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THREE FIGURES 

ISTRODUCTIOS 

When photoreceptors are  illuminated a sequence of meas- 
urable changes occur which are  instrumental in  mediating 
the sense of vision. Theie changes are : (1) the absorption 
of radiant energy by a photolabile pigment or pigments and 
changes in the s ta te(s)  of the pigment (Granit, '47; Wald, 
'51) ; (2) a relatively long latent period following the onset 
of illumination during which no electrical changes are  de- 
tectable ; (3)  a potential change measurable across the retina 
with extracellular electrodes called the retinal action potential 
(Hartline, Wagner arid blacNicho1, '52) which begins at the 
end of the latent period; (4)  the initiation of nerve impulses 
in the axons of the sense cells (Hartline and Graham, '32; 
Granit, '47). 

It has been frequently suggested (Hartline, '35; Wulff, 
'43 ; Granit, '37)  that the retinal action potential is a genera- 
tor potential producing local currents and initiating the trains 
of impulses in optic nerve axons. Recently i t  has been 
demonstrated (MacNichol, Wagner and Hartline, '53) with 
an  intracellular electrode, that illumination causes a pro- 
longed depolarization of the sense cells (presumably the 
eccentric sense cells) in the onimatidia of the Limulus lateral 
eye and that this depolarization is accompanied by the ap- 

These studies were aided b y  :I roiitrnct brtwrcn the  Office of Naval Rcscnrrli, 
1)cpartmrnt of the Xnvy and S ~ r a c u s e  IJiriversity, NR 119-266. 
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pearanee of nerve impulse trains in the same cell. The 
depolarization measured with the intracellular electrode pre- 
suniably is  the intracellular sign of the retinal action potential 
recorded with extracellular electrodes. Although the retinal 
action potential has been shown to be directly associated 
with the nerve impulse discharge only in the case of the lateral 
eye of Liniulus, we subscribe to the general idea that retinal 
actioii potentials are  genemtor potentials. 

Between the photochemical event in vision and the pro- 
duction of the retinal actioii potential processes and/or 
reactions must occur which produce the potential change. 
These coupling reactions between the photochemical event 
and subsequent events in vision have long received the atten- 
tion of investigators (Hecht, '19 ; Hartline, '28 ; Jahn, '47 ; 
Wald, '51). Despite these efforts, the nature of the coupling 
processes remains obscuw. It is the purpose of this paper 
to present a possible ltinetic inodel of coupling processes 
which quantitatively describes many characteristics of the 
mtinal action potential. It has heen used in a predictive 
capacity to indicate fruitful iiem directions for experimental 
work. 

Wulff and Paiidazi ('51) reported that flash durations from 
15 mscc. to 1.0 second a t  constant intensity administered to 
a dark adapted photoreceptor produced electrical responses 
whose magnitude increased hut whose latent periods were 
constant. These data thus indicated that two processes may 
he involved - one controlling the potential, the second con- 
trolling the latency. TWO iriodels were formulated, the first 
to describe the relation between intensity, flash duration and 
magnitude of tlie retinal action potential; and the second to 
describe the relation hetn-een intensity, flash duration and 
the latent period of the i*etinaI action potential. 

METHOD 

The experiments were performed on dark adapted grass- 
hoppers (Melanoplus ni~trcrci.ztinlis). The animals were se- 
c u i ~ l y  fastened and a charnhei. was h i l t  about each of the 
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two lateral compound eyes. These chambers were filled with 
0.9% NaC1 solution, and each chamber made contact with a 
calomel half cell through a salt bridge. The half cells were 
coiinected to the input grids of a D.C. amplifier. The animal 
was so placed in a plastic container that  the cornea of one 
eye could be exposed to a light flash admitted by the opening 
of a series of shutters, while the other eye remained in total 
darkness. 

The interior of the chamher ~ v a s  ventilated by a constant 
stream of air at the temperature of water which circulated 
constantly through t ~ 7 0  copper heat exchangers built into the 
top and bottom of the animal chamber. Temperature was 
measured in terms of voltage developed by a copper-constant 
in thermocouple, with reference to a similar junction at 0"C, 
using a potentiometer circuit. Temperatures were regulated 
within 2 0.2"C of any given value. The air  inside the 
chamber was approximately saturated with water vapor. 

The animal chamber was securely fastened to a movable 
stage inside a Faraday cage, and the eye of the animal was 
oriented so that the cornea was a t  the focus of the light beam. 
The cage was then shielded from light and the animal was 
permitted to dark adapt. 

