
processing. The procedure is greatly ac- 
celerated by photographing more than 
one unit per frame, eliminating disk- 
weighing, and substituting readings of 
one wavelength for spectral curve plan- 
imetry, all possible under certain condi- 
tions. 

The inherent superiority of photo- 
graphic over photoelectric recording of 
absorbance in heterogeneous micro- 
scopic objects was eloquently outlined 
by Ornstein (4) and later extended to 
include color transparencies (3). Men- 
delsohn (7) also described a method 
for converting black-and-white films to 
monochromes, with special application 
to the "two-wavelength method." Only 
Niemi (8) has applied the photographic 
method (standard microscope, silver 
analysis) to a quantitative study of 
erythrocytes in types of human anemia. 
The use of two microscopes and one 
light source in the photographic method 
eliminates concern for light source 
fluctuations, that otherwise demand 
rigorous control. The simplifying sub- 
stitution of white light and color 
film for monochromatic light and 
specially prepared monochrome trans- 
parencies shifts a measure of responsi- 
bility to the film manufacturer and 
processor, although monitoring of vari- 
ations in film emulsions and process- 
ing is a function intrinsic to the dual 
microscope procedure. 

The successful performance of these 
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A bstract. Stevens' terminal brightness 
function, an adaptation curve derived 
from power law data, closely agrees with 
Troland's just-noticeable-difference (jnd) 
summation for brightness. The power law 
itself describes sensation magnitude before 
adaptation to a test stimulus, whereas the 
Fechnerian discriminability law describes 
sensation magnitude after adaptation. 
This suggests their synthesis in a more 
general psychophysical equation. 

Stevens, Garner, Helson, and others 
(1) have done considerable work since 
the 1930's in developing scales to de- 
scribe the relation between the physical 
intensity of a stimulus and the result- 
ing subjective sensation. In the main, 
Stevens' work has been the most in- 
fluential and his proposed power func- 
tion law of sensation has found con- 
siderable acceptance, even though such 
acceptance has seemed to necessitate 
the rejection of Fechner's law, which 
has been in use for the last 100 years. 
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two light microscopes suggests similar 
arrangements for appropriate quantita- 
tive applications of ultraviolet, inter- 
ference polarizing, and fluorescence 
microscopes. The photographic basis 
would be essentially the same: forma- 
tion of a "chemical model" to a scale 
suitable for an object otherwise too 
small for dissection and macroanalysis 
(9; 10). 
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The sensory scaling system developed 
by Fechner was based on Weber's law, 
AI/I = C, in which the minimum 
detectable change in a physical stimu- 
lus, AI, is related to the associated in- 
tensity of the stimulus, I, by a constant, 
C. The idea of Fechner was that the C 
in Weber's law corresponded to a 
basic sensation unit, At, the "just- 
noticeable" sensation change which 
was associated with an incremental 
change in physical stimulus. He hy- 
pothesized further that the just-notice- 
able difference (jnd) had the same sen- 
sation magnitude at all intensity levels 
of the physical stimulus. Fechner's 
hypothesis was, then, that, Al/I = K1A,. 
If the equation is integrated after 
suitable mathematical assumptions, a 
form of Fechner's law is found that 
gives the magnitude of sensation as a 
function of physical stimulus intensity, 
I = Kiogl + C. Fechner's law is a 
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theoretical discriminability law, since 
it is based on a mathematical integra- 
tion of jnd's, units of discrimination. 
An empirically based discriminability 
law can be obtained, however, by the 
summation of empirically determined 
jnd's. This was done, for instance, by 
Troland (2). In both scales the basic 
assumption is that the sum of jnd's 
(sensation units) equals a sensation 
magnitude. 

Stevens, however, has found by di- 
rect estimation of the magnitude of 
sensation associated with a physical 
stimulus, that the psychophysical law 
is not a log function but is a power 
function, 4I, = KIn (sensation magni- 
tude is proportional to a power of the 
physical stimulus intensity). He has, 
therefore, suggested that Fechner's law 
be "repealed" (1). 

It is important to note, however, 
that a significant operational difference 
exists between the methods of Stevens 
and those of classical psychophysics, 
a difference which accounts for the 
discrepancy between the two formula- 
tions. In power law experiments, 
Stevens' experimental subject is first 
adapted to a given stimulus level and 
then is asked to estimate the sensation 
magnitude of a test-stimulus to which 
he is not adapted. But in classical 
psychophysics, the jnd's on which the 
discriminability law for brightness is 
based were determined only at stimulus 
levels to which the experimental sub- 
ject was essentially adapted. Troland's 
discriminability scale, it should be noted, 
is based on Hecht's averages (3) of 
the work of Aubert (1865), Konig and 
Brodhun (1889), and Blanchard (1918), 
all of whom determined jnd's at levels 
to which their subjects were essentially 
adapted. It can be inferred, then, that 
Troland's discriminability scale can be 
valid only after adaptation to a stimu- 
lus level, whereas power law scales 
can be valid only before adaptation. 

