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h IsT orICal  PersPeCTIve

The primary source of light on Earth is the sun. 
Historically, sunlight and shadows were studied and 
used to tell time. Stonehenge is thought to be an ancient 
astronomical observatory that dates back to 1848 b.c . 
The monument at Stonehenge may have served as an 
accurate astronomical calendar that predicted seasons 
and eclipses of the sun and moon, calibrated to their 
rising and setting.

Anaximenes (570–500 b.c .) was one of the first 
to believe that a rainbow was a natural phenomenon. 
In 1304, Theodoric of Freibourg, Germany, conducted 
experiments with globes of water and correctly 
explained many aspects of the formation of rainbows. René Descartes explained the formation 
of a rainbow, as well as the formation of clouds, in 1638.

Scientists conducted investigations of the refraction of light. These led to the development 
of convex lenses as early as 300–291 b.c . Between 1010 and 1029, Alhazen correctly explained 
how lenses worked and developed parabolic mirrors. Witelo’s Perspectiva, a treatise on optics 
dealing with refraction, reflection, and geometrical optics, was published in 1270. Witelo rejected 
the idea that sight was due to rays emitted from the eyes. People once believed that light traveled 
from a person’s eyes to an object and reflected back to the eye to make sight possible. In 1604, 
Johannes Kepler described how the eye focused light and showed that light intensity decreased 
as the square of the distance from the source, a concept known as the Inverse Square Law.

The lenses we now use were introduced in the late 1200s. In 1401, Nicholas Krebs 
used the knowledge of lenses to construct spectacles for the nearsighted, and Leonard Digges 
invented a surveying telescope in 1551. In 1570, Dutch scientist Hans Lippershey invented 
the astronomy telescope, which Galileo modified to increase the magnification to 30X in 1609. 

Galileo used it to find the moons of Jupiter, Saturn’s rings, 
the individual stars of the Milky Way, and the phases of 
Venus. Gregory James was the first to describe a reflecting 
telescope in 1663.

Zacherias Janssen and Hans Lippershey separately 
invented the compound microscope between 1590 and 
1609. In the mid-1600s, Anton van Leeuwenhoek made 
a microscope that could magnify up to 270X. It was more 
powerful than the compound microscopes of the time and 
was the first to observe and record microscopic life. 

In the 1600s, light was described as a form of energy 
that could travel freely through space. In 1666, Sir Isaac 

Newton discovered that white light was made up of many colors and that the colors could be 
separated, using a prism. Leonhard Euler (1746) worked out the mathematics of the refraction 
of light, by assuming that light is a wave and that different colors corresponded to different 
wavelengths. From 1160–1169, Robert Grosseteste began to experiment with light, mirrors, 
and lenses to study rainbows. 

Historical Perspective



Light and Color

3© Mark Twain Media, Inc., Publishers

Newton proposed that light consisted of particles that travel in straight lines through 
space. At the same time, Christiaan Huygens suggested that light consisted of waves. In 1900, 
Max Planck proposed that radiant energy comes in little bundles called quanta , later called 
photons . His theory helped other scientists to understand that light behaved both as particles 
and waves, which helped develop the theory of Quantum Mechanics . 

In 1808, Étienne-Louis Malus discovered that reflected light is polarized, introducing the 
concept of polarization. Sir David Brewster, in 1812, suggested that there was a relationship 
between the index of refraction and the angle of incidence, at which reflected light becomes 
completely polarized. 

ConCePTs

This book will examine light energy. The primary source of light is from the sun. Light 
energy from the sun warms the earth when it changes to heat energy as it passes through 
the atmosphere. Light energy is also stored as energy in green plants, which become food for 
animals and humans or become fossil fuels, such as coal, natural gas, or oil. 

Energy from light is radiant energy , energy transmitted by electromagnetic waves. Types 
of radiant energy include infrared rays, radio waves, ultraviolet waves, and X-rays. We only see 
a tiny part of all different kinds of radiant energy; 
the part we see is called the visible spectrum . 
Light is visible only when it is the source of light 
itself, or when it is reflected off something else. 
Most objects do not emit their own light but reflect 
it from other sources. Sources of light can be hot, 
glowing materials, such as the filament or gases 
in light bulbs. Fire is another source of light, 
as in burning candles, campfires, etc. The sun 
and stars are also burning gases that produce 
light. Sources of light include fluorescent, 
incandescent, and chemical. 