Experiments were begun after two to 1 2  hours of dark 
adaptation. An interval of one hour between flashes proved 
to be necessary to permit complete recovery from the effects 
of preceding flashes. It was desirable to obtain a complete 
set of data from each animal; consequently the experiments 
were of several days duration. The grasshoppers, however, 
were not adversely affected by the experimental treatment 
and even after two weeks in the experimental chamber, 
resumed a normal existence upon return to the colony. 

After the temperature had reached the desired level the 
csperimental procedure consisted of adjusting the intensity 
of the light to the desired level. using Wratten neutral filters, 
and admitting a flash of light of 100 microseconds d ~ r a t i o n . ~  

The high speed shutter was dcsigned by Frank J. Fry  mid assenibled under 
his supervision. We express our  appreriation t o  him. 
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The electrical responses of the photoreceptor and of a photo- 
cell, to which a portion of the light beam had hecn diverted, 
were fed into D.C. amplifiers the outputs of wliich were 
recorded by pens on moving paper aiid by photographing 
the display on the face of a two-channel cathode ray  tuhe. 
1 he paper receiving the ink tracing moved at 25.0 2 0.25 cm 
pei. secoiid, aiid the sensitized paper photographing the cath- 
ode ray tube display moved at  50.0 t 0.25 cm per secoiid. 
After each record the deflection produced by a pulse of 
I a i o ~ v n  voltage was recorded. A perforated disk driven by 
a syncliroiious motor past a light source supplied the time 
lime of the camera. After an adequatc interval for dark 
:idaption, another flash w a s  admitted. Flash duration was 
varied by steps of 0.5 log units from 100 microseconds t o  
0.3 seconds. Intensity was varied by a factor of 10 from 
10" (unit illtensity = ll ,S00 foot caridles tit the C O ~ C R )  to  
1 x 10-4. 

A total of 16 esperimcnts wei*e performed on grasshoppers. 
Although all the data 01,tainecl exhibited similar relations, 
siiigle sets of data \WIT selected for the text. 

The riieasurcincntb of inagiiitude and the latericy were made 
as follows: (1) the liasc line w a h  extended below the re- 
sponse and tlie point of greatest deflection was nieasurcd 
and tlie voltage coinputcd ; ( 2 )  the point wlzcre the tracing 
could be seen to Icavc the base line was niarked as the end 
of the latent period and the interval f rom onset of illumina- 
tioil to this lioiiit was nieasurc~i and coiivei.ted to seconds. 
The espei~imeiital er1.01. has lxcii estimated at  t 3% and the 
re~)i*oducil)ility of data fiwni tlic saiiic e spe~~ ime~i t a l  animal 
\va5  found to 1,e allout 2 10%. 

r i  

A.  n t r t c i  rind thonl-!l pcrtnining t o  retincrl 
actioia potcjuticrl mnpzit irclc 

\Yhen the eye of a grasshol)pci* is illuniinated ivith a short 
flash of light there ensucs ii pei.iod of tinic during which 
110 measurable electrical cliaiige occurs. This is followed 1 ) ~  
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a gradually developing negativity at the illuminated cornea 
which reaches a crest and then declines (fig. 1). If the flash 
duration is maintained constant and the intensity is decreased, 
a series of responses are obtained of decreasing magnitude 
and increasing latency. Similar series of responses have been 
obtained with a variety of flash durations. 

Responses to 0.1 msec. flashes at different intensities 

Grasshopper 
cal. 

I 18 loo 
\stimulus signal --- 0.3 mv. 

10-2 

. 
- ,time mark-0.1 sec. - - - 

I 0-3 

10-4 - 

- - - - 
Fig. 1 A series of electrical responses recorded from the eye of a grasshopper 

(Melanoplus differentialis) illuminated with flashes of 0.1 inillisecond duration 
and varying intensity. The recording paper speed for  the grasshopper records 
was 50 em per second. The records have been retouched. 
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I .  The o#cct of intensit9 uizd duration of illumination on. 
tltv r o t i m l  act ion  potent ial  wcignitude. The data obtained 
f i w m  oiie grasshopper niaintained in the dark at 30°C are 
l ~ i ~ s c r i t e d  in figure 2. The dots of figure 2 relate peak mag- 
iiitude of the retinal action potential to the logarithm of the 
flash duration, measured in seconds, a t  .5 difei*erit intensities. 

