
Light touch 

Colors from the black and white 
Believe only half of what you see, the 
adage says. This age-old wisdom is a 
warning that our sense of sight is easily 
deceived. Optical illusions can result 
from geometrical tricks that play havoc 

Spinning these patterns creates the 
illusion of color. 

with the preconceived notions of our 
perception—like Escher's prints. They 
can also result from the very physiol
ogy of the eye itself. 

One interesting and perhaps one of 
the most difficult to explain illusions 
related to the eye's physiology is the 
perception of color from spinning disks 
imprinted with patterns of only black 
and white. These so-called subjective 
colors,1 known as Fechner colors after 
the scientist who reported them in 1838, 
appear as a series of colored rings on a 
flickering grey background. Several 
examples of disk patterns, also called 
Benham's Tops, are shown in the fig
ures. To see the effect, carefully copy 

these patterns using a compass and 
ruler (or better yet computer graphics) 
and rotate them so that the circular 
arcs seem to fuse into complete—and 
colorful—circles. A convenient way of 
spinning a disk is to mount it on the 
thumbwheel of a sewing machine and 
adjust the speed until the colors ap
pear. Reversing the direction of rota

tion (or equivalently, using the mir
ror image of the disk pattern) will 
reverse the series of colors seen. 

From the beginning, this illusory 
perception of color was believed 
to be due to the variation of the 
retinal response time with wave
length. Photoreceptor response 
to light stimulation is not instan
taneous, but grows and decays in 

a non-uniform way. The profile of 
response and how quickly the re

sponse peaks depends on the wave
length sensitivity of the receptor. 
These temporal characteristics 
of the retina, combined with a 
stimulating disk pattern and 
an appropriate "flicker rate" 
of rotation, act to create im
balances in the color-sensi
tive mechanisms in the vi
sual system, producing the 
perception of color from a 
black and white pattern. 

Although early schemes1 

dealt with the differences 
amounting to milliseconds in 
peak response times of the red, 
green, and blue photoreceptors, 
these differences alone could not fully 
explain the effect. Even now, according 
to Joel Pokorny at the University of 
Chicago, no truly unassailable model 
for the phenomenon of subjective col
ors currently exists. However, more 
complex visual processes have been 
taken into account as theories are re
fined. 

Of the 100 million photosensitive el
ements (rods and cones) in the retina, 

about 6 or 7 million are the color recep
tors known as cones that come in three 
distinct types, each being sensitive to 
only a portion of the visible spectrum: 
the short, middle, or long wavelengths. 
However, only about one million neu
ral fibers are present to bring the modu
lated flow of signals from the rods and 
cones to the brain. So although in a 
small area of the central retina recep
tors are individually connected to nerve 
cells, most receptors are located in 
groups that share the same cell. These 
groups integrate receptors with differ
ent wavelength sensitivities. Such mix
tures of receptors are called color-op
ponent cells and respond differently to 
light than singly connected receptors. 
They may act, in fact, like neural net
works where individual receptors ei

ther stimulate or inhibit the total nerve 
cell response. Under normal (i. e., static) 
conditions, color-opponent cells help 
the eye detect very subtle color differ
ences. However, the flickering condi
tions caused by flashing lights or (in 
our case) rotating disks are thought to 
disturb the static operation of the vi
sual network. 

LEONORE PUGLIESE has a Ph.D. in optics 
from the University of Rochester. 

5 0 Optics & Photonics News November 1991 



In some theories, it is the interac
tions between either neighboring ar
eas of the retina2 or between sections 
of the color-opponent cell itself3 that 
are disturbed. The disturbances, in 
turn, affect the normal flow of retinal 
activity. In a very recent model,4 where 
effects are integrated over the entire 
photoreceptor response curves, flick
ering signals create an "imbalance in 
the response of the different color path
ways." The resulting disturbed signals 
from the flickering monochromatic 

stimulation in these models mimic 
stationary color responses, fool

ing the brain into seeing color. 
The particulars of how the 

spatial arrangement of the 
disk pattern, its contrast, and 
rotation rate act to alter the 
appearance of subjective 
colors are not well under
stood. More information on 
the complicated interactions 

that occur between compo
nents of the visual system, as 

well as new techniques to mea
sure those interactions, are needed. 

