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HECBANISUS Ifl PERIPEERÂI, DÀBK ADATTATIOIT.

by

![..4.. Bouúen.

Researoh Unlt for ObservatLons

- Besearoh Counoll of the

Introductlon.
Probably und-er the visual functlons the }lgb,t anit

the dark ad.eptation a're the most extenslvely stud,ieô¡

eepeclalJ.y by the fact that varlous aspeote of the phy-

elologloel contlition of the subJeot ir¡fluence the beha-

vlour of thege functlons less or more slgnlfLcantly.
In d,etell, for lnetance, ott*,ite A ùeficlency 1n

thelr early stagee beooroee a¡rparent 1n this behavlour,

Juet as a cllnlnlahlng of the ox¡--hemoglobln arnount of the

blood, by resplratLon of polsons like carbon mono:cid-e or

of air wlth d.ecroased preÊeure or cl-ac¡easeô partial pres-
sure of oryg€n.

3y thls reason this vlsual funotion is more extensively
ueed. for tllagnosltlcal purpose ln o1lnioa1 practlce.

fn aplte of the consld.erable a.mount of work on adapta-
tlon phenomenê only Ilttle iloflnite is known ooncerning the

neohar¡ls¡bo of llght a¡rd. clark ad.aptetlon. In etud.ylng the aveLlable

ILtteraturer it proved, that moet quantitative theoretical
explanatlons pertloularly on the rrklnetlos " of the aclep-

tatlon d.oes not go nuch further than a mor6 or lese foun-
tlated, speculation on afnure photocbemioal orlgln of adap-

tatLon whereas some authore stretohed. atte¡rtlon to phenonena

ln a qualltetive way whloh oan only be explained. by nervous

fecto¡s.

r) tlampweg l, Soesterberg.

of the N¿tlonal Defenae

Netberlanils.
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i{e tlo not lntend. to give a revlew on thls subJeot

but only preeent introd.uctory Iemarks and' oonslòeratlone

lmportant to polnt out tbe quÍnlessence of our lnvestl-
gatlons reported below.

Rocently a few excollent reviews appeered fron whlcb

we mention thoso of Shearcl 1 ) , Hartrldee 2) and- Jayle anð

ourgand 3).
The pure photoohenloal theory Lntrod,uced and. exten-

sively explored by Eecbt 4) Uas the great attractlon that

1t prosents nrathematloal relations between the various

varlables ln oonsideretion. There 1s a general agreement

betwee¡-r most lnvestlgators that the conoentration of the

actlye photocliemlcal rnaterial ln tlre receptors must be

d.éscribed. by the mass actlon law introduced. by Hecbt for

vLsual problems..

Eowever when it is provorl that also nervous factors

oome Lnto play the fowrd-ation of the \ypothqsls of l{ecbt

acoording to rvbich only the photochonistry of the rec€p-

tore d.etermines the vlaual functlona concerned must be

correc.bed.. For the posslble activity of various compo-

nents we had, alread.y indlcltlon from our recent inves-

tlgations on the contrast threshold. !16) just as from the

stud.y of Rose 7) of this visuaf function'
ltvtd.ently ¡rhen ïhe state of ailaptatiorr of the one

eyeaffectathlsoftheoppositeone,t}reinfluenoeof
a norvous factor 1s shown conclusiveiy'

opt. soc. ,Iu'r . 34¡464 Qg+q)

Recent Ad.vances in the Fhysiologl¡
1)

2)

l)
4)

5)

6)

?)

C, Shearôr J.

E. Hartrld.ge t
of Vlsion, Chr"rrchll I

Lonòon (rglo)
et ses troubles, Mass<

Paris (rg¡o)G.E. Jayle et À.G. Ourgaud', La vision nocturne

s. Eecht, Physiol¡ Rev. L7¡ 239-290 (rg¡Z)

N.A. Souman, J. opt. Soc. Am. 4or 82, (fglo)

M.À. Bounan, J. Opt. Soo. lvm. 4?-t (fgÎI
A. Rose, J. opt. Soc. Am. 36r 196 (fg¿A)
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Ot¡¡ ftnctinge 6) fn thls respeot agr6e nalnly wltb
these of llanclelbaum 8). r¡r our papo¡ 6) we reported. ,¡€a-
au^rements of tbe abeolute tb,rechord of the clarkad.apted,
rtght eye when the left eye was gtfunurated. by varioue
aôaptlng brlghtnesses just as dtulng lnterruptions of thls
ad.aptlng fleld..

' Frorn these d-ata lt was concrud.od. that the etate of
ed.aptatlon of the one eye is not affected. by the rlght

' hietory or actual stlnn¡railon cond.itlons of the opposite
eye excopt for very high aclaptlng brlghtnosoes.

îhese vory intenslve stlmulations can be consldero.
as I'inad.ecluato" ar¡d- possibly tha rise in absolute th¡esho1d.
¡nentlonsd- c¿l,n also be echrevecr. b; vory i¡rtenslvo noises
or extreme stinulttj.on of other sense o¡BanÈ.

anyhowr tho ind.e.¡roncrence of the¡ states of aciaptatlon
of both eyee under normal conc'-tione is frequently used.
in'every d.a,y practlce fo¡ the ¡reservatlon of the d,a¡k-
adanted' state by ol0sing one of the oyes so that thls eye
remalns or becones d.arkad.apted. wirile perforrning e vlsual
task wíth the oppositc eye.

0'r concrusion 6) was based. on rìleasurements for whr.oh
both by ad.apti*g fier. an. test spot rod.e or cones were
stimulated es werl as for rod.s stirnulated by acrapting
brightness, the th¡sshold. being ileterminecr for conesrand.
the reserve.

