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Chapter 1

Comment by Jeremy Iaconne - Hollywood screenwriter: “Most anyone can have ideas
and inspiration. It takes craftsmanship to produce a work of art [in literature or music]".

Critique by Avi Gunther on pp. 5, 6 on Ravel and Einstein

After publication of my book, my son Avi was critical of my comments on Ravel and Ein-
stein as far as how I interpreted Einstein’s remarks on the difference between physics and
the arts. Avi felt that I did not correctly interpret Einstein’s statement: "If what is seen and
experienced is portrayed in the language of logic, then it is science. If it is communicated
through forms whose constructions are not accessible to the conscious mind but are recog-
nized intuitively, then it is art". When I wrote this section I felt that Einstein was implying
that the artist doesn’t use analysis and logic in the creation of a work of art. However, I
was ignoring the entire process involving both the creation and the experiencing of art and
science. Let us look at this process more fully.

The physicist analyzes data from observations and through analysis, inspiration, and imagi-
nation arrives at a theory 1 that summarizes observations in terms of mathematical relation-
ships among observables. Those who are capable of appreciating these relationships view
the beauty of these relationships in a logical, analytical way. It is a conscious process.

In the arts, taking music as an example, the composer might choose a framework for a
composition and use inspiration and audial imagination to produce a draft of the composi-
tion. However, typically for a great composition, deep analysis is necessary in the process
of creating the final written musical score. The score would include a choice of instruments.
Musicians who perform the piece of music must then create musical sound through analysis
and a choice of mechanical techniques (such as fingering, bowing and vibrato on a violin).
Finally we have the listener who, upon hearing the piece performed, has a musical experience
that will be for the most part, subconscious and not analytical. Yet, a person well educated

1 - not to be confused with the common misinterpretation of ’theory’ as representing some sort of hy-
pothesis.
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in musical theory can add greatly to the musical experience by noting the unique musical
theoretical relationships in the composition. This last aspect is analogous to the physicist’s
experience of the mathematical beauty of a theory.

We finally come to Einstein’s focus on the difference between the arts and science with re-
spect to "communication". It is probable that Einstein meant that it is possible to appreciate
a piece of art without analysis while such is not possible in the case of science. If so, we
should recognize that non-scientists might be able to appreciate somewhat the beauty of a
scientific theory without understanding the mathematical essence of the theory. Further-
more, modern music has a genre that some musicologists, such as Milton Babbitt, suggest
cannot and, moreover, need not be appreciated by the non-educated in musical theory.2

Additional Goals of the Book:
In everyday communications, we use a language that is often wrought with ambiguity. Here
are some examples:

We are very inclined to make comparisons. We should ask about how the comparison
is made or measured. We say “A is greater than B". Or, “A is an improvement over B".
[A and B might be devices or medications.] Or “A is smaller" or “A is larger". We should
determine by what measure the change is regarded as being significant? We will learn how
to be self-critical and careful about how we express ourselves.

We refer to the power of a weight lifter. What do we really mean by power? Is it the
endurance of the person? Or is it the maximum weight that can be lifted in a particular
competitive manner? Or is it the number of lifts that can be made in a given time period? In
this book, we will learn how to distinguish among related but different terms - force, energy,
power, sound and light intensity. As a result, we will learn how to think and communicate
about the relevant issues.

Problem 1/A1
Normal body temperature is said to be 98.60C. It is well known that in fact there is a range
of ’normal’ body temperatures -a range that is considered quite acceptable. Given this fact,
how is that the temperature is given to three significant figures?
To answer this question express this temperature in degrees Celsius, given that
0C = (5/9)(0F − 32).

