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Introduction.

Probably under the visual functions the 1light and
the dark adaptation are the most extensively studied,
especially by the fact that various aspeots of the phy-
siological condition of the subject influence the beha-
viour of these functions less or more significantly.

In detail, for instance, vitamine A deficiency in
their early stages becomes anparent in this behaviour, °
Just as a diminishing of the oxy-hemoglobin amount of the
blood by respiration of poisons like carbon monoxide or
of air with decreaéed pressure or decreased partial pres-
sure of oxygen.

By this reason this visual function is more extensively
used for diagnositical purpose in clinical practice.

In spite of the considerable amount of work on adapta-

tion phenomena only little definite is known concerning the

mechanisms of light and dark adaptation. In studying the available

litterature, it proved that most quantitative theorestical
explanations particularly on the "kinetics" of the adgp-
tation does not go much further than a more or less foun-
dated spaculation on ajpure photochemical origin of adap-
tation whereas some authors siretched atteation to phenomena
in a qualitative way wﬁioh oan only be explained by nervous

factors,

x) Kampweg 3, Soesterberg.
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We do not intend to give a review on this subjeot
but only present introductory remarks and considerations
important to point out the quintessence of our investi-
gations reported below.

Recently a few excellent reviews appeared from which
we mention those of Sheard 1), Hartridge 2) and Jayle and
Ourgand 3). )

The pure photochemical theory introduced and exten—
éively explored by Hecht 4) has the great attraction that
it presents mathematlcal relations between the various
variables in consideration. There is a general agreement
between most investigators that the concentration of the -
active photochemical material in the receptors must he
deéscribed. by the mass action law introduced by Hecht for
visual problems.

However when it is proved that also nervous factors
come into play the foundation of the bypothgsis of Hecht
according to which only the photochenistry of the recep-
tors determines the visual functions concerned must be
corrected. For the possible activity of various compo-
nents we had already indication from our recent inves-
tigations on the contrast threshold 5;6) just as from the
study of Rose 7) of this visual function.

ividently when the state of adaptation of the one
eye affects this of the opposite one, the influence of

a nervous factor is shown conclusively.

1) C. Sheard, J. Opt. Soc. -Am. 34,464 (1944)

2) H. Hartridge, Recent Advances in the Fhysiology of Vision, Churchil I
London (1950)

3) G.E. Jayle at A.G. Ourgaud, lLa vision nocturne et ses troubles, Masst
Paris (1950)

4) S. Hecht, Physiol: Rev. 17, 239-290 (1937)
5) M.A. Bouman, J. Opt. Soc. Am. 40, 825 (1950)
6) M.A. Bouman, J. Opt. Soo. Am. 42, (1952
7) A. Rose, J. Opt. Soc. Am. 38, 196 (1948)
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Our findings G) in this respect agree mainly with
these of Mandelbaum 8). In our paper §) we reported mea-
surements of the absolute threshold of the darkadapted
right eye when the left eye was stimulated by various
adapting brightnesses just as during interruptions of th;s

adapting field.
From these data it was concluded that the state of

adaptation of the one eye is not affected by the light
history or actual stirmlation conditions of the opposite
eye except for very high adarting brightnesses.

These very intensive stimulations can be considered
as "inadequate" and possibly the rise in absolute threshold
mentioned can also be achieved by very intensive noises
or extreme stimulation of other seunse organs.,

Anyhow, the independencé of the states of adaptation
of both eyes under normal conditions is frequently used
in.every day practice for the preservation of the dark-
adapted state by olosing one of the eyes so that this eye
remains or becomes darkadapted while verforming a visual
task with the opposits eye.

Our conclusion 6) was based on measurements for which
both by adapting field and test 8pot rods or cones were
stimulated as well as for rods stimulated by adapting

brightness, the threshold being determined for cones, and

the reserve.
The independence of the states of adaptation of both

eyes does not permit the conclusion that no nervous factors
are active in adaptation phenomena fox "adequate" bright-
nesses,
The rise in threshold of the one eye by stimulation

of the opposite eye bj very high "inadequate'" brightnesses
evidently is of nervous origin. It proved that the beha-

" vicur of this rise in terms of the dependence of it as
a function of flashtime and visual angle of the test spot
is described by a rise in the ninimal number p of quanta
that must be effectively absorbved in the receptors in

order to perceive a flash.

8) J. Mandelbaum, Arch. Ophth. 26, 203 (1941)
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By this reason we studied with the aid of measure—
ments of the absclute thresholds as a function of the sige
of the test spot under various adaptational conditions
whether the recent quanta theoretical speoulations are
of importance for the §) description of adaptation phe-—
nomena,

Besides, it was cheoked whether the rsults of this
study will lead to a still better convergence between
experimental data on contrast thresholds and the quanta
explanation of them §).

In the next section we present the measurements,
whereas in the following parts they are discussed with
respect to their significance for a theoretical synthesis

between various aspocts of tho visual funciions.

The experiments,

In a previous vapor 5, we described in detail the
experimental arrangement with which the data are obtained.
Each 3 seconds the adapting field incident in +the

observer's right eye was interrupted 0,5 seconds. The
adapting circular buckgrourd subtended 15 degrees of the
visual field and was projected with its ocentre 70 nasal
from the fovea realized with the aid of a weak red fixa-—
tion point observed with the right eye. An artificial
pﬁpil 0,5 mm in size was used.

During the interruptions J/» = 0,05 , 0,10 , 0,20 ,
and 0,40 seconds after tle beginning of these the absolu-—
te thresholds were measured for slzes of the circular test
spot frém 4 ninutes of arc to 7 legrees and for flashes
lasting 0,02 seconds. The flashes were »rojected with its
centre 70 nasal from the fovea in the right eje.

This was done for various brightness values of the
background and for the four possible combinations of wa-
velengths of adapting field and test svot when light of
6500 A° and 5250 A% is used.
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At the beginning of each gsession the eyes of the ob-
server were darkadapted for half an hour. Each threshold
was determined after a period of observation of the inter-
ﬁittent adapting fileld sufficiently long in order to reach
a steady chance of observation of the test flash during
the interruption.

Fach chance was obtained with the aid of 20 - 30
‘presentations of the test f£lash under the particuler situa--
tion of size d, value of /- and intensity'; of the flash.

The threshold'ﬁso% which we defined as the flash in-
tensity for which the chance of being observed is 607
was found by internolation between 3 to 4 measured chan-—
oes surrounding the 605 value.

In the figures 1 — 4 we present the results., ﬁgO%
is the total average number Qf quanta incident in the
eye of the test flashes,.z is the average nunmber of quanta
inoident iﬁ the eye vpro second and pro area subtending a
visual angle of lOf3 radian from the adapting field, B
is the brightness of this field in nillilamberts corres-
ponding to the illumination of the retina when the pu-
pil has the coanstant gsize of 2 mm,

Tt seems that as far as the dependence of the abso-
lute threshold on the size of the testobjeét is concerned

- the adaptational influence of the adapting field appears
in three aspecis:
1) The region of G values wlthin which dicco's law,
EGOﬂ indepenient on d, is valid decreases with increasing
n and decroasing s

2) The slope of the curve representing ﬂgoﬁ as a
function of d for 4 large increases with increasing n
and decreasing A from ﬁgog co d to Eﬁo; co d2.

3) The complete curve generally shif'ts to higher
values when n increases OT decreases,

For each of the particular caées from the figures
1 - 4 the three aspects have their special weights.

Indeed for green test flashes the decreases of Ricco's
region is considerable, for red ones this aspect is hard-

ly present. For green flashes the amplitudo of the general
shift to higher values exceeds this for red flashes.
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In the next gection we discuss these phenomena with
respect to & quantitative analysis of the various possible

nervous and photochemical mechanisms.

Photochemical and nervous components in adaptation.

The initial act for the visual sensation is the ab-
sorption of radiation 1in the photochemical material of the
receptors. Obviously the sensitivity of the eye for light
of a particular wavelength will depend on the amount of
this material that is available for the visual cycle 8o
that a diminishing in this amount will result in a gene-
ral shift of thresbold values to a higher level From con-=
siderétions given below it will be clear that a shift men-
tioned oan also be dus to a nervous factor. In the regene-
ration of the photochemical material decomposed by the ab-
sorbed light, vitamine A is indispensable 9). tvidently
tbe influence of vitamine A deficiency on the behaviour
of absolute thresholds is of photochemical origin.

It is génerally accepted that the fundamental cause
" of the validness of Ricco's law in the region of small d
values must be the integrate capaclty in space of the
nervous system connected with the end organs as far as
this region exceeds the size of the individual reosptor.
By this reason one is inclined to assume that changes or
differences in the size of Ricco's region are due to chan-
ges or differences in the properties of the nefvous system.

Indeed, there 1is algeneral agreement between the va-
rious authors in concluding that the difference in size of
Ricco's regions for peripheral rod and cone vision is due
to the nervous systems connected with the rod and cones
separately 11'312.Below it will be pointed out that a de-
drease of Ricco's region can also be arisen by changes
in the oonditions for stimulation of the individual end

organs.

9) l.c. page 395 1eg: 3.
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From previous work 10,11,12) it proved that under

& ~ darkadapted conditions the slope of the curves representing
;ikd% as 8 function of d for d large and as a function of t
for t large is determined by the number of receptors
which must be stirmlated by the absorption of one quantum

B in order to perceive a flash.

An increase in this number will be apparent in an
inorease of the slopes mentioned and is another possible
nervous coﬁponent in adaptation. Indeed, when a receptor
js stimulated by one effective absorﬂtion and more such
gtimulations are necessary for the light perception the
nunber of these is determined b¥ the properties of the
nervous systet,

However, the increase of the slopes mentioned can al-
‘80 be due to an inore;se of the.number of effective ab-~
sorptions in a separate receptor necessgary for its stimu-
lation. When thiz is the case it carn be caused by the fact
that for the foruwation in the receptor of a required con-.
-8tant amount of energy which is necezsary for the siinmu-
lation of the nerve connection of it, the number of effec-
tive absorbesi quanta pust be increased or by the fact that
the required amount of energy is not constanty the first
being of photochemic:l nature, the second of nervous origin,

Anyhow, the nunbter of possible mechanisms in adanta—
tion is rather embarrassing, ¥e will now investigute the
merits of the recsnt quanta vheoretical considerations
with respect to the \0051b1 ity to detsct the activit Cy
of the various mechanisnms.

Wle know that as far as the flashtine t and the visual
angle d does not exceed Punsen - koscoe's resion (ﬂ 60 in-
dependent to t) respectively Ricco's region

pq_=frf.f N-{N I
in which ¥ is the smallest number of quanta incident in the

eye in order to perceive the flash,

10) H.A. van der Velden, Physica 11, 179 (1944) Ophthalmologica 111, 321
11) M.A. Bouman, H.A. van der Velden, J.0Ovt.Soc.Am. 38, 570 (194851946)
12) M.A. Bouman, Doc. Ophthalmologica 4,23 (1950)
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f1 is the transmission of the ocular media and retina,
f2 the fraction of the quanta incident in the recep-
tors, that is absorbed by the available amount of active
photoohemioal material in order to decompose it such that
the resulting products contributes *to the arising of a
nerve impulse in the nerve connection of the receptor,

 q is the number of quanta that must at least be ab-—
‘ sgorbed in a reoceptor uﬁder the conditions just mentioned
in order that a nerve impulse in the nerve comnection of
the receptor oan arise,

f3 the fraction of the nerve impulses of the recep-
toras that succeeds in cooperation at the synapses iu or-
der to result in a light verception,

D is.the smallest number of such nerve impulses which
cooperation at the synapses can result in a light percep-
tion,

Variation in f2 and f3 only affects tlie general energy ‘
level of the gbsolute thresholds, variation in fz being
of photochemical and in f3 of neivous origin.

The area within ‘which the q juanta must be absorbed
cannot exceed the size of one receptor; for the interac—
tion of the p impulses this area can content a large num-—
ber of recertors. svidently a decrease of Hicco's region
can be arisen by a relative increase of q compared with p.

. Theorstical observationg lead to 10) 11) 12)
?‘7—6073 enafsPd — 1/ra | j2(pa - 1)/pa .

From previous experiments we know 10,11,12,13,14)_
that for the darkadapted eye for rod vision for t very
small and when the test object covers ueveral hundreds of
rods the absolute number of quanta incident in the ¢ye at
the absolute threshold is sufficiently low to make the con-
clusion possible that these quanta are absorbed in diffe-
rent receptors. By this reason for darkadapted rod vision

_ : - 3 =
Q@ =31 and as 1t proved h60"’ e t* for t large and 1‘60% e d

/9

for 4 large p = 2.

13) S. Hecht, 3.0pt.Soc"Am. 32, 42 (1942)
14) Hl. de Vries, Physica 10, 553 (1943)
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Similarly, for darkadapted peripheral and foveal cone
. = 3
' vision 11,12) it was found N603 D~ T -

/

for t large and
igo% e~ d for 4 large. However, the absolute number of in-
oident quanta at the absolute threshold is under all con-
ditions of size and duration of the test flash not small
enoligh compared with the number of cones covered by the flash
_in order to conclude to g = 1: Anyhow, for darkadapted cone
vision pq = 2. It is possible to rejedt the case p = 1 with
the aid of measurements on the interaction of the various

kinds of receptors at the absolute threshold within ah area

over whioh Ricco's law is valid. It was found 11,12) that
the stimulation of separate cones in the periphery can

cooperate with the stimulation of separate rods in order
to reach the absolute threshold. In the fovea, the facts

are similar for the various kinds of cones. Such coopera-

tion between subliminal activatlon of different receptor
systems i§ only possible when for these systems p:> 1. By
this reason it is guite conclusively that for the cones
under darkadapted conditions p % 1 so that ¢ = 1 and p = 2
as pq = 2. _

avidently for single peripheral or foveal cone vislon
the possibility caﬂ not be excluded that both nerve impul-
Bes p must originate from the selfsame receptor as in this
case Ricco's region hardly exceeds the size of a single
receptor.

For the observers investigated for darkadapted rod
3 ) Lo 0,50 and €¢,06 12), £, is about 0,5.

As only a relative small fraction of the light inci-

vision f .F[

dent in the rocevtors will be absorbed in an efficisnt way
13) it seems that f3 = 1 for the darkadapied rods.
e computed from the slopes of the ourves for d large
in figures 1 - 4 with the aid of formula II the value pq.
The rasulting values pq were used for the determination of
f = f1.f2.f3 for d very small with formula I. Thezjiéults
are presented in the figures 5 - 8. The data for R6O%
when d €9 3 minutes are incorporated. Because of the repeated
mathematical manipulations in order te obtain f1.f2.f3 the
accuracy of these values is relatively smell. The dotted curves

in the figures represent the general bshaviour of f qualitatively.'

A """ e
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The accuraoy of the pq values 1s influenoed by the
deviation from the case pq = 2 of the slopes of the curves
giving'ﬁgo% as a function of 4 for largqh which deviation
is oaused by the inconstant sensitivity of the receptor

systems over the retina.

For rod vision (green test flashes) this deviation
js very small 16,12) even when the test object is very
. large and includes'tbe-fOQea. Indeed the relative constancy
3 of fhe rod sensitivity over the retina 17) will hardly in-
fluence the slope mentioned. For large test objects the
gurface of the blind fovea is almost negligeable.

FPor oone vision the duration in the slope from N60% o d

is somewhat greater in ggreement with the great variation
17) of cone sensitivity in the area of the retina concerned
in our experiments.

By this reason we do not pretend that the conclusions
present below can have more than a qualitative bearing.

From the figures 5a — b and 6a - b for green test
flashes and green respectively red adapting fields it
proves that pg as wal as f1 f2 f3 Jepends on the state
of adaptation.

Particularly the dependence of pq on the intensity of
the adapting brightness for both cases is similar and the
velocity of the recoVery of pq for a fixed adapting bright-
ness in the region of times of darkadaptation dﬁ studied
by us ie relatively fast. Also the shape of the curve giving
f as a function of n for both cases is similar whereas for

between 0,05 and 0,40 seconds the recovery of f is ne-
gligeable. ¥e fhink it rather surprising that these compli-
cated theoretical considerations applied to these two sets
of measurements lead to data which can be evaluated as in
satisfying agreement with each other. Indeed, in both sets
mainly the same receptor systems will be activated by the
test flashes so that the main features in the adaptational

behaviour was ..expeoted to be similar.

16) M.A. Bouman and H.A. van der Velden, J. Opt. Soc. Am. 37,908 (1947)
17) C. Sheard, J. Opt. Soc. Am. 34, 454 (1944)
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The variations in pq for red test flashes presented
v in figures 7a and 8a are smaller just as theee of f from :
Tb and Bb. The velocity of recovery of pg for a fixed
adapting brightness in the region of times of darkadapta-
tion studied seems to be slower than for the green
test fqishes whereas in the f values this recovery is
much faster compared with the results in figures 5b and
6b. Again there is agreement between both sets of results
for red flashes so that we are inolined to assuge that
the quantatheoretical aspects discussed have indeed a
real significance for the obtaining of information on
the fundamentals of adaptational mechanisms.

It can be asked whether the change in pq with adap-
tation is due to variation in p, in.g or in both.

-From previous experimenfs we learned that p increases 6’ r
when measured in the one eye the opposite eye being stimu-
lated by a dazzling iight souroe of increasing. brightness,
In these data a simultansous occurrence of a defeasa of
the region within which Ricco's region is valid was not
apparent.

By this reason it is very probable that the inorease
of pq in the experiments reported here is at least partly
due to an increase of p. It can not deoided whether q also
depends on the stats of adaptation., By this reason without
fufther information no conclusions can be made concsrning

the effect by which Ricco's region decreases with increa-

8ing adapting brightness’ for green test flashes. It can
be due to anconsiderable increase of q or by a decrease
of the integrate capacity in space of the nervous system
or by a mixture of these effects. It might be that the
integrate capacity mentioned and the value p are mutually
dependent.

The change in f can be due to variation in f2 and f3 )
or only f2. It seems hardly reasonable to assume that .
the sense organ will completely ignore a fraction of the
nerve impulses. We only mentioned this possibility in
order to complete the discussion. By this rsason we take

f3 = 1, so that the variation in f,_ determined by the

2
effective absorption power of the lightquanta in the recep-

tors only remains.

T
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In our previous paper 6) we compared éyﬁzoz as a

fuﬁction of E for 4 ¢» 3 minutes and t = 0,02 seconds and

'L = 0,3 seconds with the various possibilities of the

values m and n in the steady state equation of the photo-

ohemical theories for the simple reversible system SREESSR-+
Bk, T=x"(a-x)" 111

a is the initial concentration of S.

I is the intensity of adgpting field.

x is the concentraiion of the products P and A.

m and n are the order of the -» and «— reactions.

K1 and K2 afe the velocity oonstants of these.

In the guoted paper G) the information. on the nervous
components in adaptation was not avallable. Now we can
compare the shape of the f function deduced from the

ﬁgO% curves with the aid of the obtained pg values with
formula III.

The agreement of the shapes of the f functions from
the figures 5b and 6b with the case m = 2 and n = 1 is
striking (figure 9) and inspire confidence in the appli-
cability of the detected nervous and photochemical aspects
in adaptation to measurements of the various visual functions.

The variation in f for red test flashes is too small
to confront them with the equation III. '

From the presented discussion it proves that adapta-
tion 1is é complex mechanism. Especially the rscovery with
time of the various aspects can differ widely and can be
highly dependent on the preceding light history. The varbus
ways in which the knick18) in the usual darkalaptation
ocurves can appear might be influenced by the speocial ’
waights of these aspects under the particular adaptational
conditions.

For very small test objects for instance the hervbu:
components will be much less important compared with mea-
surements for large objects as the values p and q are
represented in power functions of d according to formula II.
For small objects the threshold is only proportional to
p and q (see I).

18) 1l.o. page 105 leg. 3.
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Another consequence for instance i1s that the question

arises whether the presented treatment of the results
allows an analysis of the influence of anoxia on the visual
functions, especially whether tkis action is selective

with respect to the nervous or photochemical aspect..

From the reported measurements it proved that the
.0396 P=2y,q=11s the lower limit of thse possible values
which is only reached at the darlalapted state. It might
be that even under these conditions somfetimes p = 2,

q = 1 not suffices and a frequency distribution including
Ia>2 and/or q,)} 1 exists. Elsewhere 12,16) we discussed
this possibility and concluded that in such a distribution
the case p = 2, g = 1 must be most freguent.

For large test objects or large flashtimes for the
dependence of the absolute threshold as a function of d
respectively t the lowest possible value of pq will be—
come dominant,

In previous papelﬂik;ﬂ,\h)wa mentioned that in the
measurements of absolute and contrast thresholds as a
function of d or.the flashtime_t deviations from guanta-
statistical explanatlons occur when both d and t are large.
It proved that the value pq incregses with increasing d
and t. Thess deviatioﬂgcg;scriﬁed by an impeded chance
for the peroeption of light or contrast by the action of
the light of the test flash self. We are inclined to
aséﬁme that this effect is related to the adaptational
aspects discussed in this paper.

Because of the dependence of pgq on the state of
adaptation it is exvected that the absolute threshold as
a function of the flashtimwe will agree with formula 11
It was impossible to megqsure this dependence with our
experimental procedure as in the region of times of dark-
adaptationdf/(hos - 0440 seconds the recovery in ﬁgo%
was relatively fast.

e remark, that whereas the adapting field is pre-
sented intermittently to the observer the states of
adaptation ét the various timesd/; after presentation of
this field are well defined when the precaution is made
of a sufficiently large number of preceeding presenta-

tions before the measurement of‘ﬁéog starts.

- T
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" Recent maasurements S,6) of peripheral contrast

- %ﬁrusholds'were discussed with the aid of the quanta theo-
retical axpiﬁnation of de Vriss 14).

According to this theory contrast will be seen when

e of the recipient units during an averaging

at leapt in on
kground and test

4ime T of the test flash covered by bak
spot the average number of absorbed quanta by the test

gtimulus [Xﬁ excecds the average statistical fluctuation

of the absorptions of the background pro recipient unit pro

averaging time: LB :
: fE}TsK V2f;+fﬁ ’ Y.-constant(lv

@ quoted papers 5) and @) this theory was also
f/KZ as a function pf'; deduced
rements with measure-—

i In t!
cheoked by comparison of
with this formula from contrast measu

oforric/a 3 minutes, t = 0,02 seconds and

2_
TN .
qents (o) 607
= 0,3 seoncds.

The agreement in the behaviour of
torily in spite of

£/%2 deduced with

IV and 2/§g0% was already satisfaoc

possible nervous components in adaptation for 2 ﬁéo@'
. /

Now we can incorpofate these components gquantitatively.

In figures 10 and 11 for the cases of both adapting field

and test stimulus red or green, the results of f/K2 from
paper EQ deduced with IV from contrast measurements and the
data for £ from the figures 5b and Tb are representeds

“hen the theoretic:l manipulations explored in this
paper are applied to the values ; ﬁéoﬂ in order to obtain
e Vries' concept must be valid the

the f valuo for which d
lan{a interpretations of the visual

convergenoe between qu
and experimental data 1is inproved.

Punctions concerned




Suﬁhsr-w
Measurements of absolute thresholds as a function of

Y
a

the size d with test flashes lasting 0,02 seconds of the
circular test stimulusa?o nasal from the fovea of the right

i 3 5 ada s R Mo tnate .
eye for various states of d_&:tathh,QQ¢0th—ate three

adaptational actions of the adapting field.

. 1. the slope of the curve representing“ﬁgoﬂ as i
function of 4 for d large increases with increasing n

for darkadaptation from ﬁSO/_%(/; d

end decregeing time

to ﬁ60% e a2. m™i% increase can be describsd with the
formula ( +)/
= 2(pa - #)/2q
N. - is the absolute threshold

60,5
q is the number of quanta that must at leat be absorbed

in a recentor such that the resulting effect arises a nerve-

impulse in the nerve connectilon.
p is the smallcst number of such nerve impulses which

oooperation can result in a 1light perception.
For the four combinations of red and green light for adap-

ting field and test field we deduced the valus py from the
+ as a function of d for

slopes of curves representing NGO
/7”2 .
various &iues ofg/ and brightness of the ddapting field n.

The recover§y with time of nq during the darkadaptation

period studied ( 0,05 - 0,40 seconds) is for green test

flashes fast cumpnared with the behaviour of nq for red

flashes.,

2. The complete curve of ﬁﬁoé as affunction cf d
generally shifts to higher values when n increases ord/
decreases.

An explanation of this shift is given by

rq = £ ﬁéoﬂ
for d very small.

f is the fraction of the incident light that is absorbed
by the available amount of the photochemical material such
that it contributes to the light perception.

From the measurements f is determined as a function of

" and n with the aid of I and II and the value pq.
7/ The recovery with time of f in the intervals studied

is for green flashes relatively slow compared with the beha-

viour of f for red flashes.




o shape of the cur.es reprezenting f as a function

yﬁjﬁlyng&reahsteit flaches and red and green algpting fileld
with the case m = 2, n=1from the steady state equa-=

x qugiinfihé photouhemioal tocory:
7T

g m
¥t = 32 (o~ %) TTT
T, 3t was expected et B rroportvional to the
Indeed, I £TOL
|335habntration of t:e photochemical substances.
A A T 1

E X

Teviations fronm quanta explanations for absolute and

sholds for large 4 2n
ction of the ligut of the test flash

contrast thre 4 large t aTe nrobable due

to the adaptational a
gelf on the value nq.
r crsen test flashes tha region of

increasing n and

3, Fo d values within

‘wpich Ricco's law is walid decrewses with

deoreasing E
. Tor red flaskes even for the darkalapted eye Ricco's
k regicn haiily cxceods the gize of ouc receptor.
The decroase mentioned for sreen flashes can be due
to the iact that the rize in the preduct pq 1is mainly arisen

by an locresss in .q or by vhe Aininisued integrats capacity

in space of the retina. 19)

Thero provel also 1o ne fair ayrcsment betvsen the

ghape of thc curve rearesenting I s a fanction of n deduced
sments of the coatrast thresholds ZSK for small 4

from measur
\ z
¢ exnlanation of

and t with the aid of IV representing de Vrie
contrast threshold data 2wl tiec same function deduced with the
aid of I and II from the data in this paper.

+ A% =¥ Vorg+ ¢ A% , ¥ = constant IV

The relative weighte of the virious comporents mentioned

under 1 - 3 in this summzry 1s demonstrated by the following

oxamples abslracted from the (igures.
The total variatior in absolute threshold for the smal-
lest time of darkadaptation y = 0,05 seconds, for d = 400"

for the higheat'ﬁ value, for greea test flashes and green
adapting field is a factor 4 x 103.
This variation is achieved by a variation

changed from 2,1 to 16 and Ricco's region is

in £ with a

factor 15, pg is

decreased from about 14 minutes to 2 - 4.