The independ-ence of the states of ad.a¡rtatíon of both
e;-es rloes not nermrt the oonclusion that no nervous factors
are acilve in ad'apùation phenomena foi. ,ad.equate" brlght-
nessgg.

The rise in th¡eshold of the one eye by stimur.atron
. of the opposlte eyo by very high illnadequato,, brightnegses

evld.ently is of r¡ervous origt'. rt proved. that the beha-' vlc,r of this ri.se i¡r terme of the <i.epend.ence of it ¿s
a functlon of flashtrme and. visual angle of the test spot
is d'escribed- by a ¡lso in the minimal nu¡nber p of, quanta
that must be effectively ebsorbed. in the r.eceptors in
ord.er to peroerine a fl_ssh.

B) J. Mand,elþ6,,m, Â¡ch. Ophth. 26, 2o3 (tgql)
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Dy thle teeson we stud.ied, wltb the aid. of nea6u¡€_

Esnts of the absolute tþrebholclg as I functlon of tho eløe
of thê test apot und.er varioilË ad.aptatlonal cond.l.tlsns
whether tbe reoent guanta theoreticar apeouratlons Bre
of lnportanoe for tbe 6) d.eaoriptlon of aùeptatlon phe-
DÖlIt€D8r

Beslèesn it wae cheoked wbether the rïulta of thls
etu{y w111 Leacl. to e still better converg€nce between
experimental d.ata on contrast throehold.s and the quanta
axpLanatlor¡ of 'them 5).

ïn tbe ff¡xt soctlon we prosent tb,e measurements,
wbereas in the follorving perts they are dlscussed. with
respect to their significance for a theor-etical syntheels
betvreen various aspocts of ilro visual functio¡¡s.

Tbe experlm?nts,
In a provious papor 5) r¿e clesoribed. in d_etalL the

ex.perimental arrangement nrith which the d.at¿ are obtalned.
, Each 3 seconrls the a,d.alting flelei inclder:t ín the
obeerverrs rí¡r,ht eye vr'as interrupted_ Or5 eocond_s. fhe
acla¡ting circlrlar b¿ck¿;rour--d- subtend.ed. 3-! ¿egrods of the
vtrsual field. and. was nloJected. wlth its oentre ?o neeal
fron the fovoa reall.zeJ. rvith the aiû of a rveak rcd. fLxa-
tlon point observed. with the rlght eye. An artificial
pupii 0rl rul in size was used..

During the intemuptlons 
/ = O'OS , OrlO ) Or2O ,

and. c¡40 seconcls after tlie beginning of tirese ilie absolu-
te tbre¡¡holds were moasurod. for slzes of the circrrlar test
spot frárn { rrinutes of arc to I ,regz'ecs and. for flashes
lasting oro2 second.s. The fl,ashes rvere :rrojectecl vith its
centre 70 nasal from the fovea in the z.ight eye.

This was d-one for various brlghtness values of the
backgrountL and. for the four posslble combirrations of rva-

velengths of ad.apting ffe1d. and test spot when light of
65oo ao and. 5250 lto ie used..
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Ât the beglnnlng of each eesslon tbe eyee of the ob-

s€rvel were ôarkadaptecl for half aJr houl' Each threehold'

ras.letermlnett.afteraperiodlofobaervatlonofthelnter-
mlttentailaptingflelôsufflcientlylonglnord'ertoreaoh
a steacl¡r clrance of observatlon of the teet flasb clurlng

the interruPtlon-
EacbcbarrcewaBobtained.withtheaicl.of20-30

preeentationsofthetestflasbundertbeparticularsitua-.
tlon of elze d', valuá of /" *ù intenslty ã ot tb'e flaeh'

.(
The threshold- T*,/" *nttn we òefinetl as the flash ln-

tenslty for which tho chance of being observed Le 61rt

wae foruld. by inter¡olation betveon 3 to 4 ¡neasured' chen-

006 sti.rrounùi-ng the 60rí value '
In tbe figures 1 - 4 w€ present the results'ß6O'Í,

is tbe tot+l averü,6o nuinber gf quan'ua incid'ont ín tbe

eya of tl¡.e. test flashes, I i" the arorage ntu¡ber of quanta

lnold.outirrthceyeDroseoond'and'nroa¡easubtanclinga
vlsual an5le of 1o-3 radian frorn the acl-apting fieiò' 5

isthebrightnessofthisfie]d.inr'iillilarnbertscorles.
ponùingtotireillunlrra,tionof,tlreretir.arvlrenthtlpu-
pl1 has the const¿rrit size of 2 mm'

Itseemethatasfarastirede¡ende¡rceoft'ìreabso-
Iutethresho]d'onthesizeoftbetestobjectisconcerned
the aùartational influence of the adaDtiri6 fieicl aPfears

in throe asPects:

1 ) the re5ion of ô

indepen.i ont on d,

values vrlthin v;hich .ìíccors law,

ie valid- ,-lecroases rrith l-noroasing
\ot
n arrcl tJ.ecroasiti¿ /'/

2) The slope åf tn" cu.rve replesenting ì'lnOX as :

fu¡otiop of d. for d- large j-ncreases with increasing r:
2

and decreaaing / 
fror'r f soi ? 

o 
-*.: 

fÍ"; 
- 

d"
r) Tne comoÍute curve genee'ally shifts to bigberl) The comp

vaLues '''rhon I increages or / tl-ecrsases'

For each of the parttcula4 casee¡ from the figures

1 - 4 t'he three aspects have their spocial welghte'

Incleeùforgreentestffasheethed'ecreasesofiìlaooIs
reglon is consld-erable, for reù ones thls aspect is hard'-

ly ¡resent. Ior green flasbes the amplltudo of the SeneraÌ

ebtft to higher values exoee¿s thls for red. fieghee.
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In
reePeot

nel5fous

tbe next seotlon we ôlsoues these

to a quantltatlve analYeis of the

antl Pbotoohsmical meohanlsme'

phonomena wlth
varlous Poeslble

Îbe lnitlal aot for the visual sensation Ls the ab-

eorptlonofraèlationtnthepbotocbemicalmaterialoftbg
reoeptors. obviously the sensitlvity of tbe eye for light

of a partioular wanelength wilt depend' on the amount of

thte materlat that ls avallable for the vlsual oycle oo

that a tLlninlshing ln tbís smount w111 result in a gpne-

ral shtft of thresboltl values to a Ìrlghor IsveL From oon-

aideratlons given bsLow it w111 be alear tbat a shift men-

tionecl oan also be due to a norvous faotor' In the re8€ne-

ratlonofthephotoobemlcalmate¡l¿}d.ooomposedbytheab-
gorbed. light, vitami-ne À le ind'isponsable p)' dvid'ently

tbe lnfluence of vltamine A d'eficlency on the behavlour

of absolute thresbolds Ls of photocbenlcal origin'

It is generally accepteô that tho fundamental oause

of tbe validness of RLocors law ln the reglon of smaIl d'

valuee must be the lntegrate oapaclty in space of the

nqrvous systom oorulected witb the enô organs as far as

thle regíon exoeeôs tbe size of the lnd'ividual reooptor'

By thls reason one is inclined' to assume that ohanges or

attf"""rr"os in the size of Ricco t s region are due to oban-

ges or dlfferonoes in the properties of the nervous system'

Ind.eeè, there ie a general agreemont between tho va-

rious autbors in conolud'ing that the clifference ln slze of

Ricoors reglons for ¡reripberal rod' and cone vision Ís cluo

to tbe nervous systems connectod witb tbe rod and cones

separately l¡JlABelow lt lriIl be point'oû out that a ùe-

òrecse of Rloco'e roglori oan also be arisen by changes

lntbeoond.ltionsforetimulatfonoftheincrlvidualend.
organE¡.

e) page 395 leg. 3'
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from prevlous work IO TIIrIZ) it proved. that ¡_rnd.er

d.arkatLapted. oond-ltions the slo¡e of the cuxvea representJ-ng

î.Àa aa a funotlon of d. for d. lerge and. as a fr¡nctlon of tovþ
for t large is d.eterr¡ined. by the nurnber of reoeptors
wblcb nust be stlnmlatsd. by the absorption of one quantum

ln orcler to percelve a flaeh.
- An increaee ln ilris nu¡rber wilr- bc apparent in an

inorease of the slopos mentloned. arur ls another posslble
nervous conponent Í.n ad.aptation. rndeed,, vrhen a rece,ptor
ls stlmulatod by one eff'ective absorptlon and_ rnore such
stl¡rulations are necessary for the light perception tlre
number of tb.ese i.s d.eterr.rined. blr tho propertíes of the
nervous s¡'stcri,.

Howevc¡, the increase of the slopes mentioned. can ar-
so be d.ue to a' i-r'"reaso of the nul¡,ber of el'foctive ab-
sorptfons 1n a se¡-'arate receptor recescar.lr for its sti-r¡¡u-
latiori. ti/hr:¡i t-l:.i.r: i s tl;e case it c..a¡- ¡e causcci Lly the fact
that f or tÌre f crm¿tf orr i¡r ib.c receptor of' a reqrri:recÌ con-.
stant anorrnt of' elrergy which is üece¡sary f'o¡. t:.e ¡,;i¡ru-
lation of the n'rve connection of it, the nu¡nber of effec-
tlve absorbc,j quårlta, ¡nust b-- i',crea;gd 0r by tlie fect that
the re'¡r-rired- al¡orr'b of L-i1er&r is 'ot constant; the fi,rr:t
be1n6 of photochtl¡;-ric r1 naì;ur,rr il-r.e sec-r::J. ,lf ttjj.-voirs origin.

Anyhow, the iruräl,er of r-,ossible lnochanisns in aclalrt?_
tion is r-lthcr o;rl.ràTrr¿r;sing. ie ',¿iL1 ¡:.<-iw i'veS iigalte i;rre
merits of the rect¡¡rt ,;uenta tireoreticar- consicreretloiis
'with respect to ilre ''ossi-bi,it¡. to cl,tuc,u tìri: *ctlvity
of the v¡r.rious ¡oer:h¿¡,¡risr.¡s.

iYe know tìra.t es far os t'r: fl.as)..tii;,,i t a¡..1 the vlsual
engle d- d'oes 

'ot e:çceed. runsen - iioscoe rs re¡1on (lr^, in-
d.epend.ent to t) respoctively iliocors regio:., "'"

p.e = f l.f Z.t r,ñ= f,Fln whicb l'fs
eye 1n orcier

10) II.rl.
IL) M.A.

L2) M.A.

the smallest number of quar,ta incid.ent in tþe
to percel_ve the f1ash,

van der Valden, physica tI, l-7g Ogq+) O¡htbalmologica 111, jzl
Bouraan, II.;\, van d.er Veld.en, J.0pt.Soc.Âm. 38, 5?O (Ðqgjf946)
-iìouman, Doc. o¡rhtbalmologica 4¡23 (fg50)
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î1 ls the transmisslon of the ocuLar medla and. rotlne,
î, the fraotlon of tbe quante inold,ent ln the rocep-

tors, that is absorbod. by the available amount of actlve
pbotoohemloel nateriaL in ord.er to d.ecompose it such that
tbe resultlng products contrlbutes to the arisl-ng of a

ne¡v€ impulse 1n the nerve corurection of ihe receptor,
q is the nunbel of quanta that rqust at loast be ab-

sorbed 1n a reoeptor u.nd.er the cond-itlons just mentioned.

ln order that a ,nerve irnpulse in the nÉ.'rvo coruiectlon of -

tbe receptor oan arise,
f- the fraction of the nerve i.mpulses of the recep-5
that succeed.e l-n cooperatio¡r at the synapses i:,¡ or-

to rosu]t in a ]ight oercelttion,
p is the smaLl-est nunbe¡ of such nerve impul;es lvhich

it: a 1i-¿Ìrt ¡ùi'cep-cooporation at the s;.na¡;ses ci]l result
tion.

Taliation ii: r', ar^cì. f', orrl-1, a.fíet:is tÌ.e geireral- energy
level of the absoÌ,^te threshoì-ds:, variatiorr in i', being
of pbotoohonical .;nd in i', 01' ì^e: vours; ori6i;r.

The area aithin u'iilcl¡ the q iiu.anta must be absorbed.
cannot o-.:ceed- the size of one rocoirts¡; for the i¡iterac_
tion of the i, impufses this area Gan co¡iten b' a large num-
ber of recci:tors. irvid-el.t1J- a dec-reasü .uf lìir;cors region
can be arison by a relative iricreage of q compared- with p.

Theoretice.l o'bservatiotis leetl to IO) L1) re)
î.nn c.{,60ß -1.r" 

- 1/N' . d.2(Pq - r)/P'¿ rI
I'rom previo,rs ezporiments we ki:ow lO, 1l, 12 ,l j,l-4)

that for the d-arkacta¡tecL eya for roù vision for t very
s¡n411 and- i'¡ben the iest object covers several- hund_red,s of
rods tho absoluto numbo' of cluanta incÍclent in ilre éye at
the absoLute threshcrd. ls suf'ficiently row to nuke tho con-
cluslon poesible thrt these quanta ¿rre¡ abeorbed. in d.tffe-
¡ent ¡eceptore. r3y this reason f or d.ar.lcad.apted- rocl vision
Q = I ancl ae lt provecì- Fforrl ct¿ tå for t large an¿ rrît60ì1,for d. larg" p - ?.

13) S. Eecht, rl.opt.Soo'.Am. 32r 42 (tg+Z)
14) 81. d.e Vrtee, pÌqrstca 10, 553 (rg+¡)

t'eofr et-) d.
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Slmllarly, for d.arkad'apted. periphoral.and fovoal cone

vlelon 11112) it was found' Ñeol Gtõ rÈ for t large and

fr.^, e-a d for d large. Hor,veverr t}re absofute number of ln-
övþ

oid.ent quanta at tbe absolute threshold- ls under all con-

dltions of size and d.uration of the test flash not small

enotrglr compered. with the nuinber of conos covered. bþ the flaeb

ln order to concfud-e to e = 1 . Ar¡yhowr for darkad'apted. cone

vislon pg, - 2. It ls poeslble to rejerit the case P = 1 wlth
tbe aitl. of measurements on the interactlon of tbe vari.ous

klntls of receptors at the absolute tbreshold. wlthin aÏt area

over whloh Riccore Jaw is vaIld. It was found llr12) that
tbe etinulation of se¡arate oones ln the periphery oan

oooperate with the etlntulation of separate rods in order
to reach the absol-ute thresholcl. In ths fovea, the faots
a¡e elmilar for the varlous klnds of cones. Such coopera-

tlon between subliminal aotlvati-on of d.ifferent receptor
eystems 1g only possible when for these systems n) l. ly
thls reason lt is quite conclusively that for the 

"orré"
under darkad.apted. oond.itions p f 1 so that e = I and. p - !
AaPqE2.

ìrvld.ently for single
the possibility ca¡i not be

Bes p nust origlnate from
case RÍccors region hard.Iy

receptor.
Foi the obee.rvers investigated for.d.arkad.apted, rod.

visLon fe.fl was betwoen OrlO and.0106 12), f1 is about Or!.
r1.s only a relative small fractlon of the llght inci-

dent in the roceptors will be absorbed in ar¡ efficicnt way

13) lt seems that f, - 1 for the darkad,apted. rod¡.
iYe conputed from the elopes of the ourves for tl large

ln flgures 1 - 4 with the ¿1d of formula ff the value pq.

The rasulting values pq were uesd. for the d.aterminatio¡r of
f - f1.fz.fj for d very small with formuÌa I. The results
&r'e presented" in the flgures 5 - 8. The d.ata for'/îSOfi
when d eJ I minutes are Lncorporated. Becauee of the repeated.

mathomatical manipulations ln o¡der to cbteln f1.fZ.f3 tþ
accuracy of these values is relatively smalI. The d,otted. curves

ln the figuros represent tho goneral behavlour of f qualltatlvel.y.

peripheral o¡ foveal cone vislon
exolud.ed that botb nerve lmpu1-

the selfs&me receptor as in this
sxoeed.s tho size of a single
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llhe aoouraoY of the Pq

ôeviatlon from the c¿ae Pq =

givtng -ÑeOfi as a function of

le oaueed bJ the inconstant

eyetems over the retina'

values ls lnfluenoed. by the

2 of the slopoe of the curves

d. for largld which devlation
sensltlvlty of the receptor

For rod- vision (green test flashes) this d.eviation

le nary snall 16r14even when the test object 1s very

1a¡ge and. lncludes tbe fovea. Ind.eed. the relatlvo constancy

of tbe rod. sensltivlt¡'over the retina I?) wlll hard.ly ln-
fluence the slo¡re mentioned. For large tost objeots the

surfaoe of the blind fovoa is almost nogLigeable.

For oone vision the duratlon 1n the slope from F5Oz c./â d

le aornewhat greater in agreement vrlth the groat variation
1?) of ccjne ssnsitivity 1n the area of the retina ooncerned.

ln our experlmente.
3y thís reaaon we d.o not pretend that the conclusione

present below can have mo¡e tha¡¡ a gualitative bearing.
From the flgures 5a - b and. 6a - b for groen test

flashes and green respectively rod. ad.apting fielde it
proves that pq as wefl as f, fZf3 deponòe on the state
of ad.aptatlon.

Pa¡ticula¡}y the dependence of pq on the intensity of
tbe ad.apting brlghtness for- both cases is similar and the

veJ-oolty of the recoirery of pq, for a fixed. ad-apting bright-
nees in the region of tiroes of d.arkad.aptation y' stud.ied

0
by us 1e relatively fast. Also the ehape of the curve giving
f as a function of î for both -gases ls similar whereas for
y' between OrOl and. Or{o second.s the recovery of f is. ne-
Igligeable. i',]e think lt rather eurprising that those compli-
cated. theoretical coneider¡¡tlons applied. to these two sets

of measurements ]ead to d.ata rvhich can be evaluated as in
satlsfylng agreement witb each other. Ind.eedr ln both setr
nalnly the same racoptor systetns will- be activated by the

test flaehes so that the maln featu¡ee in the ad-aptational

behavlour was .expeoted to be elmilax.

16) M.A. Bouman and f,.A. van,lor Veklen, J. Opt. Soc. ¡.m. 3?r9o8 (Dql)
1?) c. Shaard., J. Opt. Soc. Am. 34, 464 Gg++)
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llbe verl.atlone in pq for red' test fLashea presented.

in flgnres 7a antl Ba are smaller just ao theee of f from

?b antt 8b. The velocity of reoovery of prq for a fixect

acleptlng brlghtnees ln the regl'on of tlmes of d.a¡kad.apta-

tion I stutllecl'aoell¡s to be eLower tban for the green

test f(ashes whereae in tho f values thls reoovery 1s

-¡uuch faster compared. wltb the results ln flgures Jb antl

6b. Agaln there 1s agreenent between both sets of results
for red. flaehes so that we aro inoli.ned. to assr4þ th.at

the quantatbeoretlcal aspecte d.iscussed have ind.eed a

re.a1 aignlflaanoe for tbe obtaining of informatlon on

the fundamentals of ad.aptational mechanisns.

ft can be asksd. ryhethor ihe change in ¡4 with ad.ap-

tatlon 1g due to va,riatlon ltr yr, in q or ln both.
.Fron prevÍ.oue experf.monts we learned that p lnoreaeee 6)

when neasured. in the one eye the opposite eye belng stlnu-
lcteil by a d.aøzllng 1lght gouroe of increaeing.brightness.
In theee d.ata a slrm¡ItaneouÊr occu¡rence of a tlele¿sô of
tbe reglon rcitbin which Riocors reglon ls valld was not
apparent.

By this reason it is very probable that the inoreaee
of pq, ln the exporlments reported. here is at least partly
due to an lncrease of p. ft can not Èeoid.ed whether q aleo
d.epend.s on the srtate of ad.aptatlon. ïy thls raason without
further lnfornation no conoluslor¡s can be made concernlng
the effect by whioh Rl-ccof s region d.ecroases wíth lnoree-
alng ad.aptlng brightness for green test flashes. ft can

be due to anoonsld.erable increase of q or by a d.ecrease

of the Írrtegrate capacity l-n epace of the nervous systeur

or by a mirture of these effecte. It mlght be tbat tbe
íntegrate capacity mentioned. and. tb.e value p are ruutually
d.ependent.

The ohange ln f can be due to varl-ation Ln 1, and f,
or onLy fr. It geems hard,ly reeeonable to assume that
the sense organ wlll eonpletely lgnore a fraotlon of the

nerve lnpulses. lve only mentioneò thls possibillty tn
ord,er to complete the dlscuesion. By this reaeon we take
f3 - 1 , so tbet the variation ln f, d.eterninecl by tbe
effective absorptlon power of tho llghtquanta ln the reoep-
tors only remalns.
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rn our previous pêper 6) we oompared' 
ù/Íro6 u" 

^
functlon

/,0,3
values m

obemloal

of ã for ò c¿a 3 minutee and t ' 0102 seconds and

second.e wlth the va¡lous poesibllitles of the

and n ln the stead.¡r stato eguation of the photo-

theorles for the simple reversible system S 5, P +À
rt/Kzroxtr(*-*)m III

a is the lnitial concentratlon of S'

I is tha inteneity of adçptlng field'
r 1s the concentration of the prod'ucts P and À'

m ancl n are the order of the -a and- +- reactlons'

K1 an,l K, are the velocity oonstants of these'

fn the quoted paper 6) the infor¡¡ation'on the nervous

componente in adaptation wae not aval]able ' Now we can

compale the shape of the f functlon d'ed'uoed- fron the
c/-
'/ñSoß curves wlth tho ald. of the obtained' pq values wlth

formula IIf.
The ,agreement 

of the shapes of tbe f functions from

the flgures !b ancl 6b wlth the casé m - 2 and n = 1 is

strikinþ (fieure g) and lnsplre confid.ence in the appll-

cablllty of the deteoted nervous and. photochemlcal aepects

ln ad.aptatíon to ne&aurements of the vario¡rs vlsual functlone.

Thevariationinfforredtestflasheslstoosnall
to oonfront them with the equation III'

Fromthe presented dlscussion lt proves that ad.apta-

tlonlsacomplermechanism.Espeolaltytherscoverywlth
ti¡oe of the vlrious aspeota can d.iffer wiòely and can be

blghly depond.ent on the, preceding light Ìristory' The varbue

waye in ,rh1cb the knick'B) in the usual ùarkdaptatlon

ourves can appsar mlght be influenoed- b¡ the speolal

wöi6hts of these aspecte unde¡ the particular aùaptational

conditions.
ForverysmalltestobJectsforlnstancethenervous

components will be much less important compared rvitb tnea-

surements for Ìarge objects as the values p and q are

repressnted. ln power functlone of d accord.ing to formula II.

For sma1l objects the threshokl is only ¡rroportlonal to

p antl q (see I).

IB) I.o. p+ge 101 leg. l.
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Anotber consoquence for lnstance 1s tbat the questLon

.arises wbether the presented treatment of the results
alfowe an analysis of the lnfluenoe of anoxla on the vlsuaL
funotions, especielly whether tì:is action is sel-ectlve
witb respect to the nervous or photocbomical aspect...

From the reported. measurer¡ents it proved. that the

oase p - 2t g, = 1 is the lower limlt of the posslble values
whioh ls only reached. at the darld.apted. state. It might
be that even ìr.nder these cond.itions somletimes p É 2,
q = I not suffioos and. a frequency d.istrlbution includ.ing

n)Z atta/o" o) 1 exists. ELsewhere Llrir6) we d.iscussed.

this possibility and. concl-uJeil that i¡i suoh a d.istributlon
the oase 'P = 2t 4 = 1 must be ¡nost f're.quent.

For large tesi objects or 1arge flashtirnes for the
depend.ence o-l the absolute thresholcl ás a functlon of d_

rospectivoly t the lowost posslbJ.e valus of pq. will bo-
come d.oninant;

In provious papeï, Srt rZ- tb),ve montioned. that in the
measurements of absol-uto and- contr¿l,st threshold.s.as a
function of d or the fLashti¡ne t d.evlations frorn quanta-
statistical explanatlons occur when both d. and. t c.re rarge.
ft proved. that the value pq incre¿ses ',,rlith inoreaslng rÌ

and. t. Theso aevt¿tionÉPaescrlúect. by an impeded. ohance
for the peroeltion of J-ight or co¡rtr:rst by thra ¿otlon of
the light of the test flash self . Wo are lncl-inc,l to
€lssume that this effect is relatecl to the ad.a':rtational
aspects discussed j-n thls laper.

Bocause of the d.ependence of pq on the stqte of
ad.apt:rtiorr lt ls exnected that the absolute thresholè as
a fu¡rctlon of the flashtirne ivil1 agree wi.th formula fI.
It was impossible to meçsure this d.epend.ence wi.th our
experj-mental prooedure as in the region of tirnes of da¡k-
aùaptatio" 

f 
OrO5 - Oo{O second.s the recovery ,"ÑeO.4

was reletlvely f¿st.
',ie rêrnark, that whe¡eas the ad.aptirrg fleld. is pre-

sented, i-ntsrruittently to the observer the states of
ad.aptatlon at the vÈrlous ttnes 

7L after presentatlon of
this flerd are werr d.eflned. when the precautlon ls mad.e

of a sufficiently large number of preceed.lng presenta-
tlons before the measurement of -I N6O,g starts.
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Rcoent moaÊur€úrnnts 5'è) of perlpberal contrast

tb¡c¡boÌös'ìtere d'iscussed' wtth the aid' cf the quanta tbeo-

""rfo"f 
or¡rlanatlon of tl'e Vrles 14) '

Acoordlng to this tbeory contrast w111 be eeen wban

¡t leaùt In one of the reclpiont unlts d'urlng an averaging

tlne f of the test flash covered by b'eÞÌcground ar¡d' test

apot tbe avorage nunrber of al¡sorbed quanta by tho test

]ii-rr". 1$,xo"".e the av.rage statistloal fluotuation

of tbe absorpttons of'tbe backgrounô pro reci'piont unit pro

averaglngtlme¡ 
r¿$-x Vr , Y'Eoonstênt

. In tlre guotea papersé)oantt 6) this theory wae also

obeoked by comparisori of f /trZ 
^" 

a function of î d'educed'

cltbtblaf,ormulafror¡conttaet¡neasurementewithmeaeuro-. o/-
rnents or 2/Íro¿ for d. cô J rnlnutes, t ' oro2 soconds and

/ - Or3 seoncùs' ç/ c

The agreement in the bebavlour of'lK' deducod' vritb

IV ancl 
t/Ñeolrwas alreatty sattsfaotorily in splte of

poeslble nervous components in adaptation for'/N6a'í-

Now we can lncorporate these components quantitatlvely'

rn frgures 10 and. 11 for the cases of both acrapting fierd-

and. test etinufus red or greent tho results of ^/ K' from

pêper 5) aeeuced' wilh fV from contrast measurements ani! the

òetaforffrontbefigures!bancl?barer:êpresontedi
il¡henthetheoretic;lmanlpulationseÎplored'inthls

paper are applled' to tho value ' 
2/Ñ 

SO'i'In order to obtalrr

the f valuo for v¡hiçh d-e Vriest concept must l¡o valid the

convergenoe betwson quanta lnterpretations of the visuai

fi:¡otlons concerneô and exporl'montal d'ata is iroprovoð'

(v
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Sunnar¡r''
Heasurenents of absolute' ti¡resholùs as a fur¡ctior¡ Of

the slze cL with test flashes lasting oo02 secor¡ds of the

olrcular test stlr¡tulu-sr?o nasà'l from the fovea of thc right

eye for Varíous states of arCa.:tati-olCeuor¡s irate three

a,ðaptatlonal aotlons of the-; trclzrpting field'
1. the elope of the curve representing ìì5O. as

functlon of d for d- lar6e lncroases i'rith increasing
a

n

a¡¡d decrageing_ti,rne )/ for d.arkadap^r.ation from FgOrgO ô

'2 . Tni% incrsase can be d.escrÍberl rvith thero fl 6oß vì ct

for¡ar¡14
leu;iq az(Pq - +)/;q IT

leat be absorbe¿l

arises & riêxv€-

impulses which

I

that is absorbed

material suoh

Í'--.' ls the absolute threshol-d.
bU'r

q is the nurnber of quanta that itr-tst at

ln a reoeotor such that the resulting effect

lmpulse in tl¡e nerve connectlon.
p is thcr snaflcst ¡rumber of su.ch ìlerve

oooperation c,an ¡.'esult in a ì-ight I'el-ception.
Fo¡ the four eonbinations of recl :rnct gregn .1i5ht for ad-ap-

tlng field and test fiefò vo cleducerl the val;lc pr¿ froin the

slopes of curves relrcrscnting F<r-, I as a fu;lctior, of' cL for
ou /,

various fi.,res ofus flres ofl / anct brightness of the d,Ca';ting f ieiù n.

the recov er( vtilti tlt::e of pq rì.rrrirr; tht¡ d'arl<adaptatlonof pq d.rrrirr; tht¡ d.atl<ad.aptatlon

perlod. stuclioc ( t; rJ5 - ordlJ secondc) is for green test
flashes fast o,¡r:rlrared. 'rith the beh:rviour of nc¡ for red

fLashes.

2. rlne cornplete curve of IiO-; as afftinction cf cl

generally shifts to highe:r v¡;Lues whe¡r I incr'Jasos o, /
ilecreases

Írn exnlanation of this sìrift is given by

i,e = f 4nl
for d. very smail.

f is the fraction of the incident ligbt
by the ¿rvaifable amount of the photoohenical

that tt contributes to the 1lght peroeption.

From the me,rsurements f is 'determineci as a function of
a¡rd ñ wlth the ald. of I and II and the value pq..

( Ibe recovery v¿lt'h time of f in the intervals /, stud-ied'

is for green flashes relatively slow comparecl wn{ the behe-

vlour of f for red fLashes.



-I(*-

fbe sba;e cf the cur ea Te;'re::enting f as a function

rei- encl ETeen ¿:l¿Ptlng flelô
, 1 fron the stoedY stato equa-

rTT

Inðeeå, it 'r¡'o e ::i'ectc'J' tÌr:rt f i[i flTopor'uional to the

. oofloefrtSaiio¡r cf 't'l t t:hotocl'elnical slrbst:lnces '

leviations frcl¡t '¡ulnta e-t;-'ì'ai"lt'iovl': for '¡'osoiute anò

oontrsst tì'rreshoi¿s fcr large 'l- ¿n'Ì ler¿;o t ¡':';:e ¡robable due

to tlre a'Iaptatio na1 actLon of the 1igìit of the 'bclst f lash

self on tbe virluo Pq'
r 1'¡r¡ ''r?eil test ffashes tÌr''r region oi rl values "lithin)' 'w' U'--'-

wþichRicco'slanrisvalid'cì-er;rcr'"'íie3'lri-hïtinc::e¡singnanù
,ieoreesing / {

.0^Forre,tl'f;sLtlSevenfort}-Lr,ålrl.a..ì.a:lt.:cle;'eRiccots
reglcn hal11y ci;icee¡d's thu size of oÍlc reccptor'

Tlre ..e<;r'ur.;e n.,entionecÌ fo.r ¿reen fla:';he:; c:l.n be clue

totbeí,¿cttÌu+,.the-r'izr:irr-blreì,f,cd-it(,tlqilrmr:.inlyÈr:iSen
b¡ . rrrr ilIo-L e-!i':: irr t1 or Ï¡' -iìie tlj'::ii¡rr-=?ii''X' j'nta¡;rr"1;e ca!acity

in si.lace of thc l'e-''ittf ' L9)

f'.ie:'¿)llc1,/ii)i-l'¿ll;cltoìe''rf'-rir'iì"-1'-^::)rr'r?l-ltì)'-:rt'irì3/ttì1e

sha¡eof'tircoulvereli'esêrìl.tj'rgílsafr'rr''cti'onojl'-l'eùucoù
froni measuÏcírìentS of tlr:.' cc¡ntla;t t.ìlreshola.s 1$ for small ù

anù t i;i.bli tlie eiù oi' Ilr reçrresenting ùo vriest e-Ïlll'Ilation of

contrasttllr,:r:jiofco-ate:.:1..r]csaneftr¡t.¿tioirùecl;ceùwiththe
¿rld of I ¿riii iT f""q-ttto ¿"t" in -bhis paper'

f lÍT=11 V2ñ+f lIx ' K=ccnîtant

'l'he r'¿Ì.¡tiv.: voights of the vrrious corìlporlentg

u¡riiel 1 - I in this sìütnary is derronstrated by tho

oxatn;l1es ¿'us.!r'actecl flo;;r iìrc figures'

IV

mentioned

f ollowing

the smal-

¿ = {,00 I

.qf e en

The totaÌ våriatir)r- in absolute threshofd for
for

ancl

Thi's variatj-on is achieveù by a variation in

fac-',or 15, trq i; cÌtatigeù frorn 2'1 to 16 and Ricco

ùecrease,l fror,r about 1l[ rninutes to 2 - 4'

f with a

ts reglon is

f')) 0.J. Fortuin, Philips Research ?eports 6'352 (fgtf )



E atrÄ recl aÀapthå flo]'¡L the greaùeet

JO from whlch a faotor 3 ls òu€ to f
r¡rq changed. from about 2r3 to 7 '
àte of tbe tbreehold's probably partly refer

of the conttest tbreeholò egalnet the

rL by the ligbt chiob preoeeôs the eubee-

[gn.
tatlon ls generally ðofinett by the gensl'-

i,'g¡r,6 for varloue vieual fungtl'ons a^fter a pre-'

âaaptatlon no matter rcbat the meobanlsm for the

itles meY be.
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Àtgtrsots
Measureurents of the absolute

toet flasbes at vstious moments ln

gfeen aclaptlng fleld each 3 seoonds

r¡ncler va¡Latlon of tbe elze d' of the

aatt the brLghtness î of the aúapting

Perlpberal vl'slon Jo nasal f¡on tbe

threshold.s for reò anò groen

interruPtions of a red and

of Or! soooncle are Presented'

test sPot betü€en 4t-!2Ol
fleld.

fovea of the observers

to the Chairnan c¡f the iiational

Netherlatrrls, Prcfossc¡' G'i'

rlgbt eYe is oonoelneil'

. from theso measureu¡ente nðrvous and photochemj-cal com-

ponents in adaptation are d'eteated' vrith tbe ald' of spocula-

tLons on th€ va1ld'lty of quantaexplanatione for vlsuaf functlqns'

. The dependence of the absorptf'on power of the photochemical

substanoosontboad.aptingbrig}rtnesswhichwgd'ed.ucodfronrthe
reporteô ôata, aglêe wlth the stead¡i - state equation ln photo-

ohenlcaltheorlesanda}sowlththerleperidencementione.lalr-
straoted'frommeasuremcntsofthecontrastthreslro}clv¡ith
quanta tbeoretical considoratlons'

'.'Yltb increasing brightnoas of tbe adaFtllrg fiel<! fol

glgentestflashes-RiccoIsregloninthe'curverepr.esentl.ng
the a.bsol-ute threshold as a function of d' dir¡lnisheg v'/hr reas'

the ninimal ir€cossary number of quanta that is absorbed i¡r the

recoptors such that tbey contribute to the light perceptlo;r

inoroase s .

Àoknolvlertgements .

ris aro gineore thanks due

Defenso Research Councll of the

Sizoo for his povlerful sulport'
Forprolimlnaryexperlmentsb;*whiclrt]:isrjlc-ci;tlT-tclts,iv''-

Lnveo+,igation ir¡ inltiatecr ,ire enjoyod. the Ìr,:s,riìalj,t;¡ r:::' 'bl'"':

0p)rthairnologiclnstituteir:Utrocht'"Jearr:inùeìri;ecl.'l;oÐ':
J. ten Dossschate fct t'is helirfuÌ aid 1rr tbis f ii'i'b r;ta¡;cr

oftheoxperiments'r';ethankill:'P'Roestfo::hicval:'ia";l''::'
contrlbu.tlo¡rofobtalninSthereportecexl-¡crlt¡or:taj¡ir¿tcrial'



flgures la - ld¡
.iire absolute threshold. ir-r,6 as a functlon of the visual

' angle d for flash tinre 0rO2 second.s for va¡lous lnten-
sitiss ã of the ed.aptlng fte1d.. ÍrO# waa measuïea for-

/.- Or)J; orl0; Or2O an,l or4o second.s aftsr the begin-
I nLng of lnteruuptlons of the bao!:ground. lasting Cr!'

gecond.s oach J seooncls.

ñ Ir tn" everage nurnber of cluanta lncid.ent ln the eye

pro sooond and pro atea subtend.ln6 a vlsual anglo of
1O-3 rad.la¡r.

' ,'iavelenght 5250 Ao both for aclapting fteld. and. teet
stimúlus.

flgures 2a - 2ð"¿

Similar to 1a - ld:
,ïaveLength 52)O Ao for test stimulus, 55Oo t\o for ad.ap-

tlng fielcÌ.

figures 3a - Jb¡
Sfunilar to La and.

',tavelengttr 65crC -l.o

ting field.

flgure 4c

Sirnilar to 1d.. I'/^
'.I'avolcngth 65C0 À"

ting fiold-.

figure lal
Tire value pc¡ doùucerl wj-tì: the aid. o, l'or3". ¿ z(pq - t)ipg'

frora the slopes of the curves of flgures la - ld. for d.

large.
B ls the bri6htness in rni]lilamborts of a surface cor-
responcllng to tho ill-umlnatlo¡r of the retina whan the
pupil has the constant siao of 2 ¡nm.

flgure )br

lcl, /=oro! and. or{o secor:,d.s.

to{ tust stirnulus ¡ 5z5a Ao for aùap-

= O)4'J seoonrls.

for test stfu¡ul-us o 5250 Ao for ad.ap-
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flgure 6a ancl 6b¡

Sirnllar to 5a - !b ar'cl detluoed from tho fi6¡rros 2a - 2d-'

figrr'es 7a a'd 7b¡ 
li-gures ia - 3b"Slnilar to !a - !b anit deduced frorn the f

flgures Ba and- Bb:

Simllar to !a - 5b antl' ùed'uoeù froro f lguro 4 '

f lgure P I

The concentratlon of tho product 5 ln the slmple rever-

sible photochemical system s3F + À as a function of

.thebleachirrgintensity.ñ;ooncentratlonlog("¡!")
anci I in arbitrary unlto' The orclor of tbe reaction ã 2'

t-he order of tbe rêve3se one 1' (aottea curve) '

Thofu]}<lrawn.curvesropresentfínarbitraryut}i,isas
a function o-i I from the f iguret: þb and 6b for Sreen

test s'tinu1us.

figuro 1O:

The llalues

threshold-

theor:Yt f
Tho value

figure 11¡

t/*' ,, a functlon of " 
tl-ed"uced. frclm contras.t-

ths aid of de Vries I

, K = constant.
measrlïemcqt¡lgt t'itb

Æ:rcVztÃ+rff
f from the flgure 5b'

Similar to figure 10, f from figure 'fb'
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