Here is another example of how a choice of units introduces uncanny constants. The so called
’body mass index" (BMI) is defined in British units (feet for length, seconds for time, and
pounds for weight) as 703×weight in lbs/(height in inches)2. Here again, we have a strange
number ’703’ occurring with three significant figures. It wouldn’t seem to matter had the
number been chosen to be 700 precisely. Using kilograms for weight and meters for length
changes the coefficient to unity (one).
Confirm the above result. NOTE: One kiolgram is equivalent to about 2.20 lbs and one

2See "Who Cares if You Listen", http://www.palestrant.com/babbitt.html
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meter equals about 39.37 inches.

“Why Questions" in Physics vs. the Non-Sciences

In Physics “Why questions "are quite clear cut in that we look for an explanation for a
phenomenon, or better, a way to account for the phenomenon that is expressed in terms of
a theory that is more fundamental than that of the level of the phenomenon itself.

These words are quite abstract and might be meaningless for most people. So let me apply
these words to a particular “why question": "Why is the sky blue?" . A physicist would
reply by saying that the air in our atmosphere scatters sunlight preferentially towards the
blue end of the visible spectrum. The physicist might add that it is the higher frequency (or
lower wavelength of the blue end that matters. The questioner might well reply by asking
why air scatters light preferentially lower wavelengths. The physicist might reply this behav-
ior represents a fundamental nature of the scattering of waves by objects, here air molecules,
whose size is much smaller than the wavelength of a wave. In order to give the details the
physicist might have to use the mathematical wave theory of light, which might be beyond
the level that the questioner can handle. The questioner might ask how we know that air
is made up of molecules. The questions could go on and on, with corresponding responses.
Yet, will ultimately end when the response will be that we have reached the ultimate level
- the fundamental laws of Physics, for which there is no explanation. The are akin to the
axioms of Plane Geometry.

Let us now give an example of another phenomenon, better an event, that involves human
behavior. Recently (May, 2012), a group of musicians suddenly appeared one by one in a
plaza in Sabadell, Spain. [See the YouTube SabadellF lashMob. ]

Chapter 2

Numerical Values - order of magnitude, significant figures, relative change

Physics introduces many concepts that help us understand and analyze physical processes -
sound and light phenomena, in particular. However, ultimately we come to trust the claims
of Physics by relating observed numerical values of important parameters - such as sound or
light intensity and sound or light frequency - to how they are related to each other according
to the laws of Physics. We have noted that the values of physical parameters depend upon
the choice of units.

Order of magnitude
We begin by noting that while Physicists would like to know a value as precisely as possible,
they are also extremely concerned with what is referred to as the order of magnitude of a
parameter. Typically it is expressed by giving the value to the nearest power of ten. Thus,
for example, any value ranging from 5 to any value less than 50 is rounded off to ten. We
say that a value of 21 has an order of magnitude of ten. An adult has a height on the order
of magnitude of one meter, if we choose to use the meter as our unit of length. However,
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if we choose to use the foot as our unit of length, most adults have a height that is on the
order of magnitude of ten feet. Yet 10-ft is approximately 3 meters.

An atom has a diameter on the order of magnitude of one ngstrom ≡ 1 ≡ 10−8cm. The size
of the observable universe is 1027cm. The weight of most adults is an order of magnitude
of 100-lbs. The number of hairs on an adult with a full head of hair can have an order of
magnitude as high as 100-thousand.3

Significant figures
We often have to take into account how well we know the value of a parameter. The order
of magnitude is a very crude estimate of the value. I might measure the height of a given
person as being 1.7 meters. This value has two significant figures. One of the hairs on my
head might be measured to be 0.000432 meters. This number has three significant figures.
If my height is given as being 170 meters, I would not know whether the number zero is
significant. If yes, we have three significant figures; if not so, we have but two significant
figures. If we use scientific notation, we can be sure about the number of significant figures.
We would write 1.70× 102 in the first case and 1.7× 102 in the second case.

Note: the number of significant figures as a measure of how well we know a value is linked
to our use of the decimal system of numbering. If we were to use a binary system, each
change in the number of significant figures would corresponds to a power of 2.