Light travels in straight lines from its source and can change matter. Historically, there 
have been two theories of how light travels. The particle theory  suggests that light is made 
up of particles, and the wave theory  suggests it is made of waves. Newton proposed that light 
consisted of particles that travel in straight lines through space. In 1900, Max Planck proposed 
that radiant energy comes in little bundles called quanta , later called photons . His theory helped 
other scientists to understand that light behaved both as particles and waves, which helped 
develop the theory of Quantum Mechanics . In 1905, Einstein’s theory of photoelectric effect 
suggested that light consisted of bundles of concentrated electromagnetic energy that have no 
mass (photons). Current thought is that light travels in bundles of energy called photons, which 
are emitted and absorbed as particles, but travel as waves.
 In 1880, Albert Michelson conducted an experiment to determine the speed of light. 
He found that the speed of light in a vacuum was a universal constant. This means that the 

h IsT orICal  PersPeCTIve  (ConT .)
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electromagnetic spectrum of light always travels through a vacuum at the constant speed of 
186,000 miles per second (300,000 kilometers per second). 

Light energy is carried in an electromagnetic wave that is generated by vibrating electrons. 
The energy from the vibrating electrons is partly electric and partly magnetic; that is why this 
form of energy is referred to as electromagnetic waves . Light waves are classified by frequency 
into the following types: X-rays, radio waves, microwaves, infrared, visible light, ultraviolet, and 
gamma rays. The ultraviolet light has a higher frequency than visible light, and infrared has a 
lower frequency than visible light. Visible light, the light we can see, vibrates at more than 100 
trillion times per second, and it includes all of the colors of the spectrum: red, orange, yellow, 
green, blue, indigo, and violet. (You can use the acronym ROY G. BIV to remember the order 
of the colors).

The brightness or intensity of light depends on distance and the brightness of the source. 
Light intensity decreases by the square of the distance. This is known as the Inverse Square 
Law (Intensity is approximately 1 divided by the distance squared, or       ). 

For example, if the distance from the light source was 2 m, the intensity of the light would 
be 1/4 of the strength. 

Light travels in straight lines. Shadows are formed when objects block out light. This 
illustrates that light cannot bend around corners without something slowing it down or reflecting 
it. When a small light source is near an object, or a large source is far away from an object, the 
image will be sharp. Most shadows are usually blurry, with a dark shadow in the middle and a 
lighter shadow around the edge. The dark shadow is the umbra ; the lighter part of the shadow 
is the penumbra . A solar eclipse, when the moon passes between the earth and the sun, is a 
natural example.

When light strikes an object, it is reflected, absorbed, or passes through. Light colors 
reflect more light, and dark colors absorb more light. This absorbed light is transformed into heat 
energy. Objects that allow all light to pass through are called transparent . Translucent  objects 
allow some light to pass through, and opaque  objects allow no light to pass through. 

Reflection  is the bouncing back of a particle or wave off a surface. As light strikes a flat 
mirror, the light rays bounce off at an equal angle, so the image is clearly shown in the mirror. 
When light reflects from a mirror, the angle of incidence and the angle of reflection are equal. 
The angle of incidence  is the angle formed from the normal light ray that is perpendicular to 
the surface and the angle made by the incident ray or incoming ray. The angle of reflection  is 
the angle made by the normal ray and the outgoing reflected ray. The image you see in a mirror 
is actually a virtual image because the light does not start at the mirror. 

ConCePTs  (ConT .)

Concepts
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Not all mirrors are flat—some are concave mirrors that are curved inward, and some are 
convex mirrors that are curved outward. When light strikes these mirrors, you will get different 
images. Looking at your image in the bowl or the back of a shiny spoon will illustrate both of 
these mirrors. Even though the angle of reflection and angle of incidence are equal, the images 
formed are different.

Uneven reflection (diffusion ) happens when the surface is not smooth, which causes 
the light rays to bounce off at unequal angles. When this happens, there is a reflection, but no 
clear image. 

Refraction  of light is the bending of light that happens when light travels through different 
mediums (substances). When light goes from one medium to another and is not at an angle, 
it does not bend, but the object appears to 
be closer. If light enters at an angle, it slows 
down and changes directions, due to the 
different densities of the mediums. When a 
straw is put into a glass of water, the straw 
looks broken, because as the light goes 
from the air through the glass and the water, 
which are more dense, it slows down and 
bends. The index of refraction  (how much 
the light bends) is the ratio of the speed of 
light in a vacuum to the speed of light in a 
given medium.

ConCePTs  (ConT .)

Concepts
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A mirage  is caused by atmospheric refraction. On hot days, there may be a layer of hot 
air on the ground. In hot air, the molecules are farther apart and moving faster than in the cold 
air above it, and light travels faster through it than the cooler air above it. When the light travels 
faster through the hot air on the ground than it does in the cooler air above, the light rays are 
bent. One example of a mirage is when a person is driving on the highway on very hot days, 
and it sometimes looks as if the pavement is wet.

Lenses work because of refraction. Lenses  are transparent objects with at least one 
curved surface. They are carefully shaped to control the bending of light. There are two types 
of lenses: convex and concave. Convex lenses  are thicker in the middle and thinner on the 
edges; light converges or comes together when it passes through the lenses. Concave lenses  
are thin in the middle and thicker on the edges; light diffuses or spreads when it passes through 
the lenses. In looking at the diagrams below, you will find that only the convex lens can project 
the flame on the screen, and it is upside-down. The concave lens diffuses or spreads out the 
light, so it is not projected on the screen. The diagram below has emphasized the light traveling 
from the candle through the lens to make it easier to understand. As indicated by the diagram, 
non-polarized light, like the light coming from the candle flame, actually vibrates in all directions. 
The light coming from the flame is more diffused than the straight lines going to the lens in the 
diagram. 

ConCePTs  (ConT .)

Concepts

Light passing through a double concave lens does not project an image on the paper.

Light passing through a double convex lens projects an upside-down image on the paper.



Light and Color

7© Mark Twain Media, Inc., Publishers

Concave lenses correct nearsightedness by making the image smaller but less blurry.
Convex lenses correct farsightedness by making the image larger and less blurry; they are also 
used in refracting telescopes.

White light is made up of many colors. If white light strikes an object, it may absorb or 
reflect any or all of the parts of the spectrum; that is why we see different colors. We see a red 
shirt because only red light is reflected off the shirt; all other colors of the spectrum that make 
up white light are absorbed. White objects reflect all colors; black objects absorb all colors.

A prism separates light 
into the colors of the visible 
spectrum (ROY G. BIV). The 
separation of light by frequency 
is called dispersion . Different 
colors of light have different 
frequencies. As the light enters 
the prism at an angle and 
passes through, it slows down 

and is bent: once going in, and once going out of the prism. Since the speed of light changes, 
so does the frequency. The lowest frequency is red; the highest is violet.
 A prism disperses white light, and a color wheel can 
put all of the colors of the visible spectrum back together 
again. A color wheel has pie-shaped sections colored 
with all of the colors of the visible spectrum, and it is 
spun around. When the wheel spins around fast enough, 
individual colors are held by the retina only for a short time 
so they blend, making the wheel look white.

When different colors of light are mixed, they are 
additive . This means that when the colored lights are 
shone on a white surface, the colors combine to form 
new colors. 

ConCePTs  (ConT .)

Concepts

Additive colors

Prism
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When two complementary colors of light are shone on a white surface in the same spot, 
they are also additive and show as white light. The complementary colors of light are blue and 
yellow, green and magenta, and red and cyan.

Lingering images (persistent vision) can illustrate complementary colors of light. If you 
stared at a brightly colored piece of paper, and then a piece of white paper, the complementary 
color will appear on the white paper. This is because the eye becomes tired of staring at the 
color, so you see the complementary color. Another example of persistent vision is the gerbil 
in the cage activity. In this activity, the gerbil appears to be inside the cage, even though one 
image is on one side of the card, and one image is on the other side (see page 65).

In mixing pigments or paints, the colors are subtractive , rather than additive. When 
pigments are mixed, the colors are absorbed instead of reflected. If blue and yellow pigments 
are mixed together, green is formed. If red is mixed with green, the red absorbs the green, and 
the green absorbs the red, and the resulting mixture looks black. You will never get white when 
mixing color pigments. When more than two pigments are mixed, black is made.
 Using what we have just learned about the behavior of light and color, we can explain 
how we see. The inside of the eye consists of the cornea, iris, pupil, sclera (white part of the 
eye), lens, and optic nerve. Blood vessels in your eye bring food to the eye. The outside of the 
eye has eyelids, eyelashes, and tear ducts that protect the inside of the eye.

The light that strikes an object and reflects off of it is absorbed. The color of the object 
is determined by which colors are absorbed or reflected. The light travels to your cornea, a 
transparent material that acts as a convex lens. The light enters the interior of the eye through 
the pupil. The pupil is an opening in the center of the iris, which is the colored part of the eye. 
The iris has muscles that expand and contract the pupil. The pupil opens and closes depending 
on how much light is available. If there is very little light, it opens wider, and if there is a lot of 
light, it becomes very small. The light passes through the pupil to another convex lens. As the 
light passes through the cornea and the lens, it is refracted or bent. These lenses focus the light 
on the back of the eye, or the retina. Between the lens and the retina is the vitreous humor, a 
transparent jelly of salts and proteins encased in the sclera, the white part of the eye. The retina 
is a tissue of light-sensitive cells that absorbs light rays and changes them to electrical signals. 
Due to the refraction caused by the convex lenses, the image on the retina is upside-down. The 
retina changes the light rays into electrical signals that are sent through the optic nerve to the 
brain, where what you are seeing is identified. 