REL. INTENSITY 

loo 
0 0 .  

5 
3 5  
1 

0 > 

f 

I -3 - 2  - I  0 
LOGOFLASH DURATION 

k’ig. 2 Tlir clowtl ciwles rcyreseiit tlic n~;~simuin voltage recorded froin grass- 
hopper eycss in  respoiise t o  illumiil:~tion with different intensities and exposures. 
Tllc curves rctprcseiit tlrc t,licoretic;il relationslrip between voltage, intensity and 
fl:isli durntio~i giveii b~ c sp rcs s io~~  (4) of tllc :iiinlysis. 

‘lhc i’esyonw rmgiiitucle at  constant intensity increases with 
iiicreasiilg flash duration and tends to reach a constant value 
at  flash durations in the rangc 0.01 seconds to 0.025 seconds. 
(Thc spccific value is determined by the intensity.) Similar 
data were obtained in 15 other experiments. 

Ylic I i i l t C t i C  ~ o t l c . 1  of ( I  pot(>9qti(ll producing r vac t i on .  The 
model formulated to desciilw the niagnitudc characteristic 

2. 
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of the retinal action potential may be verbally stated as 
follows : (1) light acts on a photosensitive substance S in the 
photoreceptor producing a material C ;  (2)  the substance C 
accumulates a t  a rate proportional to the light intensity and 
is depleted at a rate proportional to  the difference between 
its concentration a t  any time and its concentration in the 
dark adapted, unilluminated eye ; and (3) the potential mag- 
nitude developed after the lapse of the latent period is pro- 
portional to tlie logarithm of the concentration of C at the 
instant the flash ends.j 

In the formal description of the essential characteristics 
of the model, capital letters designate substances and lower 
case letters designate concentrations and/or magnitudes. We 
assume that the exposure of a substance S to  light produces 
a substance C (Wald, '51). Let the time rate of conversion 
of S be given as follows: 

which implies that the amount of S is not appreciably de- 
pleted during illumination. We assume that N molecules of 
C follow from the one of S and that the concentration of C 
changes in accordance with the following expression : 

( 2 )  _ -  dc - bI  - k (c - el), 
at 

where b is proportional to N * a and k is the decay constant. 
If the concentration of C in the dark adapted unilluminated 
eye is el, and if the illumination begins a t  t = 0 and stops 
a t  t = t, then from (2)  it follows that the concentration of 
C a t  a time equal to or greater than t, is 

e = c , +  '1 ( 1 - e - k t , ) .  ( 3 )  k 

TT'e assume that the magnitude of the voltage difference, E, 
measured across the retina is proportional to the logarithm 
of the ratio of c to el. This is expressed as follows: 

(4) 
E = a log  [l +--- hJ (1 - e - k t , )  1, 

c,k 

The theory is being extended t o  include tlie depletion of the substance C af te r  
termination of the flash. 
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where E is the voltage, t,  is the flash duration and a is the 
propor tioriality constant .6 

The coiitiriuous lines in figure 2 were computed using rela- 
tion 4. The general agreement between data and theory is 
good. Two discrepancies deserve comment. First, the pre- 
dicted plateau value for the response magnitude versus log 
t ,  curve for intensity 10" (fig. 2 )  is higher than the measured 
plateau values. This discrepancy can be removed if the theory 
is modified to include a factor for depletion of S, the photo- 
sensitive material, during the course of illumination. The 
iiiclusion of this factor into the theory is readily achieved. 
It has the effect of decreasing plateau values at high intensi- 
ties and also moves the bend in the response curves to the left. 

Secondly, there is deviation between theory and data a t  
the low intensity, short flash duration end of figure 2. W e  
believe this discrepancy exists because the retinal action 
potential of the grasshopper eye in response to low levels 
of illumination is confused by a second potential wave whose 

from our data (fig. 1). 
characteristics are  not amenable to experimental evalu a t' 1011 

B. Datu and t lwory prrttrining t o  the  latent period 

1. T h e  c f e c t  of intensity and dura t ion  of i l luminat ion  o n  
thc  latency of t he  retinul nct ion  potcntinl .  The data obtained 
from one grasshopper maintained in the dark a t  20°C are  
presented in figure 3. The data, represented by the circles 
and crosses, a re  the latent periods in seconds plotted as a 
function of the logarithm of the intensity for different flash 

