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I" lroduclion 
In recenl yca rs, Ihere ha!' bccn a rcucwed inle resl in congcnita l achromalopsia, 

in part beeaus.' oí Ihe di!Covery of whal have OC"C1l designaled "atypical cases". 
{Heí. 1, 2,3). A few oí lhes,· atypicaf cases exhi bit normal o r supranorma l visual 
aeuit )' and )'el reveal a lolal abst'nce of chromalie discrimination. However, most 
oí lhe cases oí alypieal achromalopsia exhi bil grcall y rcdueed visual aeuil)', bul 
demosl rate some rcmllanl of chromatic {liscrimination. 80lh classes oí palienls 
show evide nct· oí an heredila ry transm itlance oí Ih e abnormalily. In conlras! 10 
bOlh classes of alypical cases. cases oí utypical achromutopsia revcsl both s total 
absencc oí ehromslic (lisc rim in ation und grenll y reduct·tl visunl ncuily. 

In vi!;w oí obvions diffc rences belwecn thesc two broad calego ries oí atypi. 
cal eongenilal achromulop~ia. the presenl authors suggeslt'd rccently (Ref. 4) that 
patit'nls wilh achromalopsi a be deE-C ribed by compound Icrms, Ihe firsl dcscribing 
Ihe number of cone receplor s)'stems fou nd lo he operativ,' , 111(' second describing 
Ihe Irpe of chromalic (liscriminsl ions wh ich Ihe paliellt ..... as eapable of making. 
Thus, for cxample, Ihere may 1)(' tri·cone monoehromaey in ..... hieh red, green, and 
bl"ue eones are presenl hui the pal ienl slilJ has a tllonochrOllllltic funliona l system. 
Or, there may be di·cone mOllochrolllucy in whi ch two eone syslcms are present , 
or mOllo·cone mOllochromscy in ""hieh on ly o n(' , conc I!yslt'm is in opcration. 

The suggesled use of this compoun(1 nomcnclatu re implies, of course, that sour· 
cc..'S oí ev idcnce othcr Ihan chromalic discriminatiOIlS can be found which wilJ 
identi{y lhe number ami speetral charaeteristies of the cOlle systems prcsent. The 
li \('ralu re suggests thal lu minosity ( Ref. 5 ), the Ileuil )" fUllelioll oí Iuminance 
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(Hef. 6), aud tlw dfeet of chromatic udaptatioll on acuily (Reí. 7 ) provide use· 
fuI ind ices of the nmnblOT of cone Illecha nisms in operalion, independent oí the 
palient's ah ilil y to makc chrolllatic discrilllinations. 

Wc have in ili alco a slud y of alypical achroma¡op~.ia with Ihc objective of iden
lifyng ¡he COlle mcchllni~oJIlS in operatioll as weH as Ihe chromatic discrimina· 
tio lls of which Ihe palitnlS are c3pablf'. Thc results lo be reporled here are COI1

cerned willl Ihrce cases of atypieal eongenilal aehrornalopsia with reduecd visual 
acuit)" and sonH~ chrolll31ie discriminations. Furlher dala on Ihcse and si mifar pu· 
tienls will be reported in more (Idail :subsf'que ntly. 

'fhe pn:senl patien ts were rcfercd lo us by Or. Harold F. Falls of Ihe Oepart
merll of Ophthalmology, Ilw Univl'rsity of Michigan, ano OUT measurcments wcre 
made whilc we wtre working in the Vision Researeh Laboratories of thal insli
lution. Anulysis of Ihe dala has Leen made possible in part by a grant from The 
Knights Templar FurHl at Ihe University oí Miehigan, in part by support [rom 
Or. WiJliarn H. Havencr, Chairman of the Department of Ophlhafmology al The 
Ohio Sla te Univer~ity , alld in Ihe largn.1 parl by generous support from The Ohio 
Liolls Eye Researeh Foundation. 

Experimental Data 

A. Medieal finding:s 

The three palienl~ were broltwr~; th.. quantitalive dala are so nearly identical 
for the three thal in most installces il will Le sufficicnt to present average data. 
Thc ages of Ih!' Ihree patil'nts at th .. various limes al which we sludied Ihcm 
varied wilbin Ihe following limits: 16 lo 19, 20 lo 23, and 23 to 26. Thc visual 
abllormaJity was known lo be congellilal , Ilaving been reporled in olhcr maTe 
Illembers of the family. The was no evidence of change in thc abnormality 
obser\'cd in the brolhers since birth. 

The pedigree obta in ed by Ihe Univers il )" of Miehigan Heredity Clinie eonsists 
oí íortr relakd persons. The three affected brolht::rs had Ollt' sisler who was tested 
and found to be normal. 'rhe falher was tested and found lo be normal. AH his 
relative5 \'wre reported to be normal. The molher was normal excepl for foveal 
dark adaptalion whieh showed ~·Oll1e evidcllce of rod fundion. One oí Ihe molher's 
thrce brothers was reported by the palienls lo have Ihe same defeet as Ihey both 
with regard to visual aeuit}' and eofor visioll. The maternal grandfalher of the 
paticnt's mother was also reported individuals were known. Thus the inheritanee 
of Ihe palicnts' color vision dcfect appears lo follow Ihe classieal sex-li nked 
pauern. 
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Ophthal mological ('xumi nulions by Dr. Fa\ls guve the fol ro wing results. The 
palienls had no chromatic discriminalions under normal lt'sling condilions bul 
Ihcir visual aeuily was correctu ble lo ahout 20/ 60. Thl're \Yas all ahscnt:c of g ros! 
nystugmus, I1U phulophobia, and no clliclcncc of n'linal dcg(·ncra lioll. There \Yas 
J10 evidence of supprcssion Uf of eccenlric fixatioll. ']'hc only {um:lus abnormulil)' 
was a fai nt "slippling" of Ihe choroida r pignl('lI l in Ihe macu lar regían, combine<! 
wi lh a sl'ighl barin g af Ihe periphcral choroidal vusculalure. 

Wc assessed Ihe palienls' chrorllalic discrilll inalions with Ihe FurllslYo rlh· 
Munsdl l OO·hue test, udministcrcd und"r 8 Macbelh lIIUlIlillanl e easel lamp. 
Numeraus errors were made throughout Ihe spectrum, wilh Ihe fewes! er ro rs ul 
H and YYG. The palienls ~·llOwed sOllwwhal hcllt'f discri minalion Ihan Iypical 
aehromals, who gener311 y show a paHern of errors ul and heyond lile exl remes 
01 Ihe graph. Measuremcnls 0 11 a Nagel .lype 8noma losco¡Jc indicaled thal Ihe 
palienls wen' diehrom81ie or monoehrollllllic, wilh the brighlncss even mo re 
depressed in Ihe T('d Ihall is found in prolanopin. 

B. Psycho¡Jhysiological Measurement.~ 

Special eq ui pmenl was COl1slruclcd lo enable us lo mrasure rUJll inosily al1(\ 
chromatic discrim inalions, dark adaplalion. ami visual ncuit y al va rious lum i· 
nance levels. 

