

that sf Ar trsllenbêr&r wbeee asler vlstos ls, netÈeeah3.g
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åef,tøåent ån thc reår å. e6n¡¡eråeOn of, tbe eutþorrv p€r-
eistenoy crlrvs wlth the noruaL typer åB obtelneð by al.Laa,

i¡rüJ.cates that the ferrerrs eye ås mneb Hore sereeåtlvE

to lågbt sf, aLI. .u¡eTr6 l.,ea6hts, the mExåAqU dif,forenee
betng ín the gF€en end tbe nf.nt¡uuxs i.n the ora,r¡€€. t'rÊ

ehgwa by Á.Ilen'6 ooler åaËieÍ.anaE i.e reveeled. Þy thess

FQrtlens Of the Þqreåetenøy euüyå eS,eÎateü eÞave the ner*
mal ty¡re* thlE LE qetl lï.lnstrated f,n e¡ Fo}Ienþergrg
curvü, üäi*ih showe alnoçt sogÞLete colnalðense iüith the
wrlterre throaghont the viol"et anü brue, hut is greatry
elevatedf sten above thc nsrne,t t¡rpeo lä the ye}ï.ow,

oreng@ and, rod"q

At thìå aXoeê Ef thø ueseatrsh a noqual
servs for the reft qye san teken, BblE car?Br Blotted
againet thö fånå,l normaï f,sr ths rågbÈ e¡rÊ tE e-howa ln
Fígr $* It wtl"l'be ohearve$ that it le of tl¡e sË,bg

oheraEt+r ae that fsr thg rf.ght €ser tbe o3.1ght ûevie*
tlon betng probabþ aue tc the faet, Èhat tbe Ï.efÈ eye

wes uaå,ecuetoægú to ta.Eång read.ingo. Tho èata f,or aLl
the nosEsl eusvee Êi,seuegoå ehove *re gåvon ig Eable L.

Åg

EEFTiEE CUåTEË

ri3.l eupvao, F}-ettert f,rom reeul,ts sÞtaineú

by fatf.gulng the lef,t ege e,ad ühen ma^klng peasureæents

on the spoetrun wfÈ,h the rig,hÈ, are eelled, refÏ.êåÈ eqrv€F,
3hÊ ÞEÊB€*ure wae EåÉål,nr. tç thet ì¿sãë ts sbtstrn a

.6r Phys. ReT.J,l., ¡1.p5?¡ LgO0.
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ãÊrËåÏ, sar-vÈ* exeept that the l.ef,t eye nes flret fatf,gue{
for üh¡ree raåmrtee n¡ith tho gs.ven øpeetral sotr.or; tE¡re wgs

taEe¡r f.n faËlgtri.ng äbe e¡re ts f,ixete ore the eentrç ef the
patch of colo¡ anü to ;¡rgçent the eye f,roa wanðering, Tha

isterval a3.apsin6 betseen the renoval of tho eye f,roæ the

fatågnång cE3.er etñ the aemËE:rssmçßt sf the chroaographle

rpeorü wee fsou 1ã Èa äÊ sses-lr{s, w}rile tÞ tå.nE r€quåred

to e.qçnl¡Ï.çte Èhe reeorû was abouÈ geåtþsä SÞ seesä+ls; Sfnea

thÈ xêft ëyê was fatlg$çd for tþrEe n*mrtos þefs e ôsêry

reaÈlng, e,nå the t,åm* a1apegug grêH rtrs BeÐ$oê of fatf,guø
tç tbe next salðon longer then a mllnrte enô a hal.f,, the
syÊ fl¡a,s üfiásr aånoet çontlnu+¡rs fatågua¡ fhe re$,ûtn#s

for en entire eursË TÍÈrö usua}ly tek'en at one Ëssgåen sf
a

'tw€ snê/nae* ts the* honro, åqg rea4lngen whf.ch wqre

oÞviotrqï.,y lnaeøunetË' w#rts rsÞêet6& a fsw hcurs Iater orn

&B wä,Ë's,ftep the sagen ÞÞ* nExt ûegi .{t l,êF.st twç qË

three hoareo ånð eg.Ee1lg ene ntght, fnter,vess& between

thc tek¿ng ef, read.i,ng* fer twE Ê*"f,fer-eæt f,atågus.ng e6å-
grsr rn eech flgure twe cüs?eß å,r€ pã,otteü together.t6'.
the gane ecare¡ Bnêo tbe nernal or raferænee aunerwhldr
thror-ghout åB shown e,o e ü*el¿eå l{rle* tfie e+conü, the pe*

fLgs sr¡ff-?*r 6,rawr¡ es å son-tåBnoas r,l¡Iê, fke sûi-ncldqFse*

en* il$"verËeäçës of the reflE:r anf, p-+:rnal" üurves sÏ¡str the
affect üf th6 fat*gnÍ.ng sgler Èn tþ.e teft sgr€r ÊFs_n thê
ph¡røfolegieaS. lupånost tg +f the epeetrrm, ås pÊrs$åveil bg



x4

the right.
fhe åov$.atf,sB sf tbe ref,l.øa Gtæys fren the

norsal ie sho$¡n ln anoth€r ue,nner, at the bsttou of eaoh

flgnre, by Stvlng an arbltrary value of L00 tCI alå polnts

tn the nornal, üuffiÈ, and" tredlu.elng th.e refLec cttrys ln
proporttonn fhs date for all, ths reflex ourvee e.tr6 6lven
nn fablee È, Ð a,nü. 4. ïhç f,atl.grrtng color usad" Í"e uark".

6è åt the bottom of thp f{€UssE Þy an Brrûwe

fhE rEsuLt of fatl.guf.ng the left eye lrfüh

wå,¡rs l.angth: ç681p Ès ahowa tn FÍ.gç 4. Hhe entåse 6rår?€

åE êspseeeqü beXss the no¡ryøI, thË d.apreeolgns b6l.ng

$peatøet åa the tm arl$¡'br¡d B¿f,åtB of tbs spectrun,and.

lEe,st et tbe twe Þeå,nÊËr êhçìrt wevg lengths r6Qp and.

¡66pr which apprÞxåmato the norm.I surve¡ It J.s evi'
Ê€at th,*t ths effest of Ëatf.SqÈ en the ï"eft eye hes baü

a ref,X.ex eff,Ect upon the r-f.ght, reoulti.ng in the ðn-

ha¡rsement sf, the ¡rhysf"olegteat- br[ghtnase of, t,ho entlre
gpeçtru,B. 3i€i" 5, tfu.i,ch ghowe thE reeìrït wken the fet -
igulng cslor wae 16?s,, í.nrlåcateE aR enhancemEnt frsgt

the extreae reð te .ãqF, ffi{L qe*nsldtånçs å,t ç€6F aad.

f,rom ,6Þ to tbe violEt end.. Hhen weve lengÈh r6ö0p

weE usod. to fetlguE the êÐ€r tho reflex eusrys, Flg16,

egr69ñ et osol-y with the nÊr-na1 ln naarly aII poånts,

exoept f,or a e[tght Èepresalon ln Èhe ora;ßËe, anð. a

snetl E}çvati"on ls the oxtreme ìråa1et, whleh mê,y hd p*,Ft*

3.y ôue to the ðtffteulty of 'uektng eceürate $€Ðoürs*

nEnts ån tbåe ùin regton cf, the npeatpu*ii It lE qnl.ts
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Freþablä thet s€EÊ esï6'r cl,oee to p66,S, snch an e66gp
gr .,66ff,, ulght bs fo$nê to give & ngy€ eomplete oolncl-
åe&e#, F{sve I"ength ¡66€Ê 1g o$s qS the equlLåbr[qm eotr.

t,
or$ ôlsêov-çreü by -åLlenj rçhåøh ehgwe no reflex er¡hanse*.

msnt in the other €g6r

the refÏ.ex 6arvö .for a fatågnf.ng aotor of
ç6Ê9p, ï'l,g¡ ?, ehowq a fi¡rthør reðusËåçs ån thg østent

of, refl"çx anhEnasFfiøntr ÊÊ eompareë wtth I'tge¡ 4 enå Ë.

*he snharxqåÈ effe*t 1ç sonf,åtrefl Sq the måððLa pa,ft af
tho e¡ecÈrun þetwçen w&ys lenghte r$ep anü r#6p* wftååft

tho rsmal.nêer of the cu,rvð eolaelêee ïrttb the normal,n

Bhe 'transferroù refl.ex anhsgseægnt fnr fatf,gqe çolÈs

f 6?fft, &.s shpwp ån $Èg. 8, 1s verXr elnf.ler to that for
pSåS¡r, oxeept that the a¡nount of anhaneenent ln the

ðrå.Þ#å å"-q & l,åttls gneaterç $Ínaee rËa-vq Lengüh r,$?frt¿

another ef tha eq*å.Li.þrår4g ealors ü,Àseø,?erad. Þy åll.euo

üåð nøt glve the sens resa,3.t f,sr the wuf,ter. another

eolor ¡,rear to tt w.e trloê* aa,urily. .ð€Sp. fhle provecl.

tE þe sn aåmset perfeet .eqnåLlbcfuh o6i.otr,¡ ag g own 1n

Fl6' 9, Th.e reflex eurve for i5S6F, &Ë plotteà in $1g.

L0, shons, l"åke som of tho irrevious €rrtrvês¡ &Ír sn1

hancemsnt l"n the seÈ anü" Sell.o¡r-SFssaì end coåuB,lcle$jse

wi.th the nores,l from r5fr. to the enå of, the vislet, It
ü.åffere fnon tbe pther reflax ÊËr?çs by showi$6 soin*
'?, Fhitrr trüag. õ8, p'õEi I.91,Er ¡Ilsç Jq#¡SrÀ¡?' Þ.Þ8s; l-9Êõ"
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ofðenee ln the regíøn eorrespaaðln6 to. the ablormal part

of referencÊ eurv€, wb,ieh, howevor, !.nelarl,es .66p,

å"llSetlguc eølors cbosen from the #peet*

ru& bðtwÊen wavË lÀughts ,ãå0F errf, dEOp resatrted, ln gåv-

J.ng gooå eqlrllåbrlun snrves fsry efmil-ar to F!.gr 9q Ëurves

for the f,elLowing ws,võ lengtba wøtr€ sþtainedn .ÞBgp.,

'åI6p" t606p, .496pn e¡r& Ç48çF, the ûata for whlch are

gåvon tn tsaÞlse I anê 4, b'r.rt tbe cËrrsÊ themËel"våg ä,rs

nst ïsFroôugeð ln th*,e pêp6r etËp$ they resenble elooely

Flg, 9? In thln pert of the speatr-,rem Ållen feund thrse

qqatlibråun eelore, .58q8, S06p anü .48Qp., wtr!,te wa?É

tengthn nS15¡ anÊ t49$p 6av€ pæLl. seflex eaha¡lasmanten

S{neø most of the traasferrød. refl"es affeate obtni.rreè

by the writer are emaL].er thån those eho¡rn by ÅI1ente

ËÈsyÐçn it ls quLte probæþX.y tåat. åf any vafl.ex aetåon

Lç T¡rcðneod by Elt-her 16l$, or r4Êñp lu the wrlterf s

sys r í.t le too suall t,o þE iletesteil.
glw reflex €ur?e f,etr wasÊ lengÈh .46$F

as shown 1n n'f"g. lL, reveaLo a ôeeLdetl enhaneement -Þ

tbroaghouÈ thÈ er¡^tfro speeÈru¡l, üho çff,eet 1s noet Þfo-
ao!¡Êeeê i.¡r tbe reil, anê least a6at*n about .õQn anA .66¡1.