The constants may rcadilg be evaluatcd as follows: (1) the quantity a is 

equal to the slope of the linear portions of the curves of response magnitudc verbus 

log flash duration of figure 2, symbolirally a = A t l  ; (2)  the rate constant, k, 
may be evaluated from the flash duration, t,,, at the intersection of the liuear 
rising portion and the plateau region for  intermediate intensities, using the 
relation k = l / t f o ;  ( 3 )  thc quantity 'I can he determined from plateau values 
of the response magnitude f o r  intermediate intensities by using the relation 

A E  

( I  

E = alog (1 + > I  . 
('1 1% 1 
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durations. The latency exhibits a progressive increase as 
the intensity is decreased (see also figure 1). At any one 
intensity, the latency increases as the flash duration decreases. 
The change in latency when the flash duration is decreased 
from 0.1 second (flash duration greater than the latent period) 

0.111 

*o.o 9 
0 
W 
v, 

Ao.0 7 
0, a 
n W 

I- z 
W 
l- a -10.03 

0.05 

0.0 I 

0 

Legend 
0- 0.0001 sec flash duration 

0 -  0.001 

x -  0.01 

m . 
o w  

u r n  

0 -  0.001 - 
x -  0.01 
0 -  0.1 

. 
u r n  

I I I I I I I I I 

- 6  -5  - 4  -3 - 2  - I  0 I 
LOG10 INTENSITY 

Fig. 3 The circles and erosses represent the latent period of the retinal action 
potential of the grasshopper plotted as a function of the logarithm of the in- 
tensity with the duration of exposure as a parameter. The curves are the theo- 
retical relationship between latent period, intensity and flash duration given by 
expressions (6) and ( 7 )  of the analysis. The theoretical curve corresponding to  
the experimental points for 0.01 second flash duration (crosses) has been omitted 
because i t  is so near the curve for 0.1 second flash duration as to be almost indis- 
tinguishable on a graph the size of the figure. 

t o  0.01 second is very slight. For changes in flash duration 
from 0.01 second to 0.001 second and from 0.001 second to 
0.0001 second the changes in latency are considerably greater. 
However, the percentage change in latency from exposures 
of 0.1 second to 0.0001 second is nevertheless very small com- 
pared to the thousand-fold change in the exposure. 
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2. T h e  k ine t ic  m o d e l  of a process  controllivzg the la ten t  
per iod .  A model was formulated to describe the relation be- 
tween the latent period of the retinal action potential and 
the intensity and duration of illumination. The model may 
be described as follows : (1) light, acting on a photosensitive 
substance S produces a substance or factor P ;  (2)  P accumu- 
lates by two processes, one at a rate proportional to the in- 
tensity of illumination and the other proportional to the 
concentration of P. The second process is autocatalytic; 
(3) the substance or  factor P accumulates and, when it reaches 
a critical concentration, pc, the electrical response begins, 
that is, the latent period terminates. 

In  the formal description of the essential characteristics 
of the model capital letters designate substances or factors 
and lower case letters designate concentrations and/or mag- 
nitudes. The rate of production of P is given by the following 
relation : 

d1' = I1p + I l l  ( - 5 )  
dt 

where p is the coiicentration or magnitude of the factor P. 
The constant 11 is the autocatalytic rate constant. If we 
assume that t = 0, p = 0 then (5)  yields for the latent period, 
t,, the following relation when the flash duration is equal to 
or less than the latent period ( t i  4 t,,) 

where t, is the flash duration. When the flash duration is 
equal to or greater than the latent period (tf  1 tL) then (6) 
is replaced by 

htl, = (In 10) log --+ 1 [: 
'The  constants in  these equations (6  and 7 )  are easily evaluated from the 

latency data, figure 3. The constant, 11, can be evaluated from the slope, m, of 
the line drawn through the lowest set of points in figure 3, by using the relation 
m =&'!. The intercept, I , ,  of the same line on the horizontal axis yields the 

constantPT from I, =!% . 
h 

n n 
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Although the theoretical development was stimulated hy 
the observation that the latent period was not affected by 
flash duration from 0.015 second to 1.0 second (Wulff and 
Pandazi, 51), the theory predicted that latent period should 
vary with flash duration. The data presented in figure 3, 
which extend over a greater range of flash durations from 
0.0001 second to 0.1 second, do indicate that the flash dura- 
tion affects the latent period. The continuous lines in figure 
3 are  computed using equations (6)  and (7).  

It is noted from figure 3 that the experimental data for 
short flash durations and low intensities deviate from the 
linear relation indicated by the theory. This deviation is 
probably associated with the difficulty of measuring the latency 
from the tape records at low response magnitudes. As the 
magnitude of the response becomes small the error introduced 
in determining the position on the record at  which a devia- 
tion from the base line occurs becomes larger and tends to 
yield greater values of the time. This explanation of the 
discrepancy between theory and data was substantiated hy 
observing that when the gain of the amplifier system was 
reduced (resulting in smaller deflections on the tape) the 
deviation from linearity occurred a t  high intensities and 
larger flash durations. 

The deviation from linearity at high intensities and lony 
flash durations, figure 3, can be satisfactorily accounted for 
by the appreciable depletion of a light sensitive substance. 
This modification of the theory has been formulated and ap- 
plied to the data (lowest curve of figure 3 ) .  

DIscl-ssIo?J 

The evidence which has accumulated bearing upon the 
peripheral visual process in photoreceptors suggests that the 
initial event in vision is the absorption of radiant energy 
by light sensitive unstable pigments, of which rhodopsin is 
the most familiar example. Following this photochemical 
event there occur, after the lapse of some time, electrical 
changes in the photosensitive cells which culminate in the 
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discharge of nerve impulses. Recently MacNichol et al. ( '53) 
demonstrated that illumination of the lateral eye of Limulus 
produces a depolarization of sense cells and that the dis- 
charge of nerve impulses is associated with the wave of 
depolarization. One of the major problems in the periphcral 
visual process which awaits solution is an  elucidation of the 
events which follow the photochemical event and precede the 
electrical events. 

The work of Wald and co-workers which has  centered 
around the photochemistry of rhodopsin, the vertebrate rod 
pigment, has provided some data which may prove to be im- 
portant in the coupling processes between the photochemical 
a i d  electrical events. Wald ('51) has identified two sub- 
stances, lumi-rhodopsin and meta-rhodopsin, which have a 
brief existence a t  temperatures compatible with life. The 
transient existence of these substances suggests that they 
may play a role in peripheral vision. More recently M7ald 
and Brown ( ' 5 2 )  have demonstrated that rhodopsin, illumi- 
nated when in an  amperometric titration cell, binds silver 
ions. Various lines of evidence led Wald to suggest that the 
observed change in cation concentration was caused by sulf- 
hydryl groups, suddenly uncoupled by the action of light, 
absorbing cations in the solution being titrated. The time 
characteristics of the current change were not indicated. An 
event of this kind, producing an electrical change, might be 
identified with the model pertaining to the potential magni- 
tude. 

The kinetic model presented above consists of two parts, 
the potential magnitude process and the latency process. 
The two processes a re  both initiated by light but, subsequently, 
there is no obvious relation between the two. It may, indeed, 
be debated whether two separate processes are  necessary to 
account for the characteristics of the retinal action potential. 
Our belief that two processes are  necessary is based upon the 
following observations. (1) The starting point for the de- 
velopment of the theory was the difference in the behavior 
of potential magnitude and latent period with respect to the 



POSSIBLE RETINAL COUPLING REACTIONS 259 

duration of illumination. This difference in behavior is fur- 
ther emphasized by the results obtained in the course of 
experiments reported above. The magnitude versus log t, 
data (fig. 2 )  indicate there is a t  each intensity a flash duration 
beyond which the response magnitude will not increase, re- 
gardless of the length of flash. This flash duration, called the 
critical duration (Hartline, '28) , does not correspond to the 
latent period. Our experiments show that there is no fixed 
relationship between the critical duration and the latent pe- 
riod which holds for  all the animals examined. (2) Further, 
the models have been used to predict results which have been 
strikingly verified by experiment. The latency model accu- 
rately predicted the dependence of latent period on flash 
duration at constant intensity which was later determined 
experimentally (fig. 3) .  (3)  The effect of temperature on the 
characteristics of the electrical response of the grasshopper 
eye again points to two distinct processes (Fry, Wulff and 
Brust, '55). In  the grasshopper temperature does not affect 
the response magnitude on the rising portions of the mag- 
nitude vs. log t,  curves but the latencies for the same responses 
are markedly temperature dependent. Our conviction of the 
necessity of two coupling processes has been considerably 
strengthened by the temperature effect on the latency and 
magnitude of the retinal response. 