1. Luminosity 

Vi sual lumi nosit)' , or appan'n l b righllll'ss of various parts of Ihe visible spec· 
Irum, was measured in a spcclral comparalor bus(·d upon n Hilgcr prism 1110110· 

ehromator (Rcf. 8). Radiomelric mcasu remenls were made of Ihe oulpul of Ihe 
dcvice al various wllvdenglhs, and cul·off filtel'ij were uscd lo eli minate Ihe 
speetral sIra)' fighl which would olhcrwhe huYe inva lid aled our llIeasurC lllcnls. 
This device \\las used firsl (Ref. 9) to mensure lu minosily fu nclions on normal 
observers, and an opli mul lechniquc was devcloped. A standa rd $Ouree of 402 
millimicrolls was usuaJl )' uEed and each subjcct \\las rcqulred lo match olile r 
wavc!englhs of the spcclrum in lu rn lo l!Jis slandllrd. Matehcs werc a lways vcri. 
ficd afl er adaplalion lo a wh itl' l¡ght of matc ht.-d lum in ancc, to mini mize lhe 
possi bilil)' 01 chromalic adapll.ltion. For Ilormal subjccls, il was. fo und desirabrc 
lO rcduce color differcnecs bclween Ihe sla nd ard und colllpa ri son ficlds b), use 
af a series o l slandards spaccd across Ihe spt."Clrulll. For lhc prcsenl patients, 
in itinl use of Ihis praccdure delllollslrnlcd Ihal Ihe patients had 110 difficulty 
malch ing all wnvelcnglhs ¡¡gainsl a single standa rd. Subseq uenl lests required 
Ihe palienl! lo match al] wavelengths agai nsl tllt' 4(i2 millimicron standa rd . It 
was showl1 Ihal Ihe measurclllcnls obta ined with Ihe two melhods were equivaTenl 
aud Ihe}' havc been uwd intercha ngeably Ihrough the prt'Sl'lI t repo rto 
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In our s].>Celrlll eomparlltor, Ihc pholomelric eOmpllralor i& of lhe concentric 
ring variel)'. In our deviee, Ihe diameter of the inner ficld , which eontaincd 
Ihe standard, mulendcd 30 minuil's. The diameter of the ou!er fie/d, containing 
Ihe speclral eompariso[}, subtllnded 1 degrce. Thus, Ihe en tire Held will fal! within 
lile supposedly rod·free foven eenlralis ir Ihe subjecl fix ales ¡he precise center 
of Ihe eo mparalor as ht' is instrucled lo do. The (levice incorporales an artificial 
pupiJ so Ihal il is po~<sible lo compule Ihe rdinar ill umina nee produced by lhe 
standard when sel al various radianee levels. A special lens is used (Ref. 10) lo 
reduce difficulties due lo ¡Iw ch romalic a bberralion of lhe human eye. 

During ¡he lu millosily measuremenls, il was 11 simple matler lo ask Ihe palien!s 
if the)' could obtaill a perfeel malch betwecn vll ri ous spectral ~imuli and the 

402 millimicroll standard. Insofar as lhlO)' werc able lo oblain a perEec! match , it 
eouTel be conclud e(j Ihal Ihe palien!s were wil hou! e hromatie discrimi nation. 

Luminosily measun:mcnls were fi rsl made al Ihe Illaxilllum intensity of Ihe 
402 millimieron standard. Ulilizi ng Ihe 1951 p holopie lu minosil y values proposed 
by ludd (RI>r. ll ), Ihe retin al itrum in ancc was compuled as 1.76 trolands for 
normal subj cct~.. The dala for the three pal ients are shown in Figure 1, together 
with a verage dala 0 11 10 normal subjeds obla incd under ¡he same conditions. 
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The lumi nosity coeffici~'nls are dcfinoo by the relatioll : 

VA 
Lumin os;ly Coefficienl = 

where N¡' radiance of 402 1I1illimicroll slal1clunJ; 

NA radiance uf co mparison wu\'elcngth ; amI 

VA = CIE photopic fum inosity coc[(icient 
at 402 millimicr01lS. 

By Ihis definition, t'ach luminosity coeHicicnl should agree \'Ii lh lhe slandard 
photopic IUlnillosil)' valuc jf the luminosi l)' fUll ction i5 no rmal. The dala oblain · 
cd 011 our 10 normal subjeets agrec in general with Ihe standard valu es, cxhibit · 
ing a peak lum inosily al aboul 555 millimicrons, and substanlial luminosity 
bctwcen Ihe limils of 400 and 700 millilllicrons. In co nlrasl, Ihe data 0 11 our 
palients sho"," a ver y narro\'l lumi nosil)' functiol1 with a JJl·ak al 440 mil limicrons. 
'fhe cxlcnl of cliffcrcllC(" belwcen our palicnls and Ihe lIormal subj CCls is perhaps 
concealcd by Ihc USt~ of u logarithmic scale of rumil1o~ il )' eocfficients. In facI, 
Ihe lu mi llosily funclion fo r OUT patients is Jcss Ihan one·thousul1dlh normal at 
540 millimicrons, und indefini lcl )' less al longcr wa\'eI('ugths! 

The patients wcre able lo obtain perfect malches belween all compn rison 
slimu ti and the 402 millimicron slandard. Thus, we may concl ude that ¡hey wen: 
fUllclioll311y monoehrom atic under these cond il ions. For whal il is worlh, il 
should be reporled thal Ihe palienls all rcferred lo Ihe co lor of Ihe photomelric 
ficld as " blue". Qm' of Ihem slalcd Ihal Ihe fic ld looked " likc a blue sweater in 
a blaek room". Bccause of Ihe narrownt.'~s of this lum inosity (unction and the 
great resemblance of Ihis curve lo Ihe z fu nct ion in Ihe C. 1. E. coforimclric 
syslem, we hove concluded lelltalively lbal 011 1)' one co ne receplor system is 
presenl 3nd thal it may be de~ign alcd Ihe blue corre syslem. 11 was on Ihis basi! 
lhal Ihese palients were originally dcsignaled blue rllonocone l11onochromats 

(Re!. 4). 
Measurements were nex l made under ¡dentica l conditions excepl thal the in len. 

sil}' of Ihe 402 millimiCTon slandard W 8S Tl'duced so Ihal il pr~\'ided onl)' 0.0754 
trolands. The dala ohtoined 0 11 Ihe lhrec pa tients ullder Ihese cond itions are 
presentcd in Figure 2. Dala obtained on lhe 10 normal suhjccls al tire low('r 
rumina ncc level 8 rt· prcsclllffi for comparioon. Note that Ihe lu minosily functiorr 
is no", cOIIsiderably broader lha n befo re, wilh Ihe peak va lue al about 520 milli· 
mierons. Thus, our palienls ex hibiled a massivc "anli.Purkin je" shifl , Ihe lumi· 
Il osi l ~' shifting lO longer wavcJenglhs li S lhe ¡uminance is red uced. It i5 still 
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appan:nl, howc\'cr, Ihat lile Juminosity function is far from normal. The patients 
were able lo obtain p!!rfect matches belwccn all spcetral comparison stimuli 'and 
the 402 rnillimicron slandard. In this case, they reporled the photomctric ficld 
as "colorless" . Thus, again Ihey may be considered mo nochromalic. 