So for now, it seems wise to take our 
mother's advice—don't believe every
thing you see! 
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Letters (continued from page 4) 

ity, including the cloth's lack of histori
cal record before the mid-14th cen
tury, at which time a bishop reported 
that an artist had confessed to having 
cunningly painted' the shroud. This 

was the same time period indicated by 
the carbon-14 dating." I reiterate that 
the current evidence demonstrates 
convincingly that the Shroud of Turin 
is a clever forgery. 

Dr. Richard A. Crowe, Assistant 
Professor, University of Hawaii at Hilo. 

Female role models 

Editors Yes, "WANTED: Role models 
for women scientists & engineers" is 
correct (OPN, September 1991, page 
17.) But look on page 8 of the Septem
ber issue and tell me how many women 
you note in the nominations. Now look 
on page 2 of the same issue and note 
how many serve as chairs of the vari
ous councils, or as OSA officers. The 
editorial advisory board has two 
women, the list of contributing editors 
has one. 

I have been an educator for 30 years, 
first in physics and now in engineering. 
My interests are in optical engineering, 
materials science, and biomedical ap
plications of these areas. There are 
very few, if any, women in these fields. 
So where are the mentors? Where are 
the women serving on the national com
mittees of professional societies who 
can speak on behalf of women? More 
importantly, where are the women on 
the review panels for grants and con
tracts, whether private or public, who 
can assure that proposals for funding 
of research or teaching projects get a 
fair hearing? 

No, I am not volunteering. I am too 
old, and perhaps too cynical. But some
time soon, someone in a leadership 
position in a professional society is 
going to see that women are properly 
represented. Only then will younger 
women see that they have a future role 
in the leadership of their profession. 

Mary E. Cox, Professor of Physics and 
Engineering, The University of 

Michigan-Flint, Flint, Mich. 

Engineering (continued from page 41) 

When we calibrate an instrument, 
we reduce the systematic error and 
increase the accuracy. This term accu
racy bothers me. It is often defined as 
the deviation between the result of a 
measurement and the true value of 
the measurand and lower numbers 
are thus ascribed to high-accuracy 
instrumentation. This seems back
ward to me! If a manufacturer brags 
about an accurate interferometer, 
shouldn't it express accuracy as a BIG 
number rather than a small one? I am 
not interested in a 0.01 % accurate volt
meter. I want one that is 99.99% accu
rate. Perhaps a better term is uncer
tainty. I would much rather buy a volt
meter with a slated uncertainty of 
0.01%. By the way, we do not need to 
say "plus-or-minus" when referring to 
an uncertainty; it is implicit. 

Another aspect of "accuracy" speci
fications that deserve attention is the 
unstated confidence level. Can we as

sume that it is 3σ? Unlikely, because 
the specification would suffer in com
parison to an instrument that uses prob
able error, 0674σ. We cannot do an 
adequate error analysis, defining the 
uncertainty in our measurements, un
less we know the confidence level of 
our instrumentation. Come on, manu
facturers, pick a confidence level (I rec
ommend 2σ) and state it in your instru
ment specifications. Otherwise, I will 
continue to assume that you use prob
able error, and I will adjust to 2a. 

A final thought: calibration is a small 
block on the Gantt chart just prior to 
delivery. Because of this precarious 
position, it is susceptible to the old 
squeeze play: PLAN AHEAD. Know how 
you will calibrate your instrument. Be 
sure that sufficient funds are allocated 
to the task. Have the calibration facility 
prepared, tested, and ready to go. We 
certainly don't need any more Hubble 
Trubble! 
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