Another prediction made by the theory concerns the effect 
of temperature on the plateau magnitudes of the response 
curves. Expression (2)  of the potential magnitude model 
suggests that, if the decay process is temperature dependent, 
then a rise in temperature should accelerate the decay process 
and decrease the plateau magnitude. Conversely, a drop in 
temperature should slow the decay process and increase the 
plateau magnitude. These predictions have been confirmed 
experimentally and are presented in the following paper. 

The models have thus far stimulated considerable experi- 
mentation. I n  addition, they suggest that the time course of 
the coupling processes are sufficiently slow to be measurable 
spectrophotometrically, if the optical densities of materials 
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a re  great enough. Experiments are  underway to test this 
idea. 

It is probable that the elucidation of the potential gener- 
ating nicchanism in photosensitive cells may increase our 
insight into generator potential phenomena within the iicr- 
vous system. 

SUMMARY 

1. The magnitude of the retinal action potential obtained 
from dark adapted eyes of grasshoppers is a function of the 
intensity and duration of illumination. The form of this rela- 
tion is consistent from one animal to another. 

The characteristics of the relation between action po- 
tential and intensity and duration of illumination arc 
reasonably accurately described by a theory which 
assumes that : 

(a)  

The light acts on a photosensitive substance S 
producing a material C whose concentration 
manifests itself as an  emf across the retina after 
the lapse of a latent period. 
The time rate of production of C is proportional 
to the light intensity and the rate of depletion, 
during illumination, is proportional to the dif- 
ference between the concentration of C at any 
time and the equilibrium concentration in the 
dark adapted eye. 
The maximum values of the emf generated after 
the lapse of the latent period are  proportional 
to the logarithm of the concentration of C at 
the instant the flash ends. 
experimentally determined relation between re- 

sponse magnitude and logarithm of flash duration, for 
any single intensity, exhibits the following: ( i)  a 
slowly rising phase at short flash durations; (ii) a 
linear region at intermediate flash durations ; and 
(iii) a plateau region as the flash duration increases 
further. 
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(1) I n  the linear region and below, curves for dif- 
ferent intensities show that a constant value of 
response magnitude is obtained for a fixed value 
of the product of intensity and flash duration. 
This characteristic is derivable from the hy- 
pothesis that C is generated a t  a rate propor- 
tional to the intensity of illumination arid that 
the emf across the retina is proportional to the 
logarithm of the concentration. 
The magnitudes of the response in the plateau 
region (i.e., long flash durations) are, for equal 
logarithmic increments of intensity, uniformly 
spaced a t  intermediate response magnitudes, 
compressed together a t  low response magnitudes 
and also compressed together at high response 
magnitudes. The existence of the plateau re- 
gions is correlated with the depletion process 
for substance C. The data are quantitatively 
described by the theory presented in this paper 
except for the compression a t  high response mag- 
nitudes. To explain this compression it is su6-  
cient to include in the theory the dependence of 
the rate of the initial photochemical process on 
the concentration of the light sensitive substance 
S, which for high intensities and long flash dura- 
tions, is appreciably depleted during the flash. 

2. The latency of the retinal action potential is, for a single 
flash duration, a linear function of the logarithm of the in- 
tensity over almost the entire range of intensities used in 
the experiments. The latency is a relatively insensitive func- 
tion of the flash duration. 

The characteristics of the relation between latency 
and intensity and flash duration are accurately de- 
scribed by a theory which assumes that: 
(1) The time rate of production of a factor or state 

P whose magnitude determines when the elec- 

(2)  

( a )  
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trical response begins is proportional to the 
intensity of illumination and is also autocatalytic. 
When the magnitude of the factor P reaches 
some critical value the electrical response begins. 
The linear portion of the experimentally deter- 
mined relation between latent period and the 
logarithm of intensity for  a constant flash dura- 
tion is accurately described by the theory based 
on an autocatalytic rate process initiated by the 
light. 
The latent period varies only very slightly with 
flash duration as the flash duration becomes less 
than the latent period. As the flash duration fur- 
ther decreases the latent period changes more 
rapidly but still quite slowly compared to the 
changes in flash time. This characteristic of the 
latency is quantitatively described by the theory 
just mentioned. 
The experimental data show, for the highest in- 
tensities and longest flash durations, that the 
latent period is no longer a linear function of the 
logarithm of the intensity. As the intensity in- 
creases the latency appears to approach a finite 
non zero value. This aspect of the latent period 
is explained by modifying the theory to take 
account of the appreciable depletion of a light 
sensitive substance which occurs a t  high intensi- 
ties and long flash durations. 
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