ConCePTs  (ConT .)

Concepts

Complementary Colors
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n aIve  ConCePTs    

Naive Ideas Related to Light and Color: The naive ideas described below and on page 10 
are misconceptions that students may have about light and color.

 • Light is associated only with either a source or its 

effects. Light is not considered to exist independently 

in space; hence, light is not conceived of as 

“traveling.” 

 • A shadow is something that exists on its own. Light 

pushes the shadow away from the object to the wall 

or the ground, and is thought of as a “dark” reflection 

of the object. 

 • Light is not necessarily conserved. It may disappear 

or be intensified. 

 • Light from a bulb only extends outward a certain 

distance, and then stops. How far it extends depends 

on the brightness of the bulb. 

 • The effects of light are instantaneous. Light does not travel with a finite speed. 

 • A mirror reverses everything. 

 • The mirror image of an object is located on the surface of the mirror. The image is often 

thought of as a picture on a flat surface. 

 • Light reflects from a shiny surface in an arbitrary manner. 

 • Light is reflected from smooth mirror surfaces, but not from non-shiny surfaces. 

 • Curved mirrors make everything distorted. 

 • When an object is viewed through a transparent solid or liquid material, the object is seen 

exactly where it is located. 

 • When sketching a diagram to show how a lens forms an image of an object, only those 

light rays that leave the object in straight parallel lines are drawn. 

 • Blocking part of the lens surface would block the corresponding part of the image. 

 • An image can be seen on a screen, regardless of where the screen is placed relative to 

the lens. To see a larger image on a screen, the screen should be moved farther back. 

An image is always formed at the focal point of the lens. 

 • The size of the image depends on the size (diameter) of the lens. 

Naive Concepts
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n aIve  ConCePTs  (ConT .)

Naive Ideas Related to Color and Vision: The naive 

ideas described below and on page 9 are miscon-

ceptions that students may have about light and color.

 • The pupil of the eye is a black object or spot on 

the surface of the eye. 

 • The eye receives upright images. 

 • The lens is the only part of the eye responsible 

for focusing light. 

 • The lens forms an image (picture) on the retina. The brain then “looks” at this image, and 

that is how we see. 

 • The eye is the only organ for sight; the brain is only for thinking. 

 • A white light source produces light made up of only one color. 

 • Sunlight is different from other sources of light, because it contains no color. 

 • When white light passes through a prism, color is added to the light. 

 • The primary colors for mixing colored lights are red, blue, and yellow. 

 • A colored light striking an object produces a shadow behind it that is the same color as 

the light. For example, when red light strikes an object, a red shadow is formed. 

 • When white light passes through a colored filter, the filter adds color to the light. 

 • The mixing of colored paints and pigments follows the same rules as the mixing of colored 

lights. 

 • Color is a property of an object and is independent of both the illuminating light and the 

receiver (eye). 

 • White light is colorless and clear, enabling you to see the “true” color of an object. 

 • When a colored light illuminates a colored object, the color of the light mixes with the 

color of the object. 

 • Naive explanations of visual phenomena involving color perception usually involve only 

the properties of the object being observed and do not include the properties of the eye-

brain system.

  (American Institute of Physics, 2000)

Naive Concepts
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d efInITIon  of  Terms

Bioluminescence:  Light given off from certain living things that have the ability to chemically 
excite the molecules in their bodies

Color: Characteristic of objects that is caused by different qualities of light being reflected or 
absorbed by them

Diffraction:  Bending of a wave around a barrier

Dispersion:  Separation of light into colors arranged according to their frequency

Energy:  Ability to do work. The scientific definition of work is moving something over a distance.

Infrared Rays:  Electromagnetic waves with frequencies lower than the red in the visible light 
spectrum

Laser: An optical instrument that produces a beam of coherent light, with waves of the same 
frequency, phase, and direction

Law of Conservation of Energy:  Excluding nuclear energy, energy cannot be created or 
destroyed, only changed.

Lens: A piece of glass or other transparent material that can bend parallel rays of light so that 
they cross or appear to cross at a single point

Light:  A form of radiant energy

Photosynthesis: Process of green plants using sunlight as the energy source to combine 
carbon dioxide and water to produce sugar and oxygen

Shadow: A shaded area resulting when light is blocked out by an object in its path 

Spectrum:  The spread of radiation by frequency

Ultraviolet Light: Electromagnetic waves above the frequency of violet light in the visible 
spectrum 

Visible Spectrum:  The spread of colors seen when light passes through a prism or diffraction 
grading

Definition of Terms