With this methodological difference 
in the construction of brightness scales 
in mind, it is of interest to consider 
the following: In a recent paper, 
Stevens (4) describes a brightness- 
luminance (psychophysical) relation- 
ship derived from power law data which 
he calls the "terminal brightness func- 
tion" and of which he says, it "does 
not follow a power law." Of significance 
is the fact that the terminal brightness 
function represents the brightness (sen- 
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perienced by an observer after adapta- 
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words, the function seems to represent 
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the brightness-luminance relationship 
which would be obtained by the use of 
Stevens' method of direct estimation of 
sensation magnitude, after adaptation 
to the test stimulus. 

Perhaps the most important point'to 
be made, however, is that the terminal 
brightness function corresponds very 
well to Troland's formulation of the 
discriminability law of brightness for 
the moderate and high intensities, over 
which Weber's law is most valid. Thus, 
the existence is implied of a psycho- 
physical law of which discriminability 
and power function laws are special 
cases and in which time (adaptation 
time) is an important variable. A re- 
cent theoretical formulation by Stewart 
of signal-noise interrelations as applied 
to sensory systems (5) seems to be a 
step in the direction of such a general 
psychophysical law, since it allows 
time-varying phenomena to be repre- 
sented and provides a mathematical 
framework into which newly discovered 
psychophysical relationships possibly 
can fit. Figure 1 shows the correspond- 
ence between the discriminability curve 
of Troyland (originally expressed in 
jnd's and photons) and the terminal 
brightness function of Stevens, against 
a background family of power law 
curves. 

Additional evidence which supports 
the interpretation that the adaptation 
curve (terminal brightness function) 
describes the classical discriminability 
law was obtained by me during a re- 
cent "sensory barrage" experiment (6). 
In this experiment a modification of 
von Bekesy's method of threshold mea- 
surement was used to determine the 
pain threshold and associated jnd's 
while other modalities (sensory systems) 
were simultaneously bombarded for 15 
minutes at varying intensity levels. 
Since in designing the experiment it 
turned out that the power law could 
not be used in any direct way to parti- 
tion a physical stimulus dimension so 
as to produce equal-appearing sensa- 
tion steps (under conditions of adapta- 
tion to the stimulus), an indirect 
method was developed. Suffice it to say 
that a sensory scale called the continu- 
ous adaptation function (CAF) was 
derived from Stevens' 1960 power law 
data for vision (7) and applied with 
satisfactory success (and with appropri- 
ate scale factors) to three modalities 
under bombardment: visual, auditory, 
and tactual. Stevens' numerous cross- 
modality findings with power functions 
suggested the cross-modality applica- 
tion of the adaptation function. The 
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Fig. 1. The experimental subject's brightness sensation (log brils) before adaptation to 
a sudden change in light intensity is shown by the power law family. Pre-trial adapta- 
tion level is the family parameter. The other four curves show essentially the bright- 
ness sensation after adaptation to the intensity level has occurred, and are Troland's 
jnd summation (allowing 20.3 jnd's per bril), Stevens' terminal brightness function, 
Fechner's logarithmic sensation law, and my continuous adaptation function (CAF). 
The curves are arbitrarily tied together near 95 db. 

continuous adaptation function was 
developed in answer to the question, 
"What is the brightness function which 
would be described if the luminance 
were increased so slowly that a jnd 
would never 'appear' on a Bekesy-type 
paper record?" Or, stated in another 
way, "What is the visual intensity 
function to which the subject is com- 
pletely adapted?" Troland's discrimina- 
bility curve was found, upon examina- 
tion, to have a remarkable correspond- 
ence to the continuous adaptation func- 
tion (see Fig. 1), and later, when I 
became aware of the terminal bright- 
ness function (derived by Stevens from 
totally different power law data), I 
saw that it and the function were 
essentially identical, allowing for dif- 
ferences in derivation methods and in 
the basic data. 

In addition to the other curves, a 
modification of Fechner's equation, 
represented by a series of filled-in 
circles, is shown in Fig 1. Fechner was 
aware of the fact that, at low stimulus 
intensity, "noise" in the visual system 
caused a deviation from the simple log 
law, and he proposed a correction term 
to be added to the intensity value. If 
the total inherent and induced "noise" 
in the visual system at medium and high 
intensity levels is approximately repre- 
sented by 0.000133 lam (about 61 db 
of luminance, physical intensity, rela- 
tive to 10-10 lam) then Fechner's law 
agrees moderately well with Troland's 

discriminability function and with the 
adaptation function and can be written, 
,I- = 0.477 log(I + 0.000133)-25.7. 
The values of the constants 0.477 and 
-25.7 represent, respectively, the 
slope and y intercept of the asymptote 
approached by the function on linear- 
log paper (sensation units in brils 
versus luminance in decibels) at high 
stimulus intensities. It is important to 
note that since the correction term in 
Fechner's equation is not actually a 
constant but is proportional to the 
stimulus intensity itself, owing to facili- 
tation and other neural and physical 
factors, the equation can only be an 
approximation and does not hold at 
all for stimulus intensities below 50 db 
(8). 
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