Relative change
Suppose that you know that the frequency of a sound has changed by 4-Hz. Is this change
significant? Significance depends upon two factors: first is how large 1-Hz compares to the
original frequency. This comparison is expressed as the relative change:

relative change ≡ |change in value|
|original value|

(1)

Thus if the original frequency is 400Hz, the relative change is 4/400 or one part in a hundred
(0.01). We can say the change is one part in 100. If the change is −4-Hz. the relative change
would be 0.01 as well. Most significantly, the relative change in sound frequency corresponds
to the change in pitch: As we learn in Chapter 11, a change in frequency by about 6% or
one part in 16 corresponds to a change by what is referred to as a half-step. Is a change of
one part in a hundred significant? The answer depends upon the ear of the listener. For a
person with a ’good ear’, the change would certainly be significant.

Problem 2A: Suppose that the change in frequency is 4-Hz and the original frequency is that
of the lowest note on a double bass, about 41Hz. Determine the relative change in frequency.

3 We can arrive at this number as follows: The dimensions of a scalp is on the order of 30cm by 25 cm,
corresponding to an area of 750cm2. For a thick head of hair, the distance between hairs might be about
1-mm. Each hair takes up an area of about 1 −mm2, equivalent to (10−1cm)2 = 10−2cm2. Therefore the
number of hairs is 750/10−2 = 75, 000. On the other hand, if the distance between neighboring hairs in
3-mm, the area per hair would be 9mm2; in this case the number of hairs would be 75, 000/9 ∼ 8, 300 and
the order of magnitude would be 10,000.
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Now consider that the frequency of a stringed instrument is proportional to the wave velocity
along the string and therefore proportional to the square root of the tension T . In terms of
exponents, we have

f ∝ T 1/2 (2)
Suppose that the tension is changed a relatively small degree. That is, the relative change
is much less than unity. What is the relative change in the frequency? It can be shown that
the result is extremely simple. The latter is one-half the former:

∆f

f
=

1

2

∆T
T

(3)

For example, if the tension is reduced by 2%, the frequency will be reduced by 1%. Because
the frequency of a simple harmonic oscillator (SHO) is proportional to the square root of the
spring constant, the corresponding relative changes are again in a 2:1 ratio. As the frequency
is inversely proportional to the mass of the SHO, the relative changes are in a 2:1 ratio, with
one change being the negative of the other.

Problem 2B
In 2011, an experimental physics group announced that they had measured neutrinos (one
of the numerous elementary particles that constitute matter) to exhibit a speed greater than
the speed of light in vacuum - with the famous letter ’c’. The result excited many physicists
and was regarded as foolish by many others, including myself. The reason is that according
to Einstein’s Theory of Special Relativity no object can have a ’super-
Here are the numbers involved: The distance traveled was 454 miles and the measured time
of travel was 60ms.
Calculate the corresponding speed as well as the relative change over and above the value
c = 299792458m/s.

Problem 2C
What is the advantage of having two identical A strings on a particular dulcimer even if only
one string is plucked? [The third string is a D.]

Problem 2D
Why would one expect to have a better sound quality on Grand Piano, which has a greater
length?

Chapter 4

Problem 4A

In the attached graph of the decay of luminosity of the Super-Luminova phosphor, the in-
tensity drops from 11 units at a time of 180 minutes to 6 units at a time of 420 minutes.

Note we have a semi-log graph, with the log of the intensity shown linearly on the vertical
axis Thus we can read the decibel level directly off the vertical axis.
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(a) Mark the above two points on the attached graph.

(b) Calculate the rate of decay in decibels (dB) per minute.
HINT:
The change in decibels depends only upon the ratio of intensities and therefore not on the
units.

(c) From this calculation (NOT from the graph!), determine the dB level at a time 280
minutes as well as the corresponding intensity.

Chapter 5

NOTE: In figure 5.71, the upward direction of the electric field is related to the polar-
ization of light, discussed in Section 8.12. Thus, for the wave in this figure, the axis of
polarization is vertical.