It may be Èþ€êryed that mset of the reflex êTrtrrleß tenô

te eeånetåe with the nernal ¿t Èheee turo Þolnts,whåeh

ållen has eallaô nselneLåe¡ûee polnted. Hhen F&ve

3.ength .4ffip wae used ts fatlgue the ðy6 a pmaLl re-

flex snhaneement was obtalned, &Ë ehewn 1n Ffgç }Ênbut

when r4ÊSp wae trJ.eå the refl.ex ërFTq Êennclêoê through*
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oat wi.th the nornel¡, thns glvfng flre sape aqu,Ill,brlun
:

eoLor as found. by ÅX.tren.

ltlthough,tho luulnûsåty of tÞe vtelet f,st*

åg*åf.åg esl.or wås eenparatlveþ Lew, yßt the largeet re-
f,tr,ex effecte rflÐrË oÞ.ta!.nÈeô f,sr the faÈågue co}ors..4ÇS¡

etsð '419p,, the rselrtrte qf thE lattsr &,re sbown ln F'lg.

,lãt 11&6 e*ËSt, f.t predtuceq a 3"arge er¡banesbent through-.

aut the ontl,re opeetr,rru exoeBt at the aqlncåðsßee pointe

.6Qp anè 
" 
66pn

An exanluatfon sf thç refl.ex eurvês ag

e whel*en ehowe e vsrär l"ntebeetfng føÉt, ne,uelyr that the

largeet ,ref,Ïåx eaheaeEnente are not obtaåned, by fatI.6u.
ing wtth the brlghteet aol.ore, buË rather wlth the dln

ssLore, ËËelh eo .68?p, ,4ËqF e¡af, ,41&e $hesa we.ìrê

,leng$be çtåmnlato proûonl.naatþ o,xle: seäeatÍon each ¡the
'flrst is eonf{necl almost entlreJ,.¡r .t,o tho rerl. sengation*

wåi[a thp laè,ter two affeet ehåø$ly=the vLglet+ It
wautrå sp$¡sef thErefgre* that thÈ lango erlb,aneoüçnts,

ebtalned. by fatågulng wtüh the aþove so3.ess, 1Ë 6ue,

slther to thelr lo$er 3,î¡mÍ.ãssåty, or to the sånplåefty

of thetrr stl.mulatåons of ths fu¡d.amsntal seneatlons¡ rt

eoqparf.sqn ef the varåpae gef,Xax eîrtyË& shÐwü r that -4.

reftrex enharroenent in the yfotrèt åe çbtatËÊå, enly rshen

the fatÍgqårrg eol.Er lç êne sf cemparatlvel.y low lumi.n-

onåtg, gneh ä.s e. reê qr rlêtêt. Wåen a ref,J.ex dl,oeg oe-

eì¡tr it i e al.ways manifeeted 1n tbe goet lunlnous ¡rortion
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Of tbe epoctrunf anf, urfth tbe Exseptlon of the ref,Ier
elrrvÊ fÕr o58gp, al,eo tn the reð. It was therefore of,

lntçreet ts eleternlne the refl.ex eff,oct ss an rntenso

whfte l,'ght 
Tbe teft €yô was fati*rueê wlth a er*rrar

patch sf whlte l.fgbt, çltaf.nøê by renovLn6 thç Brlens
from a speotrometer anö. våewXng the whtto Lnebt f.a the

eyeplece. By thXe nÊêånÐ, tb.e arEa of tho retlna stlm-
ulateú was thE 6aB6 es fùr the sther fatf"gue eol,oraç

fhe resulten as ehown ln s'f"g. L4¡ etre einåLar te thsse

obtaÍneê for b-rf.ght osleru throughout the lntêðIe of
thqpÞeettuffir nhå eurrð frou .4Qn to the vtotet end, sú-

lneåüee al.nsæt oompletely wÍ,th the normaï., whfltr"e the

renainúor, wlth the exeeption of abaut .6fr,, sho¡us a

ê$.stf.rrot' reflox er¡hs,neemÊnt. lÊhs data for thå Ë sü,fre

e,aê the next are gåven in feble 8.

. Eçfürq teklÞg nn¡r reaôfngs for ühe Fë*

fIEx effeet çf ê.arhðs$ edleptatloR tn çne eye ui:çn the

peroeption of the Lümlnosfty of oolore by tbe other,
'r j.

the,r &sft @ãr€ waÞ bl"inðfotrüoê^ f,or eÞout aa hourrffið kept

in that etate untfl all the obeervatloRs, whieh $r€re

taken at the rc¿te sf çno €ver¡r flve månuteer were GoB-

¡rleteil' Tbis surve, âË pLetteå tn Ff"g. 16, le quite d[if-
farelr.t frsu a,ny of tho otber reflex eurvês, iR tbat the

entLre sury€, wt"th the exeeBtion of the abnsrmal rogion

"69p to .Ë6fr ls elsvateð ebove f,hE norlse.l" thte ctrearly

veriffes the obeervations nad.e by AlLenr that üark
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aá,a¡ltu"tf.on Íp oaÉ eãre l.ewetrs ths phtralologied Ir¡¡nånoei-

tles çf co-Lore pereeåvç& ls the other, a føet, wtrf.cb ehowg

tiaø lmporte.trce of lnvestigattag refles pþen+mena ín êogr.*

Iågl-It, when the r¡nnsed. eye Xs unôer nature} li.eht aêaptø*

tlon.
$'he naJorüty Ef, the r*Õuqeê eBryesf shc$n

at the Mtsu ef thê ftgËFos r lndteate a ôf.Vis¿on tnte
throe parte, two of, wh!.ch eerrss5lorlfr ta the eaneetlsnË eS

rsd. Êínö v{o-let, whl}e the thlrê is ln the måååfe portlon

of the spøetruun whorcl gr6sn trey þB epaçld.erÊfl aa thu Ff*-
ðonlnerrt eensatlon stlnulateê.

fhêËç eä:ryÊs fully verify tha Þsåneåple :.

d,lscovered. by ÅLl.en, ths.t tho offect of fet,lgue, þy e

trlght' gtå.¡m1gÉ Ln gne ËSe, l,e trånsferreê to the other hg

e resi,tlroes'l sr reflex aet1on of fiç@ kånåo ree,uåËtng ån

an enhansonÉat of the phg*teløgåea} trBq{aosi.tE af Ëhs

ap*otra[ os]sre pereelveü hp the u¡rfatlguea Bge, EhÞy úåÊ*

f,er f,rom bie ln that Èbe enount of enhe.ucsnent ie gârler-

*Il.y loes, bef,ng eometlneË yery E}.åght Ðr e?sn ab*ent"eet
':

h,e bLae anð vlolet, tr thet Fert wblçh etin-peeLally in tl
üíe.tee ehíefly, the vlsLet geneatf.onn fhe weve lengths

ef, the equLltÞrfg¡e süLore a e apBroxlnately the sase a*

founô þy ¿Itea, bxoept for the ad,Èltionel seLors þetweeþ

.6ÊQp a,rrù .48tp, whlch e.Iso 6eTc vesy goofl oqui[tbrlun
€urv€Ë, The two eofnçlùfiree polats-, ,6+t aaå rå6pr el"#

e6re€ wel3- with b.is.
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w.lth the normal, as wå,s obtalneå for the reflex êtrrg€+

rn'steaiL, however, &s shown in $ig. lg, the eurys ls siu-
llar to the prevlous two, showlng even a greator onh.ance-

mant 1n red. ancl al.so a greater fatigua I,n the yellow anfl
grÊo¡r. ïhe two eolnald.enee points, o5ûp aneL .66p are
welL uarkeü.+ sbie surv6 'wå.s a3.so reBeatoû sn anothex
d.ay after having €eref,ully eheoked ths norna]. r &Ê¡ wa.Êf

alwayr êoae êvory ffew d.aye, lrhe resalte f,uS.ty verffleë
tbe fÍrst süEVor

She three fatlÊ¡æ €urÌ¡osr rLow ûeeertbeð
f,or &lfferent wa. e ì.enghte ef raô, 'shftv le,rgest ,enlrenee-

¡Eøate th reglone abanË ,?&u sr*,A .:S4p. enü gfestest fs,tl,-
gue ebent e4QH,. rn an etteuBt to Looate, if posafb!.en

en oqnålihrf.qn eol,or in the regåon ef .66ûÉ, wF.?Ê igr¿gth
.665rr was tråeð as a fatigutng co1o3, wtth the result
that beth çt¡.rveg ehowoô very $oorit eelnefücnee threugh-
out the entfre speotrnn, Ðs uhown by tue ðata ln [ab].e s,
,À åtetln€t ôiffaren€E ln the effeete of fatågue by .'66Ëp

t¡td. *6øftr eour.d. be nçtløoÈ on the roÈ enð of ths $p€sf,-
rum, tbe fsr¡uer aaaeång but åittLe qhanEp 1n elther e&t*
uratlon or apBarent brtghtness, whll.e the l"atter eansed

the reå ts **-:: 
,"o*no:":þ 

ress sarurarad bur Þråghrer.
It wee *f åstofaÞìt to åetenmLnç the çf,-

feet, of ÉatigutnË the e¡æ with a eol.or seleateð fröÉ
that part of, the spoetrrr¡n, whlab ËÉ.vçç Èhe aþnoffiåL eJ"-

eratlsn fs Ëþê re:fereaso 6qrvc. wave ie-n6th .ËBsx weg
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egleetÊè äËS a f,etf.gf1g sU{Te oÞÍafneå far it r tfie elre¡r-

aetes ef whi,çh le eht$n 1lr Fåg' L9. T¿the ttheg faâi.gue

orrryes fOr reð s eaegth euffs was phtalneð w!,thout en¡r

trase of arr årnegular çLçvat,lon þetwoeß .rä$p anå r6€Êtr

.Âs has'been sbeerveÈ, the Gugves f,or wave lengthe .åfl?p

errð ,6?sp both sf, whish are on the Êeme e[ðe af the eqni-

I{þrtu,sû elbar, t665p, erê vÊly plui,l.Ëri Þ9r tssr the

ourtee f,cr ,66ßF, enð ç6ÐGF, Þn tþe ot'her gtråe e-f t6êãF'

show e3pse rsgemþls,nege* W*,YË trengtblúS0p ehewg erû411çr

€$hä,aeëH€Bt ls tho reð, hut much La,tgøt fat{gue ån the

ËËÊÞhr fhg ûlsprepOrtlgnü.to[Y t ergs ey¡þa$eeneRt ûeeträ-

i,ng aþonÈ olËlÅ, as- *,I.Se ssfÉ¡.r6*'ts 1n ?he pgqgi€ÊåË ff6*

råteg, J.# e natloçaþle featnrçn Bhe sþesrçatlsns oa thå,e

pç|nt werÉ rep*ate& fsr nea¡r[y *.1X the reå fattpq eery€ø i

brrt trn evory $ess, thâ nÈw xleäðfn6-s coasåtgeÊ th* srågl-

nal*
flh,cn csB9p, tT¿a þrtghteet solor l's tbe

epeetrun, !F&õ eøBtoyefl to fatigue the é9€' e'nether su.r-
-¡pri.eåÞS Hç8I1LÊ wBs gþtaf.ned." .A,s shewl by tha *ate lg

'Sabl,s Ë, tho røaê.f.nge are elRÊÉt lflentå.*al. wlüb thsgE

Ésr tha n6rp&¡" sufirs, .fÊF þeåry Èbe enty Botnf to e31Ðw

Emy FsSrrec*,nþl,s vårlå,t[erra anê ?håe ln thç nature È e

ul,*ght süþ,Hrsê!f,6nt' Fer ths nrlterrnre¡re* ths 
'ffi,o9#e'

wê'v€ langthr5sqE 1e en eqldltbrJ-rl¡n coLtr, whe¡r Bea'sl¡'re-

genÊe €ff€ tBã,&Ë s¡e tbe f,attgUeå eye. trt nuü þs recal}e&,

that ðvsä the ref}s-s Éngy# for .ãS9pn Fåfil T, eolncåf,cA
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wtth the norï041, oxoept ån ths mldd,Le part of the Ëpeo-

trus frsst aboÈt r$Ep tO '6$p. fhe fatlgee equl3.lÞrturg

€olgr, soursspônüÍ.ng ts .66ËF sf the reftrex süffeørwaß

fowrÈ whoa 'ã?ÊF, 
wå,6 arulÏ.oyod. "å's sho$ffi' by the iløts in

yiv srRnå e.¡srsennerÌt exf-atg be ß8.1Sab}o 6n a vexiy gooû a¿gtreement exnøts þetsyeen the nerl

and most of tbo fatigne reailtnss.

Shç fatåg¡lË Guw'€Ë for ttave 3.engtbe .66W

eü* r$ä6p are qugtø pi.måãør, &s fihÊüm ln Sige. E0 anû ÊI..

SoÈh shew åIx orlhensenÉnt i'n tb* gxtr6mç, roê' fattgua ln

the yelLew, sr8,äg6 and orar¡ge-¡:eð, rery litt]"e chau6s ln

th6 gréElr! but eonslåoraþ}e ,gË-Ëiggq6 tn ths t'lqe" ln the

¡'g ûåEtf'nøü fet*vSsIøù thare ås m, ûtfferðlt&Ë, ÐsË *þw$.¡

ågrÀe r the othef eeå.Pe{ôepçê ersept fOr o sÌI,åght ênhË'Fee-

ment in the last PoLnt"

Såg. Bå Êh,oÌüs the curve for fattgne aoL-

pr |õEËF, wh,ieh, a}thct*gk not galte en eqelL[þrtqg s01-

rsts th&t a. sltghtly shorter otr longer Trav€

Length woul-û regult f.a streh" When ua,Ei.ng obser?atlong

f,Ðp the reflgfi eurços, al[ eolors betssþIl o6Ê0ts" enÔ

.48tp shswoÊ no ohangg fn tho pereietency ogfireo brrt

tyheÞ tbøsE se&g eolðrg lvêre eupÏ.eyoû ta +Þtatn fat*gue

ÊurgÐBf nçaË wËr€ fonnd. tO glro equltlbeÉ.u¡neffeate'

sige* Ê9, Ê4 sJlê &õ, show tþE sr¡ffT6É f,or the fattgue

eol.ors, .äLãP, .505p, and. o489p respeetiveLy. ¡{trl three

Fnryés e,r€ ssurewhet sÍ¡sl.larn showlng fatlgue to a

greater or Lgen üe83}€s ån all parÈs, exeept Xn the *x*

treþe rod anå ?lþlet'r Wü,ve lcggtþ rã$õF*'ho-wever,
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fndleates aLøE a f,atLgue of the extremê Yfôlet¡ *-{oessd*

tng to- the lntereâsti.ons of, the equ.al erÐa, eønsatiçn
I

6urvús sf KöìñXe eaå Ðf.etertel, thie portlon of the ËÞes*

tfrfm ls quLtø Êçs¡SL€x eÊ& i"t trs t,l$refore i not eterpris*

lng that al,most alX parts of tbe speotrun ehsalê show

fatigper 0n the sther lra:1{0 tþ.e }angest refJ.ex effects

l.n the. rfnf,atigeeå ÊYs wdrE¡ sbtaf.neð fOr the aonpere'tf.vety

SBre +e}Õr$, çre{ s{$ ylOletn whteh eg,eËsq FfeÊoæa[nelrtly

er;s Ëongetåon eeoh atß but slLgbtÏtr the ether twol $lnee

phl.te ],Í-ghtr. Ð.4û raoet sol"trß Wt{WçJ,ra*fng tbe three sen-

satåqpp to a ËÕ¡r*i.d-e#abãe *egroe, PãoüÐce coryarnùf.Velg

ËHå,}I, rçfles rsEnl,tsi *t i-n nEt erleÞrl'sing that tbe

abovs uentiOned açmplex reg¡Lon of the speetrun should

gtve øqnåtr lbr1up rÊf168 ßü,Fvss,¡

fþa ËståË*e eurçea f,er'wag¡a l.engthe

.{FÐp and r48Ële, $'ågo* ÊÊ and å1, show fetÍ,gne 1A 41.1"

partr sf tþç epeetrËn. tt¡e forüern exaept

ttgffi s.€Êo to a ¡a-neh m6rç ¡r¡¿*tkEü d,e-:6'ree+

s€ryf€& f¡rsn tb,eeg two e&rge$, and. e[eo f1leË .{ËQ¡r'tllat

greateat fatigne le shsgn ln that Pårt of the npeetrun

s0?r6spqnùång to the fatiguårç 6Ë:[orn WheR the d'ln vf.op

3,et, i{ï"sp, wøe oryl.s:Ygù, tþe. f,atigns wae onLy Ëví&ent

ln the l,eeg Þrlght pafte str ithe sT¡eetrr¡Þ¡ &S ehorvn lI3

såg. åR; It i.p Boeslble.¡ tbet ths eonsf,åerabls hrlght*

er r€gårn sf the speetgun¡, fron 16$Èr to e6ôþn raplå].y

Er Parsôns I Èi$sl$ì*r VlEf.snil 'Ë¡r ÈEÊ

tn
ït

the ex*

EåY þ8 sþ-
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ovsroÊ$s the Etate of fati8nç åue to tha û1m vloLet, ït
le elso ponslþLen Èhat the- eye wag unðsr pertåal d.ark*

nêss ed.aptatlon, ôue tr¡ tþ.ç comparatlve ûerkness of the'

epectrometer tnhe, lÞ thE sentro of whlah, the üin vfo-
lEt rvae f,fxated. for thrse ml.nuten out of øery foero $hle
le.tter poeeåhåLåty eeaas the nore probaÞle åæ vlew of
the ef,fect of, öar&nese aclaptfr,tion on the És,ü¡B eye r,vith

whloh the msaEnretsegrtgryÊr€ Bäåe¡ fhts ø€fs,Et ås shswrr

ln th,e next Gurre

Before ta,kln6 en¡r reaütnge f,or the

Éatl.#Êle çqrvs fsr da.r&$eÉsr as få may'be ea.Ll-eå, slnce

the reeTil,te are El.må[ar to fatå,guof- thÊ rlehe sys riFeË

þt åaåfpld.så fËr eþer¿È *ne hcnnr, Reeðlogn uv"fd"Ë#'d$ä"'
the *peçîrü,*¡ stiXl in thç €.ay}"lght 16ê& by sacovering
the egø for the beåef per[oå of æbeat thtrtSr sÈco$ÉË

shlcb wås riþEntrçê to mahe tbe sÌ¡rsnçgrapbt.e reeorè,

sfhtle r¡neoverlrl€ thø oye en4 pt"acing it in the shiel,it

attaeheê ts the epectroneter e¡replece, ce,re wae tn.ken

to prevent arry flayllght fro¡q enterång tbe Êg€r -'.: - -,-:

*,*È.äaugn th* Ð.ppÊer&ne€ ef the epeutrue to the åarå a6-

apteð sye wfr.s eneh aç to su^g6os* e¡r ånerease in tbe

hrl,ghtnsersf f€t the tr*e eff,eet mrsù þa J*egen, -oy the

aetuaL &se,fftrtenÈente obËsånoô. Shese ilsêsqfsnents, as

nf,otteg. ån fitlg" Ê,9, elea ly show tket the af,Ëest af
ûarkpese a*aptaÈiçn *.s to lsmr the plqfLøåeåegåeel

lr¡mlnosity of the s¡leetr¡¡ne, a faet, rshleh wae poi.nted
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otut by .å.Llen"over tnenty yeãr$ åffir fhs effeet; &B oþ*

taf.nad, Þy the wrÍter,, åe not ÐF.rk€ü ån the mrst trE4Ln*

eue part çf, the slleqt.¡n¡e, Ehie uay be eaused by the rapf.å

ã,leappearaneë of the Ef,f,eeËs sf flarheee aðaptatlon ln
the Broee$eå sf tho eomparatfvolp hrigåt epeetrar eol"ors,

rrÞËë whleh the meaeãrener$Ê wÊre betng mp,åel f,or 1t hae

atr.rea&g þeen peÍnteå ort, that the arithorts €Ire ås guch

.&ere sonsttåve the& nçrmal, ts a li.ght etå¡nnlue*

So oþSaÍn a f,atågue ourv'e for whÍeh whlte

Xlghtr tï¿e sgre rras fatlgue& þy e nÉd.eråtçff hsleht tr{gbt,

trans*åtteü. ËhroÊSþ å epeatroryter wlth *he prl.ngs, re-
mgr€ð, &Ë was the eå.se for the refle:r cïrrÍÊ, À vef,y

. j'

hril.If.ent llgfit maåa Í,t aLnoet, lxcpoesJ.hle Èa'ge$ Gorlr"

gåstent renèin8s þeca¿rse of tke vÍ;vtr4 af,tçr i,mags pro*

ðused.. Fhe reaèlngs from whieh &lg, äû wae plotteü.,
:

showaå" howÈvern good[ agtraemont* ghË ebaracter of thlr
l

eurve ie i.ntsrestlng 1n the re3"atlen which tt beare to
aXï. the othøsfatlgsø e*ryês, Shie enrv6 Ísr reaLLgr the

sçmbånað €ffsst of the nain typee of fË,tiguê eurrre$nfor

It reveale e large fati.grre i,n tl¡e yellowr gr6en, bl.ue

e,nd. tfo¡"at üulprs, &B 1e alsq Ehom to a greater ff
Iess extent þy nearly alt the fattgue üurv{qÊ, but ehows

.3'tttÏç ür nû, fatågue ån the reð ard. sf the speetrlrmn a

res,u,Lt whLch ts aþorrt the a?erage effect for alL th€

f,atigne colors. fhe data f,or tho two eürvÊs Es white

9. $þ,F,g" Rer' It, sn ËôË¡ lS0S.



B8

ili.Sht e¡aå derkns*e &.ts glvçn J,a Sabla 8.

å genera.l, surs€F of all the f,atigue

û&ryËË, ex*ept thoee for cqu[].åbrå*¡a c.olers, rereel.ln

thrpe feirly d.lstln*t t¡r¡res, whiah changa morÊ os less

graüuaåty from ane type to the sthe*' Bhen the fetl6n*

ing eotror ås aUp }me of treê, tþEre le alwayñ &rr onhanoe*

ment 1n ths axtreue FeÈ aïr¿ ore,sge-Fse" tho a,mount of

wþ{ee Ss less for the fatåguø cetr+r¡ r6,#tp than f,er

thoee af longetr trÐ,rre Lengthr She &epreesi.on ln the

þrå.ghtnesg Ðf Èhc EÊåqn regfun +f the epÊEtrrlg Ån *

ÊreaÊøÊ ln affi.slrnt w$.th a åeeËsaee J'rr the wavo lengÉh

*f the rød. fatåËIråFg øe[sr, wbù[e the çåo!.st enå shgw6

a}w*.yæ e *i*tlnet tsrye¡'fry ef the pÞFgå.sfo€les,ï LnHå-s'"

osåtp* Fbs s,qui.lLþtÉ,um oarv*s for yeäï,ow fattgu.årç

eelsgs *oparate tha reË tYPa freü tþë gre€nr er ës*0É*

type+ I'atåguln6 wlth g::::::::::::::::f9ÐB glvOn Afr epl¡aneemeAt åg

the red, th€ anegnt of, whi,ch tlaercases e$ the fattgue

eoJ.or nov€Ë towarü^e the bl'ne, the blno ehowlng }åtËle

or ïlF sffee,t sn the longer rEû ï$evðs'å en the Þrtlngo*

reû the effect le a lounrtng of the brlghtnêset; the

amount of whf,eb l$GrsÐsee îstth a ðecrease ln the $ave

f,r Sreen fattgue GErrÐsS.ength of the fatlgue aqle:

aLÊ+ shew a ü.$Þree*l-sn ln the Þrlght¡tçsg qf the green*

þIue anè vlslet eolore, th-e @ðiånü *Ë whl.eh tnergg'sfi$

ae the fattgue ooXer beeoffie Rore bLt'e.

í$þE seeor¡ð tãpe ehengee ggeåaally

threugh Èhe fatåÊilË ÊêËVss for bl,us to tbe thårú" tFF6r
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wbfch le for vtolet fatlgrrång colors. fhe transftlon
$îlrvËs in the blns sþow þlrt trittle fatlgne,or enhanc6-

ment for the extremE red. sr vf cl"et r årld. ar¡ increaelng
fatlgne ln the brighter oolors, The viol,et cnrvss glve
a d.epreeelon in l-umfnoe*ty throughout ths entire ËBect-

r*l the anount of wbfsh ð€ereafles, as the fatigulng ool-
or epproaahss -the extrøns enê of, the speetnrm, rrnt13. for

'.4LQp the bråghÈer part *f the streetrpn ebswe no change"
,¡he reüuceå ourves et the bottour of tho

fÈsgree shsw e teËd.Eney tÕ d.ivåðe, 1r¡ Bmüt e&s€sr lnts
three regåons, whl"aþ ere not regnxar einough år¿ axå ?he

Elrrvås to say Êhat they f,nÕåçate arways Ébe È&ree fu¡rü*
eæntg,r BengaÈåone, reå.f ËF6€n a¡:Ë tr.åglot,r $he ertst,.
snes of these three fi¡nd"e,nental, sesnatlonÞ ls tnd.lsated.

msre BartleularLy by tbe netural. dLf-v:i"Êloa Ef thç &are€s

lnts the ttrree mst n typen as alreed.y d.eeeribeù.

r1
EËEO&&ß I ÉÄe gOHË rSFßÅrT Û$¡..S

Sho eqrgrånente,l reeuLte, whloh have new

þeen coåsååergêi frlll.V reråfy ÁL].enre å.leaotery of tho

ðual. astf.øn of X,f.ght f.n erogslng vÈenaå eensætlo$s. Atr-

though tho sharneter of, nan¡r sf ths cuflres, glvðn ån

tbls prrler, ðiffer Eeneld,erabl.y from hle, yet they erear-
Ly æhow that, ån ad.ü,*tien to the Õtreat eff,eet of,'rlght,
whåeh teaðs ts prðårrea fa,tigue, tåorø f.e aLso a ref,Lex

effeet, reeul.tång trn a¡r snþeseeütsht uf the *lund"e,monte$"
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, ,rt'ÊÊ$êe.t'ionsr' several Ef the ref,lex Ëtlrìrês å16 vertrr Ëlpt¡
rar to 41Lønre ebowång that, when a x.åght etfunulue fæll.s
upon onÉ sjrq o the 'sçnsorJr ref,le!Ë is tra.nsfçmed. to the
pthør eaunlng an enþÐrceãept of axl tägee seneatÍ.gns*

üertaLn eeïÊne, whåelr .a c ter&eå equlråbr.f"ure eoxore, ås-
pørentls prsÊuce ng Effeet ir¿ tþs p$Feåo3-ogåea!. Þrlght-
¡tÊss sf tþe eelsrs pereeåveê þy ths ugfåtl,gxreê eperwhlle
feùlgaa b-g etll"t üiffersnt wÊ.?€ lengshs, enhø¡rees qnly

the red. euð grean Eensattroue Ln tbe oppçsf"ta €ys anü not
the vÅplst. she vl.oå.ot senee,tlons i.n thÊ $ri.terre eyg

t€eã$ the äeast seneåtf.vo ts stlmu,Lat*,qst þF e s€r,rsârs fE-
rrax' *ar¿srsni:-J:ïî;i: 

ï-.i;ff-*o** rhe ðåtr.,

åct of,fest of a cox,cr etfnulue wae to caus6 a dLgfnu--
tÈqn ln the pb¡ru-loxogLenl, þråghtaaeE of the eelore¡oor*
reopondlng ta thE pråEary eçlçr gensatLoa$ repfeeøRteð

Xn the f,atLËÈlnå ooJ.o , and, that the ref}s effeet wae

ts Etrhe,äee the. Þrlghtness Qf thpeç ealore shieh stÍ,w-
[ate chflef,åy thê sqmplanontery ssnsattonæ,

$he na$erfty ef tþe au,thsnra fatÈgue

eu,rve6f howeyerr Ð,tr€ q$lte åifferønt f,ron thaße obtaf.neå

þp .åtlen+ Whes roü pf e¡lg we?€ Ï.engthn exeoSrt .66Sp,

wee oryloyBê as the fatåguf"nË e+lotrn t&e recul,t waE nst
+ ðå¡qt*n$.tåen ln the brlghtaess o-f Ëhø reün eþsaryeù f.n

ths ðther apeetrÞÐeter* and a €oprÊs$Ìon&i.,ng eßhenee*

nsnt ef thsse eol,ers represonttng preê*¡etne^ntþ the
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gFÊéfr ang vfüeet æçnsatåone" rneteaû.,, th". red. sensatigu
wes astua1rtr enhenapê, the vrolet fatigueå, end, -the grÐen

l1tt1e effçateå, eseept by the ehorter ysd wavee wålsh
fati$aeü f.t, stJ.¡ruï.a,t$an wtth gr*srl shsum fatLgue ån. the
grssn e¡rd, viçLeù anå enhÐ,açement 1n the reð, b-r¿t vlglet
however fatiguen üorô or l.ese al.L three ssnsatlons.

Âl.thougb these resuLts are not of the
Bffffiaå type, ¡rnt $"ü tB evååênù That tha eoaeluelong d.ra¡r-n

fr+m ,ålïCIale resçapehoe êo not gåve a ponaplete etatemeffi
of the åireat and r.efrex sttxnþ,tton of the funûgssngsl
çeloc eensaÈf.çns E¡hen r.åght fe,Llg upon ilre retinår À

ftoãê c*np$ehangåvg gtetenn+rat, wlrl.eb ls beged on the rê-
sultç ehonm by the eur?Ðs in thl,e påper, nay be flKprÊs-
eed as f,otrlows¡-

hJtght €f :6"esy buE faåIlag upon tþs r'@*

tån.m *ffeetn el,L tkr*e egaÊati"ons hoth ütrreotly e.nd. re-
frexþ' fi'or :exæmpre, & 6rgen ïåeht etåeuratee þy d,r.r*
Est agÈlon ell" thres gsnsatåo$.s" hat FroðonlnÈntl"y thø
grÈen, ärrd, þy ref3,es astågs ax.ea t,hs three sensetfonen
ÞTxt Þreaoulaantly th€ red. end, yLoLet. ïbe êi,rçet offeat
alwa.y'u tenåe SÊ preü"Eea fstlÊlre. arfl lhe roflex, en_

kansenent' rn ¡mrmaL vf.oren E¡rf,es erdåna,ry eoaåltf"ons,
lf $e agaXn take grË€R ae tåe faÍlgXrång csl.sr, the ðÍ.tr_

eEt eff,eg* oà ths grsÊr*,ÉsaËaÈåen cverbale,nseË the tre-
flex a,EtåEn es the sane ,eeag*tiran ¡çsr¡_lttqg ln a $at*
ågeç af the grË€çn eengatfoæi saf, the ref,l.ex effeet on
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the eçmpJ.onentsry eonsat'ioner rÈ& enð vLolet r ovorbaL-

sie€EË thE d.årest effect en tha ss,äe Þa$eations' tbns pra-

êuclng enhå,nsepsnt of, the co¡Op}eægf,,ørl eeneatleper ç*båIe

lel.eted bY the gq€en l'lght"thethe eyø is stlLL belPg etlu

ðlreçt Effsct uEuel,ly preðqnånateg +rsP tbE neflsx, the

net result bel,rrg a eajIleat'fgn ef gfÊeÏr with an r¡gd.erxyf'n6

whítegess, wbf,eþ å$ereoees wlth fatlgee. Esu¡eger, usåer

sortal.n egnê,åtåons" enâ eepeeåally åa sasoe of, abnernal

vl.slon, th€ eþtvs i-e nOt al.w*¡nr tbc set s€äEÏt of dLreet'

ar¿ù refl.ex ntl6.Lat{o¡r +f :the EenfietiOnts I Ûhe ðflsøugÉl'Ðn

of, thls ¡¡oint, boweYêtr, wili. þe postpeneå rl¡rùiL aftgr

the aï¡,thêr-ts t¡fpe of abnof,naaX go1ç'r v*'såç.rl has been eqn-

slÈereü:
H;eI,ÈsLtø eugge*teü the't sres+f råtr

xn the elteËtffi&. effeot.e,* e*eÏ* ef *he threa een*atfenet

F8å'lgf6sr¿enü.þ'l.rrer..&Þagïr'å¡rrgforr{'EðtpHå}¡üEø}'?a|É

pugsestts'¿ ÉtateuTe'rg Ffe1ÉÈLüør * ååag,r&tro prBl4rwere

goËreetr ÊI3s eolEur wqB[å asv-çË PtliEdsts Ð8e s6sËatls4

by iteEtf* ae lt tr$" hçweve'r, the red stf.EuLatee seltr

reå sEneetíBæ *n one pert of the spoçtsqgi, whlløt the

çigl.et ståffirl;.ates þcth the refl. anå the Þtr"ue, eså neÊ ühe

grfrÈa sÊaÊatisns,* å. ggsç31 eolOr etårat¡Letes nst Cnttr the

grs€n e*nsation, bnt lt stlnmrLatos the reð and. blue as

rsEll., es 1s shown ån tlel,pho+ts,te 4,lagraFr shE tæiehrË-

natfetheor¡rrBgnf,reetht.stgþethE0&F6+flsho€spêÍl'l
xoenÈal reen],Èç given l"n tbgç peF€r shorx that Hsluholtp

lcn trsassarcbee f.n 0s1*r lflsf,en" SrãS0
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lreË right ån bls assunptåsns, altbongh ua&rv&tre that the

tlwoe filnêqmenËal eelor genaaffsna are ett.rsü,l.ated. ss-

*l.esï,;r ae welL as d"J.reotly by evëÍy hrla. .,{bney faf leð

to d.eteçt the d.uq,! natrlrE of the aetfon of llght up6u

Èhe retina,u Paftl¡f no Èeubtn beoauøe of tbe negatlve ef*
fest af d^aukncee ad.optatLon, anü partl.y bocause naany of
hle obeErvetlone werâ based oa the aseulryrËton that tr"fght

faltf.gg u,Ë¡sn Ðn6 6ãre ba,q no Ef,f,ect upon thø other, & ûen*

elnslss wh*ab *hese researeþee shçw tç be lncsrreet,

Fqsfff.nff ordänar¡r rqsel anû ear{, tsets fer eslor Éef,tel*

e$.çy, Rotr has he, at any ti.Hs o experi.eneef, any pheneur

BSe apeilt frpu tt¿ass experÈtnents to åadÍ.oate that, ht e

si,ßf,ea Í.s *n ætg way,aÞncrnqt. $I"1ght pteeoh*sÍ,.sm ån

ðr6sÊs¡l¡É Èäfl be

shs€rrë*r ôîëF wben ùe offeeÈ' *,6 teê weaE ts be åetest*
gS by *$ lnar¡y as ene qÊã,rter çf a cLsegn Shøne le alËe

ao, shortani,ag CIf ths epcçtlüiln s,t Ei.thor euê, e.ff qoß-

par*å with tboee whoEs +ol.er vtEÍen 1e unðþrüteêþ Ëêr*

B&1r H-ewåysrr e eemllarånon of thg aatbarte normal Bsr*

uleteeey oufl¡e, anô. espeelalS.y hls f,at*"gue eurYssrwltb

thosç obtaåIrod by Allsn* ind,l.satee tbat an aþnsrmaS.tty

af eome sort csrtetnl.y' gxl.gts* ål¡.esrs-grtrvos he,rre

bean fr¡Lïy cpnf,lrrnefl þy H. s¡ Eolï-esþ"rål whE not only

obtatneû tho ËexqÊ nçrmal elrrrr€, hut al.sç tl¡e se&e typ+

ef, ref,lex anit fatlgae cu.rves. tsheJ"r resîrl.tÊ a.plüear
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ÈÞereferø' as thpee of sbsarvers whoee çol"or vûeLon la

ln every way normal.

A' gÊ,Wleflsen gf, ths ar¿thorrs pomaL etttrTø '

rvltb that of ,{ãtan, I'f.g'Ê, ehowE tb;at tho greatest d"avl-

etåsn åe ås the green andl yøLlow, or that part rryhåeh
I

êqfiFsËpsn{ñ.Ë pref,ontnantly to the green Êçasa,tf=oa, and.
:

Èhê X,6eËt ûç,partt¡,r€ fron the nør#Ðal t'ype ls the Êrs,ags

8.nè A#&¡igc*fÊðr frEu çãffi to r€6F' Àn ssamånatl-Ðn of the,

Epneatf,on eËFres ef Xdå[g p.nû Þleterfef]Ê ehswe tbat t-he

green $ansn.?lsEa faåls ts F&F- tn th{s reglea" ÅLtbèegþ,

l'n fÉght sf the FråncåÞI.s ef refÏ,ex Efåm¡Xattep of s€F.Ë'

atlons, all tlrree sansatlotrt turvos shoultl esteRd. te ths

â¡rê* ef th€, visthle rpoetruær F6t t-h¿ aþs¡re nentf.oneê

euryËË ere r¿Ê éeøÞt sÊrreet ån l,a*å*at*pg thatr Ë,t leaEt*

the ,ülreat stinnLatåop of Ëresn beyonð .86Tl ta verg

ema ln ths elsvation in tbe a¡rthstrtË npnnal cu.rfs be-

tween r69F anå r66p weql.d" ÊppÉeär therefææe" tö ba årr*

Èo a åevletion of, the gro€n s€neätåsn su,rv6o rather

çhÈ¡l the ge&, frse tlraË ef, tb€ gûnrqe[ -t¡rue. It s€emg

prebable that, if tþe writs¡rrs sensaÈXon Êwes lûsre

fi.ËtEEnå¡1e* â,r¡& nÞtÈs$ ** eqnaå åFÊa er11veç after thg

ma,nnsr ef thoee of Ëånåe anê Þleteri.ei, tho gr8€ï1 sen-

eatloa cu¡rvô wouXð be f,oand. to ebow a d.epressloa, ås

oo.rupaee# wf.th èhe serüÐå tp3¡e," fsr the regåon between

11¡ In proe,eee of Fuþ' in-*I.0¿$.i' 8¿^F.ÊnIr8¡19È4
LB. fersgÊs* *Ëo3.g,T&r YåsåoE" P. BÈê¡
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c6{¡r anfl .ö6p, aÊf, a eorres}tûnôlng elevatloa throngbout

tbe yollow anû gre€n perte of the speotrun.

It ie well hnswn that there are lnåJ.vi.å*

eals, wbo ebslr no so3.or ðef,iêåoäey whatovøTt brrt wheola

me.tehl,n6 a opectæal color, b-.y twå ml,xeå çaLorer ååffer
ån tbo$.r eqv.atÍ-on frøæ that ef the norun$,r Fer øxqlnl¡Le,

rrhs*l uakång the egaetåoa. *É?9l +.F6$n * ,åÉ$pl ess6 14-

qnlre üofe geð aäå gtbore þerg grts€ã than ths spr$ele ,, : '

ïhose requirlng ilsre reô are camorrl.y ea1.lofl red. ansu-
:. ::,: ,: . ,..: ::

al,åçs, ffið thoee.requ*rÍ.ng ü¡orð 6feên, gFeen e.î,rËme,1l.so. Ir ' :

trd.rtÊ.ge-Êtrogn ttatee|ã r'fhåns â,rs also Èhsse who wi.ll , i

neka nermaf eguatåeue whe,& thç reü omployef, l.s N$?ÈrÞat :

ed of lergor
wevå lengthr &s fer f.nstëncs À69S, Br*ttng ln t$1ce ac

uuEh red, in the míxtura eo*parod. wlth tbe ssrüaÏ" aqua-

tion i.n slmllac elrcnnetanseÊs* ït ts qutte êorlÊofur*
:

ahle that an inðlvlduat, who le not coLsr ôefLa1entfmÊ,y

not only åiËrse wÍ.Èh tho nor,.nel ta the egnatåon, :-' ,-
i:..:. : . .:: :

.61ry,f .SE{n ; .Ë8ffË, þ$t å}ss wfth a fes o*heq fiql*a- , , :

tl,ô,tls, eæ4 yet &1Éfer f*om tbç åsüÉsl wlren gtåX"å ül-ffer* 'll ' "' "

snt weve lengthe ore employed". $u.eh tndlvfüuale nnEt þe

elaesed. ae ansmalsne trlsllvona.te.'
:.

åe 'the rceEl*e og tho øxperåEeenüs,$[veÞ l.., :

ån thts Fe¡lÉr, wÊrÐ stud.laf, &orÊ eloeet"y å.t baeaøE üor€

oonvlneing that thelr abnornlal aharaçters nust be ûse

to anogglous trlchro¡satism. It therefore Þeea4ne

l,ã. rPh¡rsåelogy ef YÈeisnn p. ÊÊã.
,, .. .. ..t.
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d.esirable to Èest the airthorrs coror vlsåen by meane of
cçLsr equatí oïrs+

Ëhe apperat*s usðd vvas iilLenf s trrchro- 
:

mætic spootromete.rla ån w¡treh t¡ra eslors cæ¡r -ne lsoLateå . .,,,,
aad. rnlseð fn the upper pert of. thp ebutter sr&Þå+e,e, and.

e eimg.l.e color la the Lasçr ¡rart * Fash çf thE tftrsE eol_
ors îsêre sI¡taåneil from Èhe spparatø spectre of three aa* . .. :

etyS.ene fla,nss of esrrstant ]dnlno*lty' fhe lntenetÈy of ,' ,' ,

æ sÐx"ol wag alt€rad by opeaån$,or elo-eång. the ç*l"Llgator i,i,,,:,,'

slÍ.t.
Blre flrst equaticn attenpteê îvas

rê?op +,Bg& E *s$Ð¡r, bnt t¡r tirÍ.e tþe +ï¡.thor *gree* wtth
the nermaï eqlrat&+n p.s ubtaÌ,ned by ¿\l1ffir å,råå üthers. It
wåtl" 'ire notj.sed by refsrenee to the norraL aurve, rrg a,
that thsee three weve tenghts ara $êtgíËe ef.thc wrltsrrs :

partlcuLar aþn'ltrme} regíon, ,Sgp to .66p. She reå was

thenchanged'to¡¿1.ongerHe.#,e1.eng.th..6sÛprbat.egw*'n'

the d.iffererree was not uuff,J.oåent to say that ffi., åGteal, :,,;,,,1:,,

n

cl{,ea#reenaent *xåsteË+ l[hç gnme wae tauç wb€il a ]*n6er ,,,.,.

weve l..+ngtlr of rråÊp, wae ueeü s.asteaÈ of .690Ë, fhe n+xt
step was Ès seLeat e wåv€ ren6*b frem tlre abn+psqs]. rËg*
åono .,ä9p to .66p, €,# one of the tlree, eox.ore. flbe first
eguntåon nad,e æas .-Ê?-0p+ r6ã5p * r6FOp" In fhfe üegsr

whm the rosÈsþ was l€rfeeÈ fsr th# s,ovrs*I" âs€* ls ap*
peared,È'f.gtl.nct1ytoogo'lI'mrtoîþegrÈtÈ&*'egtþe..êffi*

:

ourrt of ggo*n }¡ad ùo þe d,eeroaeed, ?o dgé a goe* ¡ueteho

L4. J.0*$.,ê.&l{,$.I¡ g*p* ¡Lgå4i
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flhen the red. wae ahanged. to .6SOF å,nd. .ltqr tk& sanne re-
sîrtts wsrÊ obtalned..

ifaye lengt}æ .65tp a,ffeots ehief,ly the red.

anðgreensçn'8ationg¡anùsånogæ1egsæmdrrntof6reea,or

a greator anouat of, rod., 1s reqrd,reû tfts.n nsnqal ts ne,toh ì:i: :: .

!650F, thçn it 1s øvlrlent, thË,t etther thÉ gaÊen s€äËa-

tíon Le aomparatively lcss stimulated", or th,E r@ usré:.

etlmulstç& tÏæn nsræl. by øol.ore betwEsn .6Sp anå ,66A"

A eomparåeæ of the wrttef r$ norüR.I, pereåstønqs çurv€ wttl¡ 
,.,,,., ¡,,,.

thå,t of a nornal. tråelrromp.t, â.s hae'alrba{y }reerr polnted. ::::'

out, ¡reul.ô lnrtlsate that tho aþnetue,lty- Ís ûus to an üv6r
r

eønsåti,ysaÐs of ,bhe gsg'eg egnçatåen tn ¡reye lengÈhs ef 
i

tho yalLow and SrsÊn regåone of tbÐ .speotruno and. an

unds-r gengltlvslres$ of, 'the ßËüt€ eerrpatf.on to ryeve Tengt?w 1

between .59p anil r66F. In thls respeet, therefore, tJro

authou fe'a,a :â¡s,oÐÐ.Lous tr{*hromat, b$.ù sqrsqrüång to the 
i

genoraS. üibttnetson betwsffi ggeËa anril ssä'en¡ÐHå,lf os ho

wouLù bg slâ€eeû. e# a red. anornaL¡rn øl.il,oe ire pÊer¿l,reç 
;,,,,',,i.,.,,,

É$f;* ne6' in *o".:T"":i.::.-:ï:_,*T-:::8s1* ',r i,,,,,

'å,r*ûna}oue trlcbro¡ratåeÊ, ffi& la f*st ßüli' ::;' ':

or vlslon in any Xrhase o cann'bt be stud.åçd. fui.ly unless

both thç ðirest anù refl"ep actl+n of s Llgþt etfmrrLr¡Ë ün

thc rotLna be te,ken lnto ctïtËl"deratLonr Hgretsfûref only ¡' , ,'

tbe ü,irect cffest of tfght was co¡rstrdored., a¡cd. that not

general1y to the enstent that every râ.y effeets, bo å,

greatar or legs egtent, s.11 thpne eansætiol¡s. *{a ind.t-

vlðlral. nay be not only anoma}ous in respact of the , ,,
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¿ltreet sf,f,aet of, t lght, bnt alse anemeLo*s åa tlre åey+'*
opnnent of, hls reflex eenestíorrs+ fhe ].*ttê] ph,_eee is
proha,bLy m'st easlLy detected afÊer prel*?r6ed stimulati.on,
sfnço the refLex eensstton, whi,eh ilsey" bç set up in Ê TeFy
sma]"l. fractl.on ef a seeond., inereggee with ccr¡tim¿e*
sttnuLatl on,

i{båre f,atrguing the eye wåth a brJ.Lrrant
glreen llght it was sbserved. that, åt ttne srd. of about
Ês e$csadsr the Lfght bøgaa ta ror*¡E lte grçÊä aolor snd
to €8ÊlIã1Þ a Srurpto tlnge, wlrf ah lnetreaeed tn satuäatlon
fsr arother åõ seoor¡d.s , eþ th,E eÆ. of wäloh the col_or
apBea.:red BotrÊ purÞLe thsn gFfôðrl¡ the pr.r4lÌ"e then fffeê,-
uæ"lly ðesreaeed, untiL st t,lte emd of a-boîrt g0 secands it
a6e.f,n eppearecr. a d.ulr grs€n of mush reducsd, írrteneity
enü' s*tär*.ti.on* Å elmåla,r effest wes abserveÉ whpn fat*

Irryfngwlth a strong wlrrte llght. fhE whåte light be-
ßemê d.Ístinetly pånk, whlch gre'åuatly tngreaseü for a
sharù ttme e¿ßð thon etowã.5r d.lsaFpaarsd" as the fatígtre
reacheil a Baxl¡nulo* Eowevern when irslng a brll"Líent rad.
Iåght no tinge of green sor¡rtr. be obeeryed erthû*.gh êt
flrrst J.t wae expecte*. ffnese obeervr,tl.ons ma¡r be read.*
llf sffirlaåne4 eee f+LlcwÈ¡

$.n examåe*tf,oin ef Èhç fatågrl$ survs# #hÊwË

that the authorf s viotet sensation ås easfl;r fatågued.
by nearry alx btres to e greater on l,ees extent. sFQm

the rçfl,sx c*ryÊs, lt meE axso be seçn tlüÌ,t vrsleü
Bereef.ve* hg Èha st-hge ëyq, åE noü wr&e&t¡r çf,hanseå by
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s. treeÊfefreû gçfIäis stlsrÈlatf oa, €xc€pt whan the f,atl*

Ërr{.ä6 srl.ar is near eLther end. of Èhe epe+trî*Fç lt there*

fsre epp6a,rs, Èh&t wlth prolonge* stf.mr¡.latlonþ the net

reeuLt of tis &l,reet end. ref,X.ox e,etåon sf ths ålffersnt
huso lrpou, Èhe vlsLçt egnsë,t1on ts nearly alwe,ye fa favsr

cf fatågue. Satlgre rüffeË nhow' t¿rs,t the &.?Êå$ sBI36å*

tlgs ås *.les fatfgued by raost huesn but the f*tf.gu.€rsÉ.,

eapt þ¡l, a faw eolorn* le not marheü,r .freftes sqfrsÉr on

thß etþer þffi{f,, shðw" exøeBt fÕr equil.lþg flI Ê*å6-rs}

fsirly üåsÈlaat enhenqsmsnte" Sh* reð egnsat$o;r, hryw*.

ov#ro Èe ?êgy &åfftçr¿nt to fatf.gue aså sbsø* f*flgtrø

e43tr ån tlæ Wtresuç Eeð ard only tryhsüx tåre fati,g-tlf,ng 6 oþ

or has s, w&ve leagth of- ç480p or lsss' Âecort!ång to

tåç sçgËs.tlon ÊHs?€É of Käâ1g anð ÐXatsrfes, the ra& ðeF

entåon Gqgve termtnates eü abor¿t r4BÊË" ît hr*s slre€,ü-Sr

hoen polaÊça out titaê tbs experimental evåd.ênË€ gÈven

ln tht$ pâ,Í)sr, woutrå lnåta&.te that t&s reð eensatlsa

êllg-ys reaì.}"y egåe.Éås te 'l¡he viel"et enü of tlæ spegtr$g,

*.e E#Rörrs eurysð slinwïË Howutøtrn tb,e st¡rlss of, 6fui'g

sriå Br.etarlal uay þs tn&qe as rhow$.ltgr theÈ the d.trreeÈ

st*ænfatlen cf, thË xêÊ eoflwtåßn þy YrÊI¡tÊ i.engühe longer

thalr "46tF. É.s aÊ Ïæet ?erðr smaItr. If tÞ fat'ågui.r6:

aslor ls æy hue of red. or ëfs€nr exeept oqafl"tbr*um

so}ore, thç fatågus c1rtres E}¡ow ?åat the offpst of P;:o*

l*ngef, etff*ulæùfor¡ l'Ë en enhnneeæent ðS tÏÉ rg*"

[$" Fe,rssnsr SeLouP Tåsåog ' Ê8ff¡
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Ésv¡s*tf rB,, 4Ue *G the gafles eetåon averbal*ncf"a6 the
d'lrect" fbe refres ourvêg ar.so Ehow tJret the red, s€Írg&,-
tåsa le fa mere su*oeptåble to reflex stleulatlon than
the othår gg'Ëatione. rt muet be re¡Êenbered." of courËs*
tflst the orpor$.mentat reeul.tË wsre sbtafaed. by renevår€
the efê, dter strong etrnïrletr.srt for Èhreç unrnutee, tE
& l,ese lntcnee speetrun rrFon wh{.oh the ¡ueasutre¡nents fi*rs
macle. lfherefore, when a brtght whlte trÊht is ff.xateit by
tÏ¿e alrthor rs e¡Þ for abçut gfr eeaonds rt ,.eËE,är&€,s a plnk
tLnge d.us to the Etrsng enÏraræeraent of the red. sensatlon
by refl.g& Bgtåeno iïÍ,tb 3.ønger flxa,Êåsn tþ dfu ect eff,Éût
srertakçs tho rafteæ s.nd. f,atigue ï)E€*Õplnetesn veiî;h w*#gi'ïi;
pÍrrk tångø ål,eaBpeerø l.eaving ¡r whüte sf a nu.Eh rEåu*ed"

tnteüeity* ËÈxråler},yn wben a brit.L*,a$t Bqesn çotør ls
flmted", ths reslsLn sniraness.eut of tfue rørt sensatlon,
whi-oh i* ths sonsfi.tåon Fred,oaf.nantþ otå:auLat6d, by the re*
flex astlon of gtresnr outgrows the grsen sensåtionrwhleh
Lu be{,¡rg fetågÞeå bå¡ d"lrart stlffix}atåonn thue re*ulttng
Í,n 6i.trång thÊ ççLçr a purBl$-eh tl,nge+ T;ong:er fs:retton
agaln reeuLts in favor of the d.lreaü aetJ.on sn the green
äed the *o1sf ¿ppeårs e gre$n of a urreh reðr¡eed. Ir¡fftne-
slty ar¡f, xaturatLo$* Hæever, when f,ixatiag î¿pon e,

br[ltlant refl color.. tlre authorf e red sensati.on i& sû

d.tfffoult t* fatlgl*eo anû. so sensl,tlve to enhaneenent by
ref,trcs aetåon, 1;hat the reflê€ Êgeén rì*Têr outgËOwe the
treel, ar¿ü thoreforei äo ËreÐn tlnge wes €ver obserl,ed. when
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fettguing wlth tred..