The luminosi ty eurve obviously bears sume resemblance to the scotopic lumi· 
nosity curv!!, whieh is known lo be produccd by Ihe action of rod receptors. This 
rcst:mbla nce crea t l'~' at oll~e an intcresting possibiJity. It is lo be remembered 
Ihal our palients were inslructed lo makc Ihese lUlllinosily settings wilh fovcuT 
lixation and thut they hclieved Ihey werc folJowing lhese instructions. Ir Ihis 
is the case, and assumiri'g the paticnls did nol exhibit an unaccustomed nyslag
mus, Ihe rod·like luminosity curvc we havo(' obtained wa,;· produced by reecptors 
localea in the fovea centra lis. 

A quantitativc ~oroparison uf these dala and Ihe standard 1951 elE scotopic 
lu minosity function (Ref. ll ) is presellted in Figure 3. This comparisoll can 
onl y be made in rclat ive lerms 50 thal all we ca n judge is Ihe similarity of shape 
of the two luminosily curves. Ir is aflflarcnl that Ihere is good agreement al 
wavdengths Jonger than 550 millimicrons hut that there is a considerable departo 
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un' between lhe curves ill the range from 420 lo 540 millimierons, Inilially, we 
postulatcd Ihat the relalive Joss in luminosity cxhibiled by Ihe patienls at Ihe 
short wave ('1111 of Ihl' ~pectrulll refleelcd all in hib ilorr cfff>et of hllle cones. 

While discussing Ihe'!;,::! data with W, S. Stiles of Ihe Nalional Ph ysiea l Labor
alor)', Teddinglon, Crea! Britlin, an alternativc expranalioll occu rred lo us, We 
begin by noling Ibal Wald (Ref. 12) has reporlcd Ihe cxislence of an inert 
ydlolf pigment whieh l'xislS in rr' Jalivcly high con(,'Cn LratiOll in the macular 
relina, and which reduces Ihe sensitivity of macular receptors in th(~ short wave 
elld of Ihe spectrum , This pigment has lln absorption speclrum which dosel)' 
resenlblp~, eryslalline leaf x:mlhophylL It exists also in Ihe periph(~ral retina, in 
(~OnCenlrlllions no grcater Ihan one·fifleenth th ose found in lhe macular re tina. 

Jf we llSSUnle that this xanlhophyll exists in Ihe macular relinae of ou r patients, 
lben th e luminosil y fUllction oí lbe underlying ret:eplors will be ah(~red al ¡he 
shorl cnd of Ihe spectru1l1 by absorptio n due lo macular xant hoph yll. We hll ve 
postulaled thal rods cxiSl in lhe fovca C€ll lralis oí Ihese patients, and Ih at their 
abKlrplioll speclrum WllS ind(ed modificd by Ihe prest:nce of macu lar xanthoph yll. 
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11 is Ill.:cessa ry lo cOllsLruct Iheorelkal scolopic luminosily curves modified by 
various concentralions oC macul3r :xalllhophyll, sinee lhe concentralion can easily 
"ary among patients, and is known lo vary with retinar loealion. The dashed 
curve in igure 3 revr('~enls modification o E lhe e l E scotopic luminosity funelion 
b y a eoneentralion of maeufar xanthophylJ 707<, as grcat as that reported by 
Wald . We beJieve Ihe agreemcnt hetwcell Ihis modified luminosity Iu nelion alld 
our luminosit y data is quile good. Thus, we led Ihal 1'.'1: have probably establishen 
the existenee of a fovea! rod lum inosily Cunclioll, lo be distinguished from lhe 
usual scotopic curve, whkh lila)' well be considered a peripheral rod luminosity 
function. 

1t is k/lown Ihat the standard seolopic luminosily funclion dosely resembres 

tite aLsorplion spl~trulll of rhodopsin . Tlt i !> is not surprising, since the concen · 
tralio ll of macular xanlhoph)'1I is kll0wn lo be low al Ihe relinal loca tions used 
lo delermine Ihe seolopic luminosily funclion. The faet that Ihe eoneenlralion 
oI macular xanthophyll prcsumabl)' decrcases g ra(lu::tlly frOlll a maximum al 
the fovea would s{';em lo impfy that Ihere should be various scolopic lu minosily 
curves for diffcrelll relina! locatiolls, mod ificd by diffcrenl conecnlralions of 
macular xanlhophyll. I f Ih is is reasonable, Ihen lhe preche s.hape of the scolopie 
luminosity eurve call perllaps be used lo determinc to sorne e"tcnl lllc rclinal 
location used by tlw patients in making psyehoph )'siological measuremcnls. Wc 
shaJl havc oecasion lo makc use of Ihis nolion in su bsequent analy~is of our data. 

After discovering Ihe preSI;!lee of lhe btue cone and fovea! rod receptor systems, 
caeh producin:; monoehromatie vision at olle luminance level, wc measured lumi
Ilosily eun'es at various luminam:e levcls bctween Ihe two values originally 
studicd . We generally obtaincd what nllJsl be regarded M mixed lum inosjl)' 
curves, and we found a dichromalic color syslem in each case. 

The solid curve in Figure 4 represenls an examplc of lhe mixed curves. The 
dala afe for palient EL at a reLinal iTIuminanee level oI 0.508 trolanas. (It is 
nccessary lo present inaividual aala in this case, sillee Ihc mixed curves oblainc? 
by the threl' palienls al a given luminance level di{fer to sueh an exlent thal 
averaging would not be advisable.) When Ihese mixcd curves wcre oblainen, 
lhe pa Lien ls were able lo lIlake perfecl m::ltchcs bctween thc speetra! ¡ighlS :lIId 
Ihc 402 millimicron slandard unly frOIll about 400·450 mill imierons. Otherwise, 
the speelrat light was reported as chrornaticaJly diffcrenl from the standard. In 
genera l, the paLients reporled a "neutral znne" in Ihe rcgion from aboul 4~0 to 
510 mill imierons, in whieh Ihe spcetral ligllt was reporled 3S wllite oc cream 
co loT{'(1. Spectral lighls. be)'on(¡ 510 rn illim ierons were invariably called ")'elfow". 
This resull was obtained bolh when Ihe patients \Vere malching Illese wavelenglhs 
with Ihe 402 mill imicron slandlrd and when lhey obse rvcd unknown wavelenglhs 
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singly and wilhoul rcference lo olhcr cofor slimuli. Thus, al the lll mina ncc levcls 
al which mixccl Ill lll inosily curves were found, Lhe palienls elearly cxhibited a 
dichromalic color s)'slem. It seena reasonable lo suppose thal Ihe dichromatic 
color s)'slem \\las based upon bluc cone and fo veal rod receptor systenls, since 
the dichromacy occurrcd al luminallce levels al which bolh systcms mighl reas. 
onabl)' be cxpccled lo he operative. 

