LIGHT, COLOR AND THE EYE
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Light and Color Historical Perspective

The primary source of light on Earth is the sun,
Historically, sunlight and shadows were studied ang
usedto tell time, Stonehