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PUBLISHER’S NOTE 

These are the color image pages (only) from Ben Bova's THE STORY OF LIGHT. 
Since the printing process does not cost-effectively allow for color images, they are 

produced in grayscale in the print edition of THE STORY OF LIGHT with this addendum 
reproducing them in color, for those who would like them. 

Amazon's printing process does not yet allow for inserting a small section of color 
pages, so all pages would have to be produced using the same process, resulting in a 
minimum breakeven cost close to $50(!). To address this, you may (1) download and print 
the color pages from the publisher's web site at www.reanimus.com/1570 or (2) you may 
purchase a color printed booklet of just the color pages, at Amazon's minimum produc-
tion cost (no profit to us), available from the same source you purchased this book, as well 
as from Amazon, or directly from the publisher at the URL above. (3)The full ebook edi-
tion is also available at no cost via Amazon's “match book” program for those who pur-
chased the print edition through Amazon. Thank you for your understanding. 
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The human eye is shaped like a globe. An adult eye is about one inch in diameter. 
At birth, a baby’s eye will be a bit more than half an inch across; it grows to about 90 
percent of its adult size by the time the baby is three and reaches its full size by the 
age of thirteen. The adult eye weighs about a quarter of an ounce. 

 
 

 
Diagram of the human eye. Light enters through the pupil in the middle of the iris 

and forms an image on the retina. 
 
 
Interestingly, the eyes of the largest animals on Earth are not very much bigger 

than human eyes. For example, a blue whale nearly ninety feet long (twenty-five me-
ters), has eyes that are six inches (about fifteen centimeters) in diameter. That appears 
to be good enough to gather in all the light the whale needs to see by. Like us, the 
whales are mammals; they forsook the land to become ocean denizens some fifty mil-
lion years ago. 

The giant squid, with its ten arms, can reach lengths of more than sixty-five feet 
(nearly twenty meters); it has the largest eye of any extant animal: more than ten 
inches (twenty-five centimeters) across. The sea-dwelling icthyosaur Temnodontosau-
rus, which lived some 160 million years ago, in the Jurassic Period, had the largest 
eyes of all, with a diameter of twenty-six centimeters. 
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Simplified diagram of the human brain. The visual cortex is in the occipital lobe, 

at the rear of the cerebral cortex. 
 
 
Just behind the brain stem is the cerebellum, which is responsible for motor activi-

ties such as balance and movement. The cerebellum appears to be the depository for 
some kinds of memory, particularly memory of learned responses. 

Sitting atop the brain stem, deep inside the core of the brain, is the limbic system, a 
collection of structures that is often referred to as the mammalian brain since it is 
highly developed in mammals. Here, in the area called the hypothalamus, the body’s 
homeostatic systems are controlled. These systems keep our bodies at a constant in-
ternal temperature no matter what the temperature outside our skin. They also direct 
the release of hormones. The limbic system is intimately involved in our emotional 
responses, particularly those that are directly connected to survival, such as eating, 
fighting, and sex. 
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Electrical impulses travel along a nerve’s axon and stimulate a flow of neuro-

transmitter chemicals across the synapse that separates the axon from the receiving 
nerve’s dendrite. The neurotransmitters then trigger an electrical impulse in the re-
ceiving nerve. 

 
 
The nerve impulses from the eye travel in this bucket-brigade way at a speed of 

barely seven miles per hour (about eleven kilometers per hour); not much faster than 
an ox cart moves. Still, it takes only a tenth of a second for the information to get from 
the retina to the visual cortex. It is nowhere near as fast as the speed of light, nor even 
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The sunlight that reaches the ground falls between wavelengths of roughly two 
hundred to thirty-two hundred nanometers. The shorter wavelengths are, of course, 
ultraviolet light, while the longer are infrared. The light that our eyes can ordinarily 
see, as we said, lies roughly between four hundred and seven hundred nanometers. 
Those numbers are not precise because some people can see a wider range of colors 
than others. 

 
 

 
 
 
The electromagnetic spectrum. “White” sunlight is composed of a rainbow of col-

ors, plus many other wavelengths of electromagnetic energy that are invisible to our 
eyes. 

 
 
We are dealing with human perceptions here, not mathematical precision, and in-

dividual circumstances vary. There are people who can see ultraviolet-although they 
can never explain what it looks like to those of us who can’t. The widest range of 
wavelengths that humans can see is apparently from around 380 to roughly eight 
hundred nanometers. 

 
 

 Wavelengths of Light 
The wavelengths of light and the other radiation emitted by the Sun run the 

gamut from miles long, for some of the radio waves, to submicroscopic. This range of 
wavelengths is called a spectrum. You can see the spectrum of visible light whenever 
a rainbow is in the sky; a rainbow is nature’s way of producing a spectrum. 

Visible light lies in the range of about four hundred to seven hundred nanome-
ters. A nanometer is one-billionth of a meter (10-9 m), so small that it would take ten 
million nanometers to span the width of your little finger. In English units, a nanome-
ter is slightly less than four ten-billionths of an inch (3.937 X 10-24 inch). For this dis-
cussion we will stick to the metric units. Scientists and engineers also sometimes refer 
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The camera obscura has been used to study light for more than a thousand years. 
 
 
The image carried by the light through the pinhole will appear on the white wall 

upside down! Try it for yourself. No lenses are involved. Picture the geometry of it. 
Suppose you point the pinhole of a camera obscura at a tree. The light rays coming 
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from the top of the tree will go through the pinhole in a straight line and strike the 
whitened wall near its bottom. The rays from the bottom of the tree will hit near the 
top of the camera obscura’s white wall. 

In Europe some five centuries after Alhazen, Leonardo da Vinci and other Renais-
sance artists began using the camera obscura as an aid to drawing. Pose a subject and 
then look at it through a camera obscura (or pinhole camera, as it is often called). 
Place drawing paper where the image falls and you can trace the subject nicely. More 
sophisticated versions used a mirror to re-reverse the image and make it right side up 
again. 

A little more than four centuries after that, two Frenchmen, Joseph Nicephore 
Niepce and Louis Jacques Mande Daguerre, hit upon the idea of placing a plate con-
taining light-sensitive chemicals at the back of a camera obscura. Photography was 
born, and to this day we call the instrument we use for making photographs after the 
old Latin word for “chamber”: camera. 

 
 

 
 
Light rays bend as they go from one medium to another, such as from air to wa-

ter, because they travel at different speeds in the different media. This is the phe-
nomenon called refraction. 

 
 
Alhazen thought of light as a stream of particles that bounce off an object—the 

phenomenon of reflection. He also noted that light rays seem to bend when they go 
from a medium of one density, such as air, to a medium of a different density, such as 
water: for example, note how a stick held halfway into a pool of water seems to be 
bent. This is the phenomenon of refraction, and Alhazen correctly attributed this to the 
fact that light travels at different speeds in media of different densities. 
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Young’s classic “two-slit” experiment, which showed that light creates interfer-

ence patterns like ripples in a pool of water, and therefore light must be a form of 
wave motion rather than a stream of particles. 

 
 
Instead of two spots of light, the screen showed bands of alternating light and 

darkness. These bands are called interference patterns. There is no way that streams of 
particles could produce such patterns. Only waves can. Young made the comparison 
between sound waves produced by tuning forks and waves of light. 

Duplicating Young’s Experiment 
You can duplicate Young’s experiment for yourself. Get a flashlight and a pin. 

Then take three pieces of white cardboard, the sort of board that laundries place in 
men’s shirts. Place the first cardboard close enough to the flashlight so that it blocks 
the entire beam of light. Set up the second cardboard about a yard away. Now care-
fully put a pinhole into the first cardboard. Turn off all the room lights, leaving only 
the flashlight on. The second cardboard will be illuminated by the tiny shaft of light 
coming through the pinhole. It will be dimly lit, but the light will be evenly distrib-
uted across the cardboard. So far, the particle theory explains what can be seen. 
Streams of particles coming through the pinhole move outward in straight lines to 
strike the second cardboard. 

Now put two pinholes in the third cardboard, close together enough so that the 
light beam shines on them both simultaneously. Place the third cardboard between 
the first two. The light now travels from the flashlight, through the first cardboard 
with its single pinhole, then through the next cardboard with the two pinholes, and 
finally falls on the rearmost cardboard. 
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enough dots, the figure of the lute took shape on the paper as it would be seen by the 
eye viewing it from that angle. 

 

 
 
A “Leonardo box” being used by Renaissance artists to develop the techniques of 

perspective. 
 
 
Suddenly Florentines were gaping at pictures of such solidity and reality that they 

found it hard to believe they had been painted on a flat wall. Masaccio’s Holy Trinity, 
in the church of Santa Maria Novella in Florence, seemed to them as if a hole had 
been broken through the wall of the church to reveal the Crucifixion scene. The fig-
ures appeared as solid and threedimensional as a sculpture. 

Perspective did indeed cause immense excitement among the painters. According 
to Gombrich, Paolo Ucello, a contemporary of Brunelleschi “spent nights and days 
drawing objects in foreshortening, and setting himself ever new problems.... He was 
so engrossed in these studies that he would hardly look up when his wife called him 
to go to bed, and would exclaim, ‘What a sweet thing perspective is!’” 

Thus it was no accident of history that mathematics and the laws of linear per-
spective developed simultaneously in the Renaissance. The burgeoning of curiosity 
and invention brought new knowledge of the arts and the sciences simultaneously. 

Leonardo as Antiscientist 
Leonardo, that troubled genius who was born forty years before Columbus dis-

covered the New World, is the epitome of the Renaissance artist. Curious about all 
things, he delved into human anatomy despite the prohibitions of the Church, be-
cause he had to know how the body was built and how it worked in order to paint it 
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(top) The Hubble Space Telescope, a 94-inch (2.4 meter) reflector, (bottom) The 

Mt. Palomar Observatory, home of the 200-inch (5-meter) Hale telescope. 
 

A New Era for Telescopes 
For several decades after Mt. Palomar went into operation in 1948, most astrono-

mers believed that it would be useless to build larger instruments. Bigger mirrors 
would be so heavy that they would sag even in the most rigid of mounts, causing 
distorted images. Besides, the turbulence of the atmosphere would make it impossi-
ble to see the stars more clearly, they felt. But new methods of making ever-larger 
mirrors and new technology based on fast computers led to breakthroughs in tele-
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Plate 1. A prism can split white light into a rainbow of colors. 
 

 
Plate 2. A color wheel. 
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Plate 3. Additive color mixing. 
 

 
 
Plate 4. Subtractive color mixing. 
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Plate 5. Visual spectrum 
 

 
 
Plate 6. Gemstones are cut to enhance their ability to dazzle the eye with reflected 

and refracted light. 
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Plate 7. Stars are being born in dust-laden clouds such as this one in the Eagle 

Nebula. The cloud is about one light-year wide. (Courtesy NASA) 
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Plate 8. Stars die, sometimes in massive supernova explosions. The Crab Nebula is 

the remnant of such as explosion, first seen on Earth in A.D. 1054. (Courtesy NASA) 
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Plate 9. Supernova 1987a, the first supernova within our own galactic neighbor-

hood since the invention of the telescope. (Courtesy NASA) 
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Plate 10. Artist’s conception of a black hole, with a jet of energetic x-rays caused 

by the infall of stellar material. (Courtesy NASA) 
 

 
 
Plate 11. The spiral galaxy M83, which contains upwards of one hundred billion 

stars. Our Milky Way galaxy is a spiral type. (Courtesy ESO) 
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Plate 12. One of the enigmatic quasars, billions of light-years distant, yet among 

the brightest objects in the universe. 
 
 
Virtual reality has been praised as “the next step in human evolution” and 

damned as “electronic LSD.” Although relatively crude today, it may become a truly 
powerful influence in entertainment, education, and many other aspects of our lives. 
Through VR technology it will be possible to convince our bodily senses, and through 
them our minds, that we are seeing, hearing, touching environments that actually 
exist only in a computer’s chips. We will be able to leave the real world behind, tem-
porarily, to experience worlds of imagination or illusion. The distinction between 
reality and imagination may become quite blurred. 

Three separate strands of technological development have converged to create 
virtual reality: 

“The experience theater,” devices that show you moving pictures, sound, and 
other sensory inputs. Sensorama and Cinerama movie systems were among the 
grandfathers of VR. So too were the videogames that began in arcades and are now 
available for home computers. 

The “infonauts,” computer scientists and engineers who want to develop simpler, 
more human ways for people to use computers. Instead of learning a machine’s oper-
ating language or tapping on a keyboard or fiddling with a mouse, the infonauts 
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bigger cascade of photons surging back and forth between the mirrored ends of the 
rod. 

All this takes place in a few millionths of a second, of course. When the cascade of 
photons reaches a high enough intensity it passes through the partially silvered mir-
ror at one end of the ruby rod and comes out as a pulse of brilliant laser light. 

Laser Light 
Now we can understand why laser light is so different from all other light 

sources. 
 
 

HOW THE LASER BEAM IS BUILT UP WITHIN THE LA-
SER CAVITY 

 
 
 
1. Intensity. Laser light is brighter than any other type of light because things are 

arranged in a laser so that a very high percentage of the excited atoms contribute pho-
tons to the light output. In ordinary light sources—for example, the flash lamp that 
pumped the first ruby laser-only a few atoms are giving up photons at any particular 
instant of time. In the laser, the atoms have been organized much more efficiently. 
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To determine the distance of a star, astronomers measure the apparent shift of the 

star’s position against the background of fainter, more distant stars over a six-month 
period. This parallactic shift allows them to use trigonometry to obtain the star’s dis-
tance. (Courtesy NASA) 

 
 
 The astronomer fervently hopes that the star he or she is measuring will move 

back and forth against the fainter background stars. That parallactic shift gives the 
astronomer the angle at the apex of a very long, thin triangle. Knowing the apex angle 
and the length of the baseline, the distance to the star can be calculated. 

Angles are measured in degrees, minutes, and seconds. One second of arc is an 
angle of 1/3600 of a degree, the angle that a 25-cent piece would show at a distance of 
three miles. If a star showed a parallactic shift of one second of arc, its distance would 
be 3.26 light-years. There is no visible star close enough to us to show a parallactic 
shift of one second of arc. All the parallaxes that astronomers measure are smaller 
than that. 

This means that astronomers deal with extremely long, thin triangles, where the 
two base angles are almost right angles! 

The nearest star beyond our solar system is the triple system of Alpha Centauri, 
which consists of two stars rather like the Sun orbiting closely around each other and 
a third component, a red dwarf star that swings around the other two in a much 
wider orbit. Since the red dwarf is slightly closer to our solar system than its two big-
ger companions, it is often called Proxima Centauri. Proxima Centauri shows a paral-
lax of about 0.76 second of arc, which makes its distance 4.3 light-years. 
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