Problem 5A
Suppose that a bar magnet is at rest with respect to a wire loop at time t=0, as seen in
figure A below. At t=1 sec, the magnet is moved towards the loop and brought to rest at
time t=2 sec, as shown in figure B. The magnet is at rest from time t=2 sec to t=3 sec .
From t=3 sec to t=4 sec it is moved back to position A and then kept at rest.

6



1. Below, sketch the resulting current in the loop as a function of time from t=0 to a bit
beyond t-4-sec. Indicate the times 0 sec, 1 sec, 2 sec, 3 sec, and 4 sec on the time axis.

2. Explain all aspects of your sketch, for each one-second interval of time using physical
principles, including Lenz’s Law, where it applies.

t=0 to 1 sec:

t=1 sec to 2 sec:

t=2 sec to 3 sec:

t=3 sec to 4 sec:

3. Draw a graph of the current flowing through the left loop vs. time during the process
of closing the switch and leaving the switch.

4. Draw a graph of the current flowing through the right loop vs. time during the process
of closing the switch and leaving the switch.

5. Use physical principles to provide the basis for the graph of the current through the
right loop.
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Problem 5B
In the figure below we have two coils of wire. An electrical wave generator produces a
sinusoidal current in the first coil, as indicated.

1. DESCRIBE fully what will happen in the second coil as a result of the current in the
first coil.

2. EXPLAIN in detail how this second current is produced. Make sure that you mention
all of the physical principles and/or laws that are involved!!
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Chapter 6

In section 6.7 Add to end of third full paragraph

fpeak ∝ T (4)
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Chapter 7

Further introductory remarks

Imagine yourself seated in a concert hall or in your living room, listening to a musical per-
formance. In both cases, there is a multiplicity sources of sound. In case of a concert hall
there could be a number of musicians seated in various positions. In case of your living room
you might have two loudspeakers. In both cases, there will be sound waves from the original
sources that bounce off the walls, ceiling, floors, people, and other objects a multiplicity of
times. Thus, there are many sound waves impinging on each of your ears.

What is the nature of the resultant wave that enters your ears? How is the resultant wave
determined by the individual component waves? These questions are the subject of this
chapter.

For simplicity, we will study only two sources of sine waves having the same frequency. If
we have two sources having the same wave form, we can easily extend the results as follows:

Step one: Analyze the wave form, determining the frequencies, amplitudes, and relative
phase of each Fourier component.

Step two: Determine the amplitude and phase of each Fourier component.

Step three: Synthesize the resultant wave by adding the new Fourier components.

Add to Sample Problem 7-2

So far we have omitted the fact that the intensity from an isotropic source is inversely pro-
portional to the distance-squared. [Of course attenuation will also take place also as light or
sound propagates through space, being extremely weak for sound in air. See Chapter 4 on
Energy.]

Discuss how this fact will qualitatively affect the result for this problem. Will there be no
amplitude or intensity at the point of interest?

10



Figure 7.16 replace with

In problem 7.5, you need the difference between segments SA and SB. If you calculate SA
and then calculate the difference with your pocket calculator, you are likely to obtain " zero"
because of the limited number of significant figures. The approximation in the Note avoids
this problem.
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Chapter 8

Figure of a Mojave desert mirage
Source: http://upload.wikimedia.org/wikipedia/commons/7/7c/Desertmirage.jpg

Problems Chapter 8

1. Problem 8A
In Chapter 8 we learned that on account of the Doppler effect, the observed color of
an object depends upon the state of motion of the object with respect to the observer.
In the acclaimed book, “Art and Science", by Leonard Shlain, [Harper Perennial, NY,
2007] the author claims that the Doppler Effect indicates that the color of an object
is subjective - not objective.