The cOllslruction~ in Figure 4 II re intended lo demonslrale lhe reaSOllublcness 
of this poslu lal ion. The Mue cone curvc shown in Figure 1 and the theorelical 
foveal rod curve showll in Figu re 3 havc bcen plotted in comparisull wilh Ihe 
mixcd luminosily cu n 'c. These cu rves have bcen arbitra.ril)' adjusted for good 
fil \\l ilh lhe mixed luminosity cu rve, wilh the resull shown in Figure 4. ti is 
apparenl thal Ihe mixed curve has sufficienl widlh lo he co mposcd of blue Calle 

and foveal rod mechanism~· as POSIU!alt'd. lt is also apparen l thal Ihe form of 
Ihe mixccl cu rve co nforms reasonahly we\[ lo Ihe bllle cone and fo\'ea f rod curves 
at Ihc ends of Ihe Spt."Clrum whcre on l)' one receplor syslelll would be expectcd to 
be operal ive. Thc appearance of Ihe mixed curve in Ihe region from about 450 
lo 510 millimicrous eould be inlcrprcted as due lo sume kind of faciJitalion of 
lhe bluc cOlle and foveal rod syslems upon each olher. The mixed luminosity 
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curves obtained on these palients a].most invariably reveal this evidenee ror 
facilitation in Ihe ~'pectral n'gion whcrc the two receptor systcllls are presumably 
of about equal scnsitivily. We eaullot eOllsidcr Ihis poinl provea , of course, bul 
the data can perhaps be interprl'll'd in this manner. 

We believe the IUlllinosity data halle revealed lhe presence of blue eOlle ana 
foveal rod receptor systems in the fo vea! o r neJr·fovl'al retinac of ou r patiellts, 
and ha,·c suggcsted tlJal chrolllalic diserilTlinalions can bc ma(k whenevcr hoth 
these syslem~ ha lle about egual scnsitivit y. '1'lw implieatioils oí these resurts for 
color vision lheory are of particular interest and we are continuing eHorls lo 
a evelop a theoretical mOlle! my mean s of which sueh a color aiscrilllinative 
system can opcrate. 

2. Dark adaptation measurements 

Foveal and periphera l dark adaptation were llleasured in a rccording dark 
adaptomeler eonslructed along the general lin cs of the instrumcnt describcd by 
MeLaughlin (Ref. 13 ) . BasicaJly, Ih (~ devi(;e eonsis ts of a prc·adapting field of 
controJlable luminanee and duration, ¡lIld a flashing test of continuosly variable 
intcnsity which Ihe subjct maintains al a Ihreshold le\'el during aark:ldaptation 
by adjustmelLl of a knob control linkcd to a eircutar neutral pholomelric wedge. 
For the presenl stud ics, the test light subteTlded 15 minutes of are, ana was prc· 
scnled intcrllliUently during lhe entire test period in tlIC foli owing scque11ce : 
2.4 ~eeonds on , 1.2 sceo nds off, 2.4 secon ds on, dc. Viewing was binocular 
and natural pupils were uti lized. TlH' ('xperimcntal sequellee eonsisted of a 900 
seeond inilial period of aark adaptation lo was out dfects of unknown pre\'ious 
udaptation, follo\\led hy a period of 500 sccond light adaptation lo a luminance 
of 12HO fool.Tamberts , folJ owc(] by the dark adaptali on test. 

For tests of "fovea r ' adaptation, ¡he lest target wa~ prescnled 111 lhe eentcr 
oí a diamond eonfiguration eomposed of four wh ile fixation li ghls. Eaeh lighl 
subtended 4.6 minutes of are, :Hld lhe distanee frOIl1 the ecnler of tlle configu> 
ration to Ihe cenler oí each light was 48 minutes. The test subject controlled the 
inte nsity of Ihe fixatioll [ights from limt' to timc during da rk adaptation by 
adjustlllcnt oí a rheoslal so Ihal lhe lights fl' lllained dearfy visible wi lhout 
beeoming brighl enough to have a ddelt: rious eHed upon the thn·~hold of lhe 
test li ght. The resu lts obtained hy the pa tients \Vith a white test stimulus are 
presenkd in Figure 5. Here \Ve have plotted Ihe logarithm of the luminance of 
the t est stimulus required for it lo be al threshold le\'el during adaptation lo 
darkncss. Data 011 thirleen normal 'lUbjc(;!' are prcsept for (:omparison . (Thc 
data are not pf(:ci~cly cOl11par:l b lt~, si ncl' the ¡¡ghl adaptatioll luminalU.:e \\las 
1155 foot-lamberts ratber than 12~O. i\ncillar y expcriments suggcst, howevcr, 
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Ihal Ihis differenec in Lhe pre-adaptalion luminanel' does not aHect the Ja rk 
aJaptation curve appreciably). h is obvious thal lhe patienLs exhibit an initial 
ddieiency in adapLation but Ihal aÍler some 12 minutes in Lhe dark, they hace 
greaLer sensiL ivity Ihan normal subjects. The iniLial deficieney in ~ensitivity 

is quite large, lhe Ihre~hold being as mueh as 50 Liml'S g reater ¡han normal. 
The dark a(laplation curve obtain cd on Lhe patil'nts appears lo have Ibe ehange 
in slope usually attrihuLt'tj to a lransition frOlll eone Lo rod receptors (Ref. ]4). 

In ordt~r lo idc nlify lhe pholoreeeplor syslCtm; respünsible for adapta tion 
al diffcrenl tiltlc& in Ihe dark , we utiliznl wbat migh l be called "spectrophysio· 
anal ysis. The basic idea is that we can identify receptor tlleehallistlls respollsible 
for visual fUllel ion from dala oblail1t~d wilh slimuli of different spcetral qualit)' , 

Op011 the hasic of the known aclion spectra of Ihe receptor systellls. Th is. idea 
has ulilizt:d previou~ly (Ref. 15, 16, 17, 18) bul desef\'es eonsiderahly more 
attention. In Ihe prt'st'nl in sta nce, we repeate(l our foveal dark adaptation meas· 
uremcnl aflcr insertion of a Wrattcll NI) 47B co lofed filter in the test stim ulus 
hea m. This filler has a peak tran sm iUan ce at about 430 millimicrons. and a 
half width of ahoul ± 20 mi llimicrotls. Now, \Ve Cllil coml_IULe lhe effective op· 
tkal density of the NO 47B filt er. assuming a given pholoreccplor scn ~·ilivi ly fun· 

tion , and test Ihe extcnt to which this co mpuled dcnsit )' brings the dark adapta

., 

I, 
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I 

Fig. 5. "Fove~[" dark adaptation I,data for the palienls and ,
for Ilorm<l¡ su bjects with ,• ,• ,
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tion funtion obtaincd wilh blue light inlo agrecment with the original dark 
adaptation funetion obtained wilh white light. This analysis ncecssilates aeeurate 
radiomelric data un lhe cncrgy distribution of Ihe ligh! oouree uscd in the test 
!otimulus. Measurements of the radianl energy emiued at various wuvelengths 
by Ihe test larget systern ware made by our associ ale B.S. Pritehard , utilizing 
a double grating monoehromalor previously calibrated against a standard lamp 
01 known color temperature. It iS31so neccssary lo lake accounl of the faet that 
the so-ea llecl neutral wedge u~d to adjust lhe l e~t Iig ht lo Ihreshold, and other 
neutral filters usted lo reduce Ihe test ligh l to near threshold, are spectrally se
leetive and hence change their calibratioll when lhe blue filter is inserted. We 
measurcd the speclral transmittance of the various neutral materials with the 
double grating monoehromator and computcd Ihe densities of these malerials 
when Ihe ineident light was modifi ed by jn~-ertion of Ihe blue fi!ter. The density 
ehanges were qu ite small bul appropriate allowanees have beell m3de in Ihe data. 