15) G.J. Fortuin, Philips Research 2evports 6,352 (1951)
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testflashes and red adapting field the greatest
a factor 30 from which a factor 3 is due to £

'pq changed from about 2,3 to 19
mehts of the thresholds probably partly refer
tion of the contrast threshold against the

achioved by the light whioh preceeds the subse-
tation.
how darkadapta

of tho'sye for
tadaptation no matter what the mechanism for the

tion is generally defined by the sensi-

various visual fungtions after a pre—-




‘iﬁgﬁ;aots
te8t fla
'ﬁndér vari

‘and the bri
" peripheral vis

—=17=

Measurements of the absolute thresholds for red and green
shes at various moments in interruptions of a red and

pting fleld each 3 seconds of 0,5 seconds ars presented

green ada
spot between 4'~-420"

ation of the size d of the test
ghtness‘; of the adapting field.
jon T° nasal from the fovea of the observers

right eye is concerned.
surements nervous and photochemical com-

are detected with the aid of spscula-
visual functions.

Prom these mea

ponents in adaptation

tions on the validity of quantaexplanations for

. The dependence of the absorption power of the photochemical

substances on the adapting brightness which we deduced from the

reported data, agree with the steady - state equation in photo-

chemical theories and also with the dependence mentioned ab-—

gtracted from measuremcnts of the contrast threshold with

nta theoretical considerations.

qua
with increasing brightness of the adapting fie

1d for

st flashes Ricco's reglon in the curve representing

green te
3hes whi reas.

e threshold as a function of d dimini

the absolut
sary number of quanta that is absorbed in the

the minimal :ieces
receptors such that they contribute to the light perceptilon

increases.
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The absolute threshold ﬁ%o% as a function of the visual
‘angle 4 for flash time 0,02 seconds for various inten-

sities n of the adapting field. ﬁgo% was measured Pom =
)ém.0,05; 0,10; 0,20 and 0,40 seconds after the begin-
I?ﬁing of interruptions of the baokground lasting 0,5
~ geconds each 3 seconds.
F; is the average number of quanta incident in the eye
pro second and pro area subtending a visual angle of
10-3 radian.
Yliavelenght 5250 4° both for adapting field and test
stimulus.
i
figures 2a - 2d:
' Similar to la - 1d: 4
#avelength 5250 A° for test stimulus, 5500 A° for adap-
ting field.
figures 3a - 3bs
Similar to la and 1d, = 0,05 and 0,40 seconds.
Navelength 6500 1% for tost stimilus, 5250 A° for adap— .

ting field.

figure 4:
Similar to 14, = 0,40 seconds,

Navelength 6500 A° for test stinmulus, 5250 2° for adap-

ting field.

figure 5a: p
The value pg deduced with the aid of Egoieod.z(pq - 1)/m
from the slopes of ths curves of figures la - 1d for d

large.
B 1s the brightness in millilamberts of a surface cor-

s responding to the illumination of the retina when the

pupil has the constant size of 2 mm.

figure 5be
The value f deduced with the aid of f -N's -
amall d from the data of figure la - ld-gﬁd figure 5&:(@6tt§d~ﬁnrﬁ1

i The fulldrawn ourves present 2-/ fso% from la - 1d for d=4 mintes

= pq for very
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figure 6a and 6Dbs
_ Similar to 5a - 5b and deduced from the figures 2a - 2d.

figures Ta and Tbs
Similar to 5a — 5b a.nd. deduced from the figures 3a - 3b.

figures 8a and 8b:
Similar %o 5a - 5b and deduced from fiome (kG

figure 93
The concentration of the product 3 4n the simple Tever-—
gible photochemical system SSP + A as a function of
. the bleaching intensity n j concentration log (a -~ x)
andlfr; in arbitrary units. The order of the reaction -9 2,
the order of the reverse one l. (dotted curve).
The full drawn curves revresent £ in arbitrary units asz
a function of n from the fiéures 5b and 6b for green

test stimulus.

figure 103

The values f/K2 as a function of T deduced Trom contrast-
threshold measurements 5,6) with the aid of de Vries'
theorys T J_ K V2fn S A—_ , X = constant.

The value f from the figure 95b.

figure 113
Similar to figure 10, f from figure Tb.
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