Discuss these questions and claims in terms of the Physics that we have presented in
this book. Are these questions at all subjects for Physics? - That is, can Physics
answer such questions? How does Physics distinguish between the physical state of a
system as opposed to observation? For example, does the relativity of kinetic energy -
that the KE of an object depends upon the state of motion of the observer - indicate
a lack of precision of objective knowledge about the object?
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2. Problem 8B
Which voices will be heard better through a crack in a door, high pitched or low pitched
ones? Explain.

3. Problem 8C
Which radio waves will be more easily picked up at large distances over hilltops, AM
or FM waves?

4. Problem 8D
Explain how reversibility applies to refraction, the thin lens formula, and to reflectance.

5. Problem 8E
A convex lens of focal length 20 cm receives light rays from an object with object
distance 30cm. Find the image distance. Is the image real or virtual? Erect or
inverted? Can a person see the image see the image viewed from the side opposite to
the object?

6. Problem 8F
Suppose we have a laser beam that has a power of 5mW and a beam area of 16mm2.

(a) Calculate the intensity of the beam.

(b) Now suppose that the beam is incident upon a wall that reflects the light diffusely.
In this case all people looking at the wall will see the image of the beam cast upon
the wall.
Your goal is to estimate the intensity of the beam that you see if you look at the
wall head on at a distance of 2-meters from the wall.

Proceed by assuming the reflected light can be approximated by assuming that
the light is emitted by a point source uniformly in all forward directions.

7. Problem 8G

(a) Suppose that you look at the number ’2’ directly on a piece of paper. Now look
at the number ’2’ as seen in a mirror by placing the paper in front of the mirror.
Which of the following will be the image of the number ’2’?

13



(b) Now look at the number ’2’ as seen by placing a converging lens between the
paper and you so as to produce a virtual image.
Which of the following will be the image of the number ’2’?

8. Problem 8H
In Section 4.9, we studied the Reverberation Time RT in a room associated with the
decrease in the sound level due to absorption on surfaces in the room. Remember that
the RT is the time it takes for a sound to decay by 60dB. In Section 4.8.3 we studied at-
tenuation of a wave while traversing a medium; such attenuation would be experienced
by sound in air. Yet the latter attenuation was not taken into account with respect
to the RT. One might think that this neglect is reasonable since this attenuation is
typically on the order of 10 to 100 dB/km for sound in air. We will now see that this
neglect is not always warranted.

Suppose that according to section 8.9, RT = one second. Suppose also that the atten-
uation in air is 100 dB/km.

(a) Imagine a sound wave starting out at some point in the room and bouncing off
the walls specularly as shown below. The red circle is the source. Continue the
rays in the figure so as to exhibit three more reflection off the walls. The rays are
assumed to be propagating in a horizontal plane. Draw a few more rays of sound.

(b) What is the total distance traveled by the sound wave in one second, assuming a
sound velocity of 340 m/sec.

(c) What would be the corresponding reduction in sound level?
(d) Note that we shouldn’t add the two contributions to the RT - one from absorption

by objects in the room and one from attenuation in the air. We would expect the
attenuation in the air to reduce the RT! In fact, it can be shown that the resulting
RT is given adding inverses:

1

RTtotal
=

1

RTabsorption
+

1

RTair
(5)

Thus, if 1
RTabsorption

=1 sec and 1
RTair

=1 sec , the total RT is one-half second.

Confirm this result.
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9. Problem 8I
Snell proposed his empirical law without mention of the sine function. Keen obser-
vation and study led him to the following result: In figure 9 we see an incident ray
refracted when passing from medium #1 into medium #2. We see the usual normal
through the point of entry of the ray along with a second normal to the right.
According to Snell, the ratio of the lengths PA to PB is the same for all pairs of rays
and a given pair of materials.

Prove that this statement is equivalent to the expression for Snell’s Law in terms of
sines.

Figure 1: Snell’s analysis of refracted rays

10. Problem 8J
Consider a laser beam in air #1 with wavelength λ=600nm incident normally on an
interface with water, having an index of refraction 1.33. Under the water #2, there is
a diffraction grating with 6000 grooves per cm. See figure 10.