lnitially, we tested ¡he assumption thal either the ordinary scolopic or pho
topic receptor systems mighl have bren invoi·ved. The densily of the blue filler was 
found to be 1.45 for the standard scotopic funclion and 2.59 for the Judd 1951 
photopic function. The test of Ihe assumplion that the enli re foveal dark adapta
tion Iunclion i ~· providcd by a receptor system having the sensitivity of Ihe CIE. 
scotopic funelion consists of compu ting the values of Ihreshold AB on the as
sumption that the effective dcnsity of the blue filter is 1.145, and comparing 
the dark adaptation data for Ihe bluc and whit c tesl lights after making this eo
rrection. Th is proceclure was followed , with Ihe results shown in Figure 6. The 
dashed curve reprf!&":nts the data obtained with the test light, assuming thal the 
density of the blue fil ter was ¡ndced 1.45. The solid curve represenls the data 
obtained with lhe white test light, as shown previously in Figure 5. We eonsicler 
the data for Ihe blue and white lest stimuli afler se\'en minutes in the dark to 
be in exeellent agreement. This presumabl y meallS that the receptor system res
ponsible for dark adaptalionafter seven minu tes has the wavelength sensitivi ty 
of Ihe e lE scotopic fUlletion . Presumably, Ihis identifies the receptors as peri. 
pheral rods. 

During the firsl seven minutes of dark adllptation , the blue light curve falls 
considerably bdow the white li ght eurvc. This presll lllabl y means that a receptor 
system more sellsitive to blue lighl th:ln peripheral rods is al work. It llalurally 
oecurred to us that Ihe b lue cone mechllnislll, previously irlentified in the lumi· 
Ilosity data obtained at high luminance, \Vas responsible fOl" Ihis portion of thc 
dark adaptation curve. In order to make a quantitative eheck oI thi~. assumption, 
\Ve computlOd the densit y oí the blue filter for blu e cone receplors, utiliúng lhe 
average luminosily curve prescnted in Figure 1. The dcnsiliy was found lo be 
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0.5:-1. Wc IllU~t {lIso rcrnem ber ,hnl Ihe neutra] fillcrs used during Ihe blue ligh! 
durk adaptatioll test have ti diHercnt t'ffcctive density fOf bluc cane reccptors 
thul! fOf pcriphcral rod reccpto rs. lt is pos~ible lo allow for Ihis cffect by com
putalion. AIJow8nces for this dfcct, and for Ihe bluc cone dcnsity of lhe bluc 
filt er, have been made in Ihe blu c light adartalioJl date oht ained during Ihe 
finl scvcn minutes. Thc carreclcd data are ploued in Figure 6 as closcd circlcs. 
The blue light dala now fall somewhal aboye Ihe whilc Iight data, indicating 
Ihat lhe recepto rs responsible for Ihis po rtion of Ihe dark adaptation process are 
somewhal less bluc-scnsili vc Ihan Ihe blue eones . It ís perhaps most reasonablc 
lo suppose Ihal bolh bluc l:ones alld rods are involvcd ínthe adaptatíon process 
during Ihe firsl seven min utes in Ihe dark_ The dislallcc uf lhe while fighl curve 
fT om lhe dottcd and Ibc dashcd bJue lighl dala presumably reveals Ihe relalive 
contribution of Ihe rods 3THI blue eones al vario uso momeuls. I n general, Ihe 
bl ue eones have Ihe lurgesl rdativc effect do ring Ihe !irsl three minutes, as 
mighl he expeeted. Frolll Ihcse dala il seems safe to aSSUJIlC that " roveal" dark 
adaptation represen ts the joint action oI blu e eones -and rods., wi th Ihe bluc 
cones predominating during lhe !irst Ihree minutes., a nd Ihe rods euntributing 
with increasing significance, unlil after seven minutes the fu ntion appears cntirc· 
1)' depcndenl upon ruds. 
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There is one Slllall laek of consislency in our ana lysis which has no! as ye! 
been poill ted out. The IUlllillosit y dala shown ill Fi gure 3 \Vere u5ed lo demons
trate thal foveal rod photo n'eeptors no nol huve Ihe el E seolopic funclion, h ut 
ralher a modificalion of this fu nct iotl d ue lo the absorption of macular xantho
phyll. 11 \Vou ld sel'm n :.lsonab le Ihat \vc shou ld use the Illodified elE ~olopic 

func tioll in cO lllputill g thl: e ffeclive dl' llsi ty uf Ihe blue filler used to adjust the 
blue li ght data of F igu re 6, ralher Iha n Ihe elE seolopie fun¡;lion wllich \Ve used, 
sinee ti\(' palienlS Wt' re supposed to he using rovea l fixalion. The e~ fective densi ty 
of Ihe blue filtpr for Ihe el E ~,:::Olopic function mod ifie(l h~' .. 7 cOtlcenlralioll 

of macular xanlhophyll is 1.67. This mcans Ihal ¡he blue Jighl dala should all 
be lowered in Fig ure 6 by .22 log units, if \v(' assutlle Ihat fovl'1Il roJ s are in volved. 
1I is apparenl thal Ihi s adjustnwnt \ViII marhdly worSCn lhe agrct'1ll1'1I1 [¡clweell 
Ihe bl ue and white ligl lL duLa obla irll'd a(ter SI~ve rl minu Les in Lll(' dark. It appeurs 
thal Ihis i(lenlifi es Ihe reecplors responsible for the later part of dark adaptation 
as pcripllcral ruLher thun fovenl rods. Or more preeisdy, iL :l ppears Llml lhe rods 
responsible for adaptllt ion following selle n minules in Ihe dark lIre nol overlaid 
\Vilh an y appfeciablc amou ll t of macular xanLhophyll. This prohably mcans th!ll 
Ihe patienls shi ft ed Iheir fixation towanl the peripheral rel ina during Ihe lalter 
phases of dark adaptati on. 

D!lrk adaptalion measurements were also made by th e patients, uLiliúng pe

r ipheral fixation. A ~,i(( gle fixa tion [1o inl was provi(lcd which was scparaled by 
15 (legrees frolll Ihe cenler of the lest lighl. The fixation ligh L \Vas located to Ihc 
righl of tlJe tesL ligllL alon g Ihe hori zon tal m~> ridian. Wi th binocular fixal ion, 

lbe lesL light fell on the blind spOI in Iht> IdL (ye, and upon Ihe lemporal retina 
of the right eye. This proced ure has thc ad Vl.n tage that the palients use binoculu¡' 
IixaLion, which \Ve have fo und more slable in Ihe dark Ihan monocular fixation" 
withoul havin g the disad vaJJlage of our using 11 binocular peripheral test. ( h j ;; 

noL ulleommoll for Ihe two ,.I!'riphera l retinae lo vary considerllbJy in sensili vity, 
which produces a rulILer ambiguous t ,,~,t rcsull. Our fov eal Les t \Vas o f eourse bi
nocular, bul \Ve 11lIvc nol fo uml thl're lo be importan t sensitivily dif[ercnees 
bel wcen the two fove al rel inae) . Tlle subjt:cts mn LinualJy adjusted Ihe periphe
mi sLi mulus lo thresbol(l, car('~u!ly looking at ¡he fi xat ion li gllt. Thcy also aclju s
led the inlensit y of Lhe fixalio!l lighL from li mc lo lime lo maintain it aJways 
clearl )' visible without alJo\Ving it lo become b ri ghl cnough lo produce a delele
rious d fe el upon Ihe visibi li ty of Lhe LesL 11gllL 

The dark adaplalion curve obtaine(l wilh whi te l¡ght is prescnLed as Ihe solid 
line in Figure 7. For comparison, d ata on 13 normal subjecLs are prerented as 
Ihe dashed lin e. Unfortull:'llely Ihe dala are nol cntircly comparable sinee thc pre
adaptalion luminancf': was 1078 fool ·lam berts for the normal subjecIs and 1280 
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fo r Ihe palients. Ancillar y cxperimenls suggesteó Ih al Ihis (Iifference in pre·aclap. 
tation lumill allc~' shouló huve oll ly a ncglig ihle e ffecl 0 11 the data. It should be 
noted that peripheral dark ndaptation duta ver)' so mucll frolll individual lo in· 
di vidual Ihal Ihe palienls' dark a(bplll li on curve may be wi lhin normal li mils. 

The ehange in slope evidenl in Ihe p¡¡ticllls' data suggcsts Ihe Iramil ion from 
one lo a sccolld receplo r mechanisrn. In [aet, v.o rious authors have eoncl uded 011 
more basi;; Ihan Ihc ¡¡ppca ra nce of IlIis curve Ihat rod and cone pholoreceptor 
SyS\cl IlS are funeti oning during Ihe durk ada!Jlali on process. As wc shall see, 
Ihis conclusion is nol correcto 

To identi! )" IIIt' rct:cl' tu rs opcraling during (Iurk adaptation, we IIlca&ll rcd 
¡¡daptalion wilh a bluc test stimulus, ~s befare. The bluc lighl dala \Vere iniliall )" 
cOl"recled by tht: e lE scolop ic fu nlion on tl ll' a~UJllpl i oll Iha l pcripherul rods 
Wt:rt' il1\'oh'ed, and compnrcd with the ",h ile I¡ght data. Thc results a re showlI in 
Figu re 8, whl, rt: Ihe corn~ctcd blue lighl data are rcprcscntrd by Ihe dashcd linc. 
W(' consider Ihe agrcemen l belwccn Ihc 11'0'0 cu rves lo bc 4uilc good over their 
enlirc eourse. This lllcam; thal Ihe receplors rcs-ponsihJc for lil e entí re coursc, of 
pcriphcral da rk adaplatioll hav!: the wavclenglh sensilivil y or peripheral rods. 
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The two curves in Figurc 8 agree in exhibiting two segmcnts wilh a change 
in slope after sorne five rninut!'s in the dark. We eannot interprel this as due lO 
receplor syslems of differenl wavelengl h setlsilivity, ~·itl ce Ihe curves agree 
throughout. We musl speculate that Iwo r eceptor systems seem lo be operative, 
with the same wavc1ength sctlsitivity, but wil\¡ a diffeeenl filI e of dllek adaptatioll. 
'fhere may be Iwo photosensilive pigments with differenl regenerativc dynamics. 
Or, Ihe two receptor systems may diffee in lerms of Iheir neural connec(ion s. 
Receptor... fUll etioning primari ly through polysy naptic Ilcura[ Ilclworks may 
adapl ata diHceen! rale from n:eeptors {ulletion illg primarily Ihrough direell y 
eoupled IIcural IIclworks. Further research may we\1 be expccted lo provide a 
basis for idenlifying ¡he csscnlial Ji ffcrence bdween the ~'ystems responsible íor 
Ihc two €cgments oí Ihesc curves. It is inlcresting lo note, of cnu rse, Iha! there 

is very little evidence of ¡wo similar segmenls in the peripheal Jark adaptation 
funetions oí the normal subjccts. 
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"o,Fig. 8. Comparison of 15" pecio ,,pheral dark lIdal'tation da. ,,la obtuined by lhe Ilatients ,
.... ilb ",hile and blue tesl \,lighl5. , 
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We can rej t..'Ct the idea that ¡hc reeeptors responsible for ¡he peripheral dark 
adaptation cu rves oí Ihe palients are rods whose scnsitivity has Leen modified 
by macular xanthophyll. As before, if we assume whal we have ealled fo veal rods 
lo be respollsible for ¡he adaptation curves, we must adjust the b luc light data 
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dowllward by an addit ionaJ .22 log unilS, which wilJ dcarly worsen the agreement 
between lhe blue and white light data . This result conforms lo what might rea_ 
~ollably expect, sinec lll ere should 11 0 1 be an)' mac ular xanthophyll at a localion 15 
degrees from the fO VNI. 

3. Visual acuily measuremenls. 

Visual acuily was llleasu red at differenl lurninance Ieve;'s, utilizing a letler 

churt and projected illumination, which eoul(1 be varied in levcl by lIleans oC 
neutral filters. The charts ul il i7:cd in vol\'("d lcttl"rs dcvcloped by Sloan (ReL 20). 
The subj ects hand-held a 2 mm. artificial pupil ov[:r one eyc, the olher eye being 
coven;d wilh a Iranslucent patch. He walke(1 loward and away fmm the charl, 

until a givcn criterion leller was considerl'd lO be jU5t f[·so lvable. Tbe leller sclec· 
ted was K. By seleclioll of a sui lable si~,e letler on the Sloan ehart, the subjeets 
were usuaJly prevented Crorn having to approach lo k ss tha n 5 feet from the chart. 
Thrcc measuremenls were llla(le ¡II a given illUlllinatioll level, then the levcl was 
changcd and Ihree new settings were made. Mt"asurerne nts wen: usually made 
at fuminance levels which were gra(lually reduce(1 from highe~1 to lowesl, Ihen 

a scconJ set of measurements were made al lumi nance al luminance levels gra
duaJly increased from lowest lo highest. LUlllinanee Icvels werc studied in 0.5 
log unit steps. Values of retinal iIIuminancc were eompuled on lhe busis of the 
mca!:'ured luminanee of the test cha rt and the arca oC tht, artificial pupil. 

Dala for the palients are pre~ented in Figure 9 for white light allumination. 
Eaeh palienl had been refracle(1 in lhe Deparlrneut of Ophlhalmology and wore 
lhe inclieated opthalmic correction_ No eorrections exceeded three dioptcrs, For 
eomparisou, J ala 011 Iwo norma l subj ecl!:' are also prel;Cnled. These Jala exhibil 
the change in slope usuully att ribu ted lo Ih e operution of rod und eone mecha· 
nism!:' at differenl luminallecs. Nole thal whereas lhe pati ents and Ihe normals 
have essen tiaJly equal ltcuityat illuminance level& bclow 0.1 trolands, the acuily 
of the patients faUs far bclow normal at higiu'r IUlllinances. The lllaxilllum aeuity 
achieved by the patienls was 20/ 63, whercas the normal subjects reached un 
aeuity oí 20/ 16. The ehange in slope oí the aeuity fundio n of lhe patients, which 
occurs at ahout 20 trolands, is particularly interesting_ 

Aeuity was !lIeasured also with bluc light , in o rder to explon~ the úgnifieance 
of the duplex nature of the aeuity funct ion and to idenlify lhe receplors respon . 
sible for lhe two Sl"gmenls. The Wratten N9 47B filler was eilher plaeeJ in lhe 
projector or hand-held by the subject. Measurem enls were firsl mude lo illves
tigate whelhcr 01' nota ehangc in oplha lmic correelion should be made to com
pcnsale for possible effects of ocu lar chromalic aberration. Perhaps because of the 
reJueed aeuil)' of thesc patienls, il was not jJossible lo show any improvcmcnl 
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111 the aeuity funetion measurefl with blue ligil! when changcs in the ophthalmic 
correction were use(!. Hcnct', 11)(' pa tient s' usual opl halm ic corrections were 
1I'0rn. 

Tlu; ·acu il )' duta oohlined wilh b lue lig ht aft' p lOLteo in Fi gure 10, togethcr 
wi th the data obtain{'(1 with white ligll\. It was in it ially assumed Ihat peripheral 
rods. were rcspollsible for the aeu ity data overa l!. Acconl ingly, thl" hlue light aeuil)' 
data wcre ad justed along the re tin al iIJum in3nce seale to corrcspond lo a (Iensit y 
of 1.37 for t1l(' blue lilter. (This density was eOlllpu ted 011 the uasis of the elE 
seotopie funetion. lt differs frolll the val ue of 1.45 fl'po rted in eonncction wilh 
Ihe dark adaptatiol1 dala lweausc n f a diff-c rt 'nec in the radi:lI1 t em ission speetrum 
of the light sources useo in the Iwo cases) . 

It is apparent from Figure lO thal Ihere is exceHent agreemen t uetwcen the 
whik li gil l alld th e correcte(1 bl ue li ght data up a II'v!'1 of 10 trolands, Abovc thal 
leve] , the bl uc ligh t data faU s)'s tem ati eall y .:tbovc Ihe ",hite light curve. 

The blue light data takcn alone shuw e,' idl'ncc of a small ehungc in stopc at 
a bout the 10 trolan ds leveL Accord ing ly, it was assullled that the data fo r il lumi
nances below 10 trolands are prod uced uy Oll!! receptor sy51c lIl , Ihose above 10 
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trolllnds IC\'e! bc iug proóuccd hy o SC'cond s)'slem. Thc agreemellt bd",ccn lhe 
while ond corrf'C lcd hl ue Jighl dala Iwlow 10 Irolal1{!S idell li [ies Ihe receptor:;; 
systc-'m rcsponsible fo r Ibis porlion of Ihe acu il y funct ion as pcriphernl ro(!s. 

We nexl supposeo tbol Ihe upper reclioll of lhe ucuiLy funclioll was produced 
by blue COIICS. This assum plioll was 1e;;lcd by adj uslillg lhc bluc lighl acuil )' dala 
al IC \'cls aLove 10 trolan(ls lo cor respond lo n d t'nsi' y of Ihc' NQ 478 filler equal 
lo 0.53, computed by uliliún g t111' bluc cone IUlllin osi ly fundiun shown in Figu re 
1. The poinls so adj usle(1 are show n in Figure 10 lo agree hel lcr wilh Ihe while 
ligilt dala lhan Iwfo rc. Thi !!p result probabl)' juslifies our a;;su lIIpt ioll Ihal blut' 
cones a re responsi blt, ror Ihe upP¡'r scgmcnl (J I lhe acuily curve, a hhough agre
mcut is in IlIi" eU5e sO lllcwhnt less eo nvincing Ih as in Ihe ulbcr in slanCt'" repo r
11'<1 here. 

The fael thul Ihe co rreclt'd bl uc light data po irl ts feprescul h igher tlcuil y Ihan 
lhe whi le light dala may bc intl' rpreled as folluws_ Rods nlllr well Ilormally 
" inh ib il " bluc cones, at illum inanec h'vc!s nt whieh the Iwo recepLor s}'~{ cms pos· 
ses nearly cqual scnsilivi t)', Tht' presenCl' of Ilris inhibition can explai n the (leep 
eusp fuunJ in tll\' white light aeu ity data . Use of Ihe blue fi ller llI inimizes the 
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role of peripheral rods wilh respect lo blue eones. Wilh bluf' lighl, Ihe aeu ily 111 

Ihe region al which Ilw blue cones are operalive is thcrcforc enhanced. 

This expJanalion gains credencc through an addilio nal fact. The palienls re
porll~d Ihal Ihe use of Ihe bJue filler removed "snow" írom Ihe acuily task. This 
" ncural noise" could be produced by rods stimulaled lo Ihe poin! of salialion. 
Allother gcncraJly confirmalory fael is Ihal Ihe acuil y fundion obtained in bluc 
light fai ls to show Ihe deep cusp exhibited so clea rly in Ihe aeuily dala obtained 
wilh II'hi le light. 

As in Ihe case oí " foveal" dark adaplalion, we find Ihat we cannot accept the 
view thal acuity al low lumin3nces is due lo whal we have called foveal rods. lf 
Ihe Llue lighl Jala are correded on the assumptioll thal the seotopic luminosity 
curve is modified by the prescnce of macular xanthophyll, Ihey must be moved 
lo Ihe left by .22 Jog units which greatJy lI'orsens Ihe agreelllent betll'ecll the white 
and corrf'cted blue light data. Thus, we musl eonclude thal our patients performed 
Iheir acuily lask at lo\\" IUlJli nanCl~ with rod reeeplors unaffeded by macular 
xanlhophyll. This presum¡¡bly meam· thal Ihe patit'nls used eccentric fixation 
duri llg Ihe ·acuily llIeasuf(~ llle nls alioli' luminance. 

SUMMARY AND CONCLUSIQNS 

Our invesligations have led lo Ihe identificat ion oí a blue cone reeeplor me· 
chanism never before found eomplete\y in isolation . As will be shown in a forth· 
coming publication, (Reí. 19 ) Ihis JIlcchan ism dosely rescmblcs Ihe hypothetical 
bl ue mecha nism inferreo fmm color mixture data and the blue mechanism ¡sol
·alcd í unctioll ally by seleded eondition& oí observal ion. This finding certainly' 
emphasizes the value of psychophysiological sludy of clinical palients for Ihe 
deve\opmenl of visual Iheor}'. 

We have also isolated whal we have ealled fovea l rods, ¡¡nd shown Ihal the 'ae
tion speclrulll of this receptor syslem is modified by Ihe absorption spectrulIl of 
macu lar xanlhophy lL We ha ve aJw sholl'n lhat lIJe action spcctrum oí various vi· 
sual functions ca n be used lo identify lo some cxlenl Ihc fixal ion utilized, sinee 
the action spectra of fovea l and peripheral rods are suHicientl y differcnt for 
differenti at ion lo be made helll'een ¡hcm. 

We have shown Ihal ch romatic discr iminations can bc made with a dichro~atic 
color syslcm bascd upon blue eones alld foveal rods. Tbis demoslnllion that 
chromatic discriminations are no! rcstriclcd to cone photof(~eptors is arsa impor
tan! to color \' ision Iheor}'. 
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\Ve have shown Lhal b]ue cones and fovea] rods can summa tc their ]uminosil }' 

conlri buliolls, al leasl undcr eondiliOlls in II'hich Ilw con lributions made by the 

Iwo systems are of approximaldy cqua] magnitude. 

We have sholl'll Ihal "fovea]" dark adaptatioll in Ihe paticnts sludied eunsisls. 

inilially of otlllribulions of blue eollt:s and rods, bul Ihal ¡¡eriphera] rods are res· 
pOllsible for adaplalion after sevel1 minutes. In periphera l dark adaplalion, [here 
are Iwo seis of periphera] rod rcceplors wilh differenl time eourses of adaplalion. 

In aeuily al low luminance5, our pati Ellts u~ed pt:riph cral rods. Al hi gh lumi

nances, acuit}' is medialcd by bluc eones. Al inlermedinte luminanees, acuity is 
medialed by blue eones and rods, and the rods appear to reduce Ihe acuily which 

olherwise be possible with Ihe bluc eones, perhaps by creatillg "Ilt:ural noise" , 

The complex wa}' in which the patienls prcsumably sOrllctimcs u5::d foveal and 

sometimes p(>Tiphcral rods, in spite of OUT best eHoTls lo control their fixation, 

suggesls tha! future effots should be made lo record the preche loeus of ocu lar 
fixation during various psychuphysiological mea5urelllcnts on patients of Ihis 

typc. 

Columbus, 11, Ohio 

REFERENCES 

1. 	 FRANCOI 5, J., ancl G. VERRIEST, Con!ribution A L·c¡ud.., De, Dyschromatoll8 ie .. 

Co"genitales A Symp¡ome, Intcrtncdiaircs Entre Ceu" De~ Sy~t¡'mes J)it:hromati(llIe. 

Cla,siqu~s El Ceu" De L'Achrnmalopsie TYlliquCl; Ohsen'ation l'enoneJle Et Revue 

De La LiUerature. Annales D'O"ulistique, 192, 81·120 (1959). 


2. 	 SLOAN, L. L., COII @:e nital Achronll'lop~ia: A Rc!,orl oi 1~ C"ses. J. 0111. SO". Amer., 

44, 117-128 (I95 ,~ ) . 


3. 	 JAEGER, W., Tn'en Der Inkom!llctten Adlroma(opsie. Ber. "Irh. ophthal. Ge~., 58, '. 
44·.17 (1953). 

4. 	 BLACKWELL, H. R., ancl O. M. BLACKWELL. "'Blue Mono.cone Monoehromllcy": 

A New Color Vision Defect (AI,strart ) . J. Opt. Soc. Amer., 47, 338 11%7). 


5. 	 HSIA, Y., and C. H. GRAHAM, SI'ectn,1 Luminosity CUfve~ fOf I'rotallollic, Deuler· 

anopie, "nd Normal Suhjecls. Proc. Na\. Aead. S.-iences, 43.1011·1019 (1957l . 


6. 	 HSIA, Y., S. HECHT, and S. SHLAER, The A(·utiy 01 Dichromals. Pp. 1. Proeeed ill ~;; 
of a Symposium on Ihe Present S¡alu. 01 FlIndllll.entl,1 Hc~ear.·h in Vision. Offire 01 
Naval Resen n'h, U. S. Navy (1950,. 

7. 	 BRINDLEY, G. S., Th" efferu on rolo r ~'ision of "d"I'I"lion lo very bright [ighl,. 
J. Physiol. (London ), 122, 332·350 (1953l. 

8. 	 PRITCHARD, B. S., The D"sign "lid Calibrat;on 01 a S,".wtral Com¡oaralor lor 

Measuring Vi~Ulll Lumino, ;ly Funo:t;on;. Univeroity of Mich;g~n, Engineering 

Reseateh Insl itute Rcporl 2144~¡36·T, Pp. 35 (l9S8). 


9. 	 BLACKWELL, H. R., and O. M. BLACKWELI., Lumino. ily Funclions Ohl,,;netl w;th 

Differen! MClhod, ""d Differelll Viewilll! Conditions. UnivHr. ilY of Mi"hig"n Rese"rch 

Instit ul e Report 2144..344·T , PI', 17 (1959). 


93 



11. IUCHAIHl III.ACKII'U.L -- O. ,\IQIITE¡,:SON UI.¡\.CKWU.L 

10. 	 VAN HEEL, A. C. S., Correft¡ng lhe Sp herira ! nnd Chromuti,· Aherration of Ihe Eye. 
J. Opl. Soco Amer., 36, 237·239 (l'J..6~ . 

11. 	 Procccd ing, of th e 12th Session, Intcrm,tion ul Commi~,io" on II!nminulioJl , Stockho]m, 
1 9.~L VO],{Ill,) 1. 

12. 	 WALD, G., H .. "",n Vi"io" ""d Ih" SII"o:trum . S"i~nee, 101, 653658 ( IH.'i ) . 

13, 	 MacLAUGHLlN, S. C., Jr .. Ao Automnti.· Reconlio~ Vi"n,,1 Ad,,!,tomcter. J. Opl. 
SO". ,\mer., 44, 312·31-:1 íl954~. 

14. 	 HECHT, S., Rod~, Conc~. "",1 Ihe Chemi",,1 13" ,; is of Visiono I'hy.io l. Re".• 17, 
239·290 (1937). 

l~. 	 HECHT. 9., S. SHLAER. E. 1.. SM lTH . C. H,\IG, "nd J . C. PESKIN, The V¡"ml ] 
f"n"t¡ons of Ihe Complete Colod.!ind J. G~n. I'h}"siol., 31, .J.59·.J.75 (]9.J.8). 

16. BROWN, J. 1.., Be\'i"", of Ihe Cooe·lo·]{o'¡ nutio A" H Spc,·ifi"utioJl for Lighling 
Syslcms. lllnmin. F.n¡:. N. Y" 51, 577·584 (1956 ) . 

17. 5 LOAN, 1.. L., I'hotol'i,· Rucl'lor.; of Ih e Typi,·" l Ad,ro",,,t ( ¡\holr",·t,. J. 0,,1. So,:. 
Amer., 47, 1().~2 ( 1%7) . 

18. 	 BLACKWELL. H. R., and O. M. IILACKWELL, "Bine Mono·Conc Mono,·hrOIll3'·Y"; 
ComllUrisons ", ith Rod Monodlrom<lcy ( AbOlraN). J. Opl. So,'. Amer., 49, 499 (1959). 

19. BLACKWELL, H. R.• und O. M. BLACKWELL, Tite Blne Con!! Sy_lcm J,ol"lcu ¡n 
AIY¡lical Con!!enil"] A('hroIlH,lol,~i¡, ( ~ "Iomillc'¡ lo Ihe J. 0,,1. Soe. Amer. i . 

20. 	 SLOA N, L. L., W. M. HOWLAND, und A. ALTMAN, Comparison of three T ypes of 
Te,. T¡,rgel for th" M""H,remelll of Vhual Ae uit y. Qu¡,rt. Re" . Ophlh"l. 8, 4·16 
(1952 ) . 

94 