Ålthtrrgh angmalotrs telchro_aatlsm Heï¡ åIr

part,o be ogplalnecl ae itu.e to e shl"ft of snê uf the E*ng*

atloa Êurv6s, l@t tlre' erryerl"¡nem.tatr çvÍd.-ease ðiven 1¿ thle
I¡epB¡r sho&l8 thã,t rr rßore aompre-henøi.ve +xp]"*laatåon åe Þoe*.

síbl"e* ãån,ae d.ineet stimu.Lati+a of ü:r.E rçËfna fæ æLwaye

s,6sûBI)B,nÍ.*d, by a sensory ref].@; thnn ar,qy *baormæl ëçve-

le¡went of trre rsf,r.ex stl,muretl,an Bffilst proÈuee e,t Lsaet

ensËelaus resuxùe tn eû1sr rrlslq$,, ïe.. gonerel¡therefotre,

as,pÞaïolr* trf.chsomatåsm is *r¿e ,t+ a$ s.bncmal ratto of
the ål.reEt såj"!ffirlatlnyr af the sonËettorr,s ÈCI Èbelr ya*

fLex enhår¡cenent* ði:rcs this ratlo d.epeaü.s to $o$le 6x*

tent u1lüä the- iatsnsåtp anü. d"uration of a etåffitl,un, it
f.u qutto eon$üftå.ble¡ as ffiôr*.ge*Srçen ha# sþsørved.,the,t
L6 $[here are a]"so persüns who wiLI ¡mke nùmtâ.I eEu"a*

tfong fu¡ ons set of elffsu#tegcøÊ å.nû, e"üsffe}-ous éqa&*

tlons fur angtÏ¡sf,+n äo hEg al.go oþeeryeè* that ssuts f.¡t*

it{våðtale wl.L} egrs€ wlth the narna} eqlffitåon when e rett Ðf

wa?s length rêl0p i,ø use,å ba* 'atrlL uskq &n eÌrÊmaïoue 6qu-

atlon wåth a red. of .69OB. Ii[Õwn "6?qF l,u very cluse to
*a equX?.thråÏ¡ffi eolçr y&teh thê autbor fÊünü tc bç et

i665pn iqTråI.e r6Ë0pr f"s a eplsr *leh €Éve.Ë..,1.eFé5q.,ri*flåHest

Tt åe quit* posmible' theref,ore, the.t thesç ano¡ns'l"oes 
:<'

tviehrons.,ts n cxasf¡red. 1¡y üdrtåge-treenn håå an equåli*

brf.¡¡¡g aoJ.or cLsse to oû?0¡rl the etlmul-ation of $rieh

wouLd r*ssl,t fue a balsinee belng, s&t up þotween the ð1"r.

eçt anå rsf,tgx ef,fects of tbo e*lôr* wlrÍLe trh* sffast
16. 'rPÌqrelology of Våelsnn F,ËâF.
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of enp}oy1rr1 a ratl sf ç69Op wea].d.' be to proåeee aþaoræaL

reflg .esbane€BÊr1ts a¡a[ egrrseqrrgntly an ans¡aal*us 6qlta-

tioa.
Ehø fol,I-o i'ng tbsersât1ütqn n*å€ b¡F Ya:r-

lOus er¡lerlmeutërsû eleærly show when vlensecl' ln thç tfght

of thls Faptl*r tþt the ref,l€rx s€asåtlga UBJ¡' nsder ë€Ï-

taip csnåitlers agð with ëerÈaÍn lnütrv'id"uelo' aetuall

preê,eutlnat* Êser tì¡e tllreet effe*t çf a llgþt stånuXust'

' Ë'If ,the prlËs?y stlffilqs {¡rbite } te $ê!re

intenee or eats for s L6i4gûr tå.tse eolo'ratí+n mry sÐm-

ßÉriêe be.f,sEe ebgeræilrg the eSFe tFeeluxerl.l]- 
, rsÃ nlsiå l¡lrae-gg*e:r aftes' tfsage 'Bâ.Y bÊ

seen nst cnlg is -the aþsgasc of e.i-L grs+it Låghå bat

wLl1st the eSre is st1l} beíng stinulateå witb a red.

right, *18

.t'Ïæ eaç* of å. gtrorrgslr csåors'd' rett sttr-'

faee ShÕËs tmeg+ e-¡nteÞ*,E ov*r the greeter p$rt of 1¡he

ret,íBs ls ospecietty etr-n&fag. Ehe €eÏ.eîË f,aåes 
"t*

,SLêîflly ht** stead.lly' givÍr:6 r'Jss to a'¡leonlÍ'ar $ð-ILf!&'+

tåoa sf Lese af T!*s:er sf the ëtrê untf'I t'he fleÏAÌ beca:se$

qaÍ.te grey e¡r* eûlourl€Ës', '&* this at*ge the etate ås

ðne of tsinetic equ.iÏ.ibrir:m* anÊ s euÞie+tive flaetixr:

tÈõÊi'.Iåbè.thss+whI'chert.el.waysta&ångFleceå11gelf

,}.Èghto æaay srlååerrly :result Èn a rlse of, the tbresh+lê

YelesgoftkgeaksreeBarråblgeeer¡ga*t.f'Û8$+Tfthet
sse{lr:s the color¡r sf the ffeLd. wiLl sr¿d'd.enly f,ledr i'nto

l?* Farsons.: rtselour låsion$ n p*T.18.*
J.g* Eûråège-treen; *PÞ¡rsiolory sf, YgsL.otån3!*14$*
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pefçêptls¡¡ es e Etrsng gfsenû The ef,fest ås nau,erraLxÍ
strlhlngn but is not ee.ey to etteln.rlg

flrLs rest guotatåon ås rearrp e, saref,uf, Èes*
ørf.ptå*:s of what 

1aff bø eel"tred. the growåþ çf tÏ*s rçftex
saneatåo* r¡ntrl the eff,est of d.{re€,t eeÈroa, w}+rruh af-
fçete preðo.æLne.n.tþ trre red, senpe,tionu ls eqtrelred by the
refrex aetf.ono wblch Enhenees *hiçf!,y the ç€mpl,einætery

Ereernr thus reeuJ.tlng Xa a gfâg* fl'tl, çqu{Llbrf.r¡æ bet¡seen
the twe eff*ste thên Esi-ete r*rtit the refrex çnhasEers€nt
cf gtreon sÈd*€nl,y pred.omlns,*ås üî¡er the ûr.reet exøåta-
tton of, rod..

äh* Á.pplflcglrog of the Fri,nçtp}o u,f *sf1es yte1,al
#ensar s, ønb r* r Ps y*i*lrg-ne r.rnþã r. i;- ; ;uå 

-Ëei:ãä 
ilF*,å år ùe E,

fha ücuq.grHelplrol.tø tråshro@tie the*r$
ç.f eEl+s n'åsåon wåth Íhs vårfone ,m*ðåfÍ,oatf.sne ard E:rt,en*
ei+nr,, roæ*o bg rrg¡r KFÈ6s" ÂÞnoy s.nå €thçæen frntåe?usç e
øågg:Le anå, gaÈ*sfagtory espÏ.*neåloa of a gr+at meæs ef
phenomena s,ssosLatsd. îvåth the pereeptåon of x"lgþt mn€.

eç$plr* €t¡e ttre+ry oElËÉ,nated, ütt of a süudf cf so,Lgg

sixüurøa; ¡stÌåsh øge er,Flatr¿e-*. by it ÍE a ?sr;r satlsfes-
tory Ð&Ð}lÊF¡, $Í,etryoæatåe yåsåss ts ÊffiFäel,aee es ðuç tr
tlre absenoe of one of the sene*tlüËs, e#. nsnoctrro¡netle
'¡r{,slon *e tfue i.&enË åts sf sll t}¿rer* å*roÐaxoreg Ëråehr,s-*

ffitåsg* aeearüf.ag to,Èhiæ tlre*r¡r, lc 4ue tp e per*ÈeJ" fe_
åue*isn $in ðBe CIr gûrs cf the eEnffEËÈoll.s' Ð_r ån e,çxtE

t¡¡'pæ, ts a shtfå in one of tïæ senÊatioÍå oï*rrëiri

L9n Feð.4ler çËe}qlrr Ë¡[etÉn*+r *¿ [9.Ë
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the theery, aSnrt f,roø the prånoåptr e of
reflos seaeatione, of,f*rË no *,cÌ,equate eu¡¡tane.tlsn of the

Bhenome'r¡n, sf after ånnages, for þoth poef.tive å.uxð. nega.,

tlvÊ after 1nøgec may be exporienced in tho absence of
sti,mr¿l,atlon by vfr.tte llght4 If, ðiehramaÈle vlsl,sn ls
êue to tþe ab,sEnrlø of, ÐÏl€ eomþsnent eereeætlon, tt Ls d.{f*
såeqlt ta uad*rstseå whtr e oertaln portforr of t,hs npêüÈ*

rüm shoutå bo see¡l s,Ë grey and not eclored., trf thÊ r€*
watnårg tmu ga$ga,Ëåoüe are etånìillateåo äor el.sasst psm*

pletety ùe,rko if nose of, the eenffi,tions be eff,eateil.
;lgala* lt ü"rÉs rr*S *ppea,f, üÐrxetetent to gutr¡:FoËer, Èirat 

I

ü,f,sbromÈtte råsf.o¡l 1e du,e t o tl¡* abse&çe +f, anE e-or,or

saneatåoao whÍLe çsøneehp*¡aatÍ.s vflel-olr ts ür* åflonÉlþy øt
the throe. Phe theory Ís æ,r,ee dçflclent ín of,f,oríng an

,axpÏ.enatåon fsr tLrø Vag$.oue t¡ryes sf eolor þIf nfr,nøee

wlth nellûal Lumi.nosl.ty eurves* fhe facte of spatf.al f.n*

å-ues åslr uo sfgr,xtrtangoue sontragt w€rg rogarðaå hfl He,rnû*

hglta ss n*,3,Luslone of åud.Bqentnt, &r1 æplanetåøu wh$eh

abe,nttorio d. BWslolESy e cmpLetelyn

Shee@ r€ðÊepêhee sre nst lnt*nô*d. üo

çs&fJ,g$ the Yst¡n$*Hqtrrsþelta theory, aïthauglr th€y d,CI f**
dios,te three fund.emental sensatlons oorrespünðtng to red.,

gFe@ afrrü vùsL et* *he evåf,enee rather oorreets an$. êx.*

tend.e the Ëreory Tiy reoognlzfng the refles açtlos sf
il.Í-eht É3ïen the vlsüsl Heehanlsn ån eðåttf-pn tu f.te ë.fs*

eet effect,
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fhie adðttlo:n of, the Brånetple of, rofles
vieua]. sensatloasr &Ê ßf,sçwsreå by.&11en anð as estenðed.