Determine the angle θ1 of the first order of interference.

Beware that you will need the wavelength of the laser light in the water, not the air.
Also recall from lecture that

the frequency of a wave doesn’t change upon passing from one medium to
another!

A justification for this fact is given in footnote 7 of section 8.6.

16



Figure 2: UnderwaterGrating

11. Problem 8K

Repeat problem 8/29, with the change that the train is stationary and the observer is
a person driving in a car towards the train or (second calculation) away from the
train at 100km/h.

17



Chapter 9

Figure of Eye and Ear revealing their full spatial relationship in the head. Also shown is
cochlea implant, which is discussed in Section 9.7.3. It has a receiver, a transmitter, and a
cable that enters the cochlea with leads attached to various points on the basilar membrane.

Source: Michael Dorman and Blake Wilson, The American Scientist, vol 92, p 436 (2004)
http://www.americanscientist.org/issues/feature/the-design-and-function-of-cochlear-implants/2
Figure by Stephanie Freese
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Chapter 11

Problem 11A - Issues in the tuning of a contra-bass

A violin, a viola, and a cello, have neighboring strings that are a fifth apart. Once one tunes
the A string - to say, 440 Hz for the violin or viola and 220Hz for the cello, the other strings
can be tuned by playing the neighboring strings so as to produce maximal consonance. Tests
reveal that the corresponding frequency ratios are very close to being a JUST fifth, that is,
3:2.

Consider the violin, whose strings are - from the lowest to the highest - G, D, A and E.
A simple mathematical calculation reveals that the resulting frequency of the G is Just with
respect to the A and the E. Thus, fG = (2/3)2fA = (1/2)(8/9)fA. On the other hand, for a
Just interval between the G and E we would need fG = (1/4)(6/5)fE = (3/10)fE. Instead,
we have fG = (2/3)3fE = (8/27)fE. The ratio of the actual to the Just is a syntonic comma
(80/81).

1. The viola’s strings are C, G, D and A. The cello is tuned an octave lower. Show that
in tuning either as above, resulting G is a Just interval from the A. Next check the
interval between the C and the A.

Now consider the tuning of the contrabass (or bass) whose strings are E, A, D, and G.
While the E and G strings of the violin are not tuned to a Just interval, it is important
that the G string of the bass match that of the cello. You will now proceed to study
this issue. The neighboring strings are a 4th apart. Assume that the strings are tuned
with neighboring strings being Just intervals, that is, a frequency ratio of 4:3 between
each neighboring pair of strings.

2. Show that the E and G are not Just intervals. In fact if the A is set at 55Hz so as to
be three octaves below that violin’s A set at 440Hz, equivalent to two octaves below
the cello’s A, the resulting frequency of the G is not the same as that of the cello’s G.

3. Show that the above discrepancy for the contrabass doesn’t arise if the E is tuned to
be a Just fourth below the A and the G is tuned so as to be in resonance with the E
by matching corresponding overtones.
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Chapter 12

Problem on Peripheral Vision

At a recent visit to renew my driver’s license, my eyes were tested for the quality of my
peripheral vision. I was asked to stare straight ahead into an enclosure at an image on a
screen. I was then asked to comment on what I might see off to the sides. I reported seeing
two puny yellow lights, one at 900 to each side.

The examiner told me that there were lights off to the side but that they were green, not
yellow. I asked whether it was common for people to see lights to the side that were not
green, to which she responded, "Yes". She let me see the lights head on; interestingly, they
appeared yellow-green to me, not green.

Why is it reasonable to expect that people would make this mistake?

By the way: She accepted my level of peripheral vision.

Chapter 13

A friend of the family, Daniel Mehr, shared with me an interesting experience that he had in
painting the walls of a room in his home. Unsure of the color he wanted, he painted the four
walls with four different paints - a lilac colored paint, a lavender colored paint, a mixture of
the lilac and lavender colored paints, and a gray colored paint [which he was certain not to
choose].

Daniel chose to paint all four walls with the mixture and was quite surprised to find that
the colors of the four walls were all different. In fact, among the colors were one that was
similar to the pure lilac paint, one that was similar to the pure lavender paint, and two that
were close to like what he remembered seeing when he chose the mixture!

Daniel returned to the paint store to report his dismay, only to be told to check his recessed
light bulbs. Returning home, he found that they were all CFL bulbs, but of different colors!
Whereupon, Daniel placed the preferred light bulb in all the sockets - with great satisfaction.

Daniel’s experience should remind us that the apparent color of a painted wall has a spectral
intensity that is a product of the spectral intensity of the light reflected by the painted wall
when illuminated by equal energy white light and the spectral intensity of the actual light
incident upon the wall.

20



Chapter 14

Added Problems for Chapter 14

Problem 14A on Successive Contrast of Pairs of Colors

The yellow color patches in the bottom half of figure 3 below 4 have identical colors. Stare
at the top half of the image for about 20 seconds. Then quickly look at the bottom half.
Normally, the two circles of yellow will appear as two different colors.

Explain the reason for this phenomenon.

Figure 3: Successve Color Contrast

4 Source: http://upload.wikimedia.org/wikipedia/commons/thumb/e/e2/Successive_contrast.svg/2000px-
Successive_contrast.svg.png
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Problem 14B “Does an object have color?" Does a so-called ’red object" possess redness?
Even at the time of writing of this book, Philosophy courses present this question as a serious
one in the philosophical domain. What is the meaning of this question?

REVISED FIGURE of US FLAG for Chapters 12 and 14
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Color Harmony

Petr Staniček 5 has posted a website – http://colorschemedesigner.com/ – that provides a
means of assembling sets of harmonious color swatches. It is based upon a color wheel that
is different than the Preucil wheel of hues. For both wheels, RED is at 00. However, instead
of GREEN being at 1200 and BLUE being at 2100, YELLOW and CYAN are at these re-
spective angles. RED, YELLOW, and BLUE are primary colors.

The quality of these sets is extremely pleasing for most people who have seen them. They
are the closest I can imagine coming to being analogous to the harmony of musical chords.

Opponent Process Theory of Color Vision

[For details see http://en.wikipedia.org/wiki/Opponent_process for details and references.
I quote here from the Wikipedia article:

The color opponent process is a color theory that states that the human visual system inter-
prets information about color by processing signals from cones and rods in an antagonistic
manner. The three types of cones (L for long, M for medium and S for short) have some
overlap in the wavelengths of light to which they respond, so it is more efficient for the visual
system to record differences between the responses of cones, rather than each type of cone’s

5 I am grateful to Petr Staniček for sharing with me information about his work.
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individual response. The opponent color theory suggests that there are three opponent chan-
nels: red versus green, blue versus yellow, and black versus white (the last type is achromatic
and detects light-dark variation, or luminance). 6 Responses to one color of an opponent
channel are antagonistic to those to the other color. That is, opposite opponent colors are
never perceived together Ð there is no "greenish red" or "yellowish blue". While the trichro-
matic theory defines the way the retina of the eye allows the visual system to detect color
with three types of cones, the opponent process theory accounts for mechanisms that receive
and process information from cones. Though the trichromatic and opponent processes theo-
ries were initially thought to be at odds, it later came to be understood that the mechanisms
responsible for the opponent process receive signals from the three types of cones and process
them at a more complex level.7

Figure 4: Opponent Colors

Source: http : //en.wikipedia.org/wiki/F ile : Opponent_colors.svg

6 Michael Foster (1891). A Text-book of physiology. Lea Bros. & Co. p. 921.
7 Kandel ER, Schwartz JH and Jessell TM, 2000. Principles of Neural Science, 4th ed., McGrawÐHill,

New York. pp. 577Ð80.
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