þoth b5r btrro enå i"s thls ÞÐFêr* sff,+rs on t¡Tre baEJ.s çf tbs

t'r*ehsoæatf * thggvlr *lmpl"e a,srd. eet{e,faotory erylanatloas

fgr ffre$essåye enû si¡urLlanq+-ae sontrasto thE wiri.tênêFs

ru¡derlying e.1.1 sal-çrsn tbe satügatLos. of aolor f-n after
åne6ee o eenpïeaentary eotrore'' ansnaX.ouc trlahronatLem*Ete n

von frri,õsi &u1r}åeåty theørg.. whåeb sffers *n ergtenattroç

of øøotollLe *r lwll.ågnt +'å*1øn,, may yet Brsre &.:Ê u,ruieogs+

sery aådf¡tf.on* fçr, &Ë aI3. eslars tenð to bosg$ßs wh*te et

h¿gh åntøvrsitf,,esn ðr¿e tc Èïrs raflom arthane"emsnt be$rig

*qtral to the illresto ss toan the nbeonee ef eoløe fn ef,l.

tr16þts .a* Luw {ntesst ti"6ë &eS þ+ &rþ t* unsthsr equel*ff

tetwasn *h* åf.rsot and. reftæ, PstLen of, f.f'gbt Í,¡r Etlgu*

Latån6 the sensatS.onsn It- *.s quf,tø P$ËËlþIe tþaÈ cs*st

þ[$.ndnçse* **Èh*r e"ryryl sr sm]¡]eter h&F a'X-efi þe çeuqed-

þy eçrteån þ*.laneÈ.s Eåt up hetw*cs the &lreet a*tÍ-qn oÉ

lf,ght asld. the aoueplenentary refle,s* reeultlas ful grey.

the corrçctnons of, tlæ above pred.l.otl.one, can o,hly be åe*

ter$*,$tså, $n tlte fi*tnt Ëase* þy *a çx$arå.¡gog}te,} *üud.g of

reflexee at 1ülî lntonsltl€ß, an1 tn tha seeonriL bF ånVost-

fflre valua *f ary theçry l.e twofe[.d*fåretn

$.n sf,fErflgg *etf.s'f,*uäng'p eæplanaÈt+¡ìs of Inry relatoð

phenonenan arx}. second., in etåmul"atlng frulÈfut resaarsh'*

ls thås -rÊs$eçt the trtehso¡satå'c tbeory of Youl¡g-llëI!fl'
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. hclts has beçone mose anrL more f{rnly eEtab}l.s}eårr:rrtlL
r1öør ån the Ï.fght sf the ropeat researghes r.rÈ refrex vås_
uel sgneati+ns,, [ltt]"e roen s+ßEË L6,ft for mairy of the
*pBe*fa# tl¡Þ,srl,ee. Eoqre_ïrer, åt sssffiÊ E¡råte fmprobabLe
tþet a ri'wl th*ory,, wrrl.eh eSee exp'afns Ben$¡ pbouome*a
of, e+Lçr n:rorc:r, a¡lå wÈrch too bes stfmrrÊteê nush TaI_
uabr.e researeh, should not aont*r* a sonsi.derabre rtegree
of truth, Such a thearro te that proposed by Eeringr*

'She Hering Ëh*or¡r eseïltnss *i* pryun**
phtspiçar Frû€qßsssr, €ütrff€spond.ing to tÏ¡g såx $sfunartr Esãr*
s*'tf'ogsr' whtch nray be arraaged ån p*års, f-.Qtl*gîfseu.r Fçl-
lgw*bluen whåte*b}eck¡ fhree photoehe¡ol*al substanees

' .&Ëê s1¿p3reõe4 üo axret Ín the retåaa, 04g ss,rsÐsponôång
t* çach ef the thrêÊ pef.ï$ #f, seqÉatåoner *hÞ f*r#t
naned, een$a,t1on. ån saah peir ls suppos*{ to eríse from
tho d.rssågj-r.stron of, tb ¡*roùeeherd,.ss.3. sub*tÊ,nGs qrî,s, tåÉ
pee*nü sçÉsattrÐa *em åts ess*m!åatåen" å11 re'¡,tr of thç
vr'stble s*ectri¡fi have a üf.*er,mi.Latång açtf.sn on È,hç
whf't€-gtp.ek subetæ¡roe but d.xffere¡t weverr.engths in år.f-
fesont dt$ÊÍre.ee* Whsn sÉx.e'å l,t,&h$ ¡groÈaçes eEuaL ùilssim*
åle.tf,en and, agsåmåLatf on fn the red.-ffssn or the yeLtow_
blue *rtbs*ârlaes celogl.åsry lt8bt ls ths resul,t* fho a*tion
åe nst ssmtr¡Le'ågntary bat nathËr åntegunf.stic, fcr yer"ilær
qefl þlsa ëp not groåuee whfte Lå6ht by ÈÏrsår eonpbtas,H,Ën,
bu* by è*øSroyf,ag caeþ pÈþerre effoctso ar¿* Ieavång yåe*
Lble the white, whlch ts alrea*y thre through the *ås-
såmi.L*tf'en of tþ* whnte*braali sulstârreø by th* mrxef,
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¡,1.9þt. t4soh våeuel. rçs$¡únss fe tlarefere e nalxbura of
thrgceeneat1gng+.ggite¡i|,by'dåsetÞ{1"etioato6otherv¡1th

the three arietn$ from asel$lLatlon, tls rçeîrltåna qol.sr

beln6 ðue to the one Ðf the e{x that prod.ræee relotlvely 
,,.,1 ,,,,,:the greatest effeçt.

$he prlnef.ÞlEe å.eðu,øeå frsm the eryerå*
mentar ovlåsnçe gi,ven ln thås påI¡er ebe'il ti¿et tffis, ËppoÉ"* 

,,.,,. ,,,

åte çffeeüs ere Brod.u*eð whenpver lågþt of any hw stt&- ì, 
,

rrlatqg tlre retåãte," Íh* *$ree,b anå rgflem a*tl*e of Xf #ffi, ,,:, : .:,.,,

altheugh eþ.pfitrentr.y arytagotnåetfe,r. pro,ÉLnc$ theår futt ef* ,

feets wåthout ån engryay d,estrøriíg or !.rhthåt$.æg eesh

other" fhe net resuLt le not the esçess sf one actåsn
6yer th+ sthsr, but rather tbe offüblned. effect çf, the
tgo*fieeg'ugegfth*uade*tyin6w}rlteneegefaT.ts¡lqat*.

rt& corors, Hering aesumes the seLstencç of, a whlte-
blaç& EuþpËaseç* ln lrTrr.eh tl,s *atagonåstic actioffi re*
f,utr.ts, la a serÍ.ee of, grege* thg dls*ever¡¡, howeyel', pf 

l

resT.es rr5.eaaL eensattons no Ïonger noeçEsåt*,tes thåæ q,p* ' ,..,'',,,,,
nunSrtlon* øÈ$eo wlrLte 1s t&e rçsnlt e.f- eqnal. st{ne}.atåon , ,, ,,' ',..'''''.:
of, the tfge* ftutflan€úÈa$.$ensatlsnso trË*' green en# vùo*

xeto whether tt be by åÈreat aotf+nn reflex action* ü?

by a somblnatlon of both whiah Lt appears must generalLy
' :' ,',, tj t ,'

bg tUe oâ.sèô ':: :':: :

Sstå ths loq¡6¡Helrnbostø a$ß. Henlng the-
s.såee ro$o6p{øe Èh&t the gratçfë üf ç+IOr vf.eåE¡.¿ ås fi6g**

ontåslly t'rå-sftrsffi,tÊs,' the fsrær þy supFOs$.ng the
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6xf.gt6qðe of three fr¡ndeee*tal eeneations, and tho

La,tter bry the aesueptåsn' cf threç paÍ"re of psyeb€*ph5rË*

åw.L Prêeêss€Ët¡ fhe flrÊt tlnporg axptalns moet satås-
faetorlly ¡rh,eaomene, Bueh aË ?hnçe of çsLer mLxtares,

wbtçh arl"sc ehiefLy fsom ths ûf:ieet astion of rigÈ¡ thÞ

eepon*, phenomena reløtlng to aolor eontrast, whioh

lrsve now been Fhôwn by ÅlIon tÈ bç elus Lergel.y tu the ro-
fles eff,eet sf a cslor st¿Éulus?O Sach theory tbere-

fçre åe maffi.F Þaseit er-r only øne of tlre two pbaees çf
øolqf p*reept*on* In the tl,gTrt of a uf.ffi¿a!. sefler +f, B.

gêIl$tfår Éature, the YÐ*ng*¡¡çl.uhstrtã and, üeri.Ilg tl6-
or*,æ eesn nt X.on6gr be regarêeù ao antagonåetl.eo BhÈ

exåirtenne oË a ref].eæn af,feottng preðonlnantly the oÐm+

pl,hgs$tøry r'sonsatlsusr +Hp1e.lns firlly the apparent aæ*

tagørrls$ ,of eslor sønsatåonr. whleå HçrånS r€saønlaes

as Ð,n eseentåaL Éeature of colsr poree¡ltion.

ÊÐr #tû,+ffi,*¡{ & H"ffiqI. V, Þr9lã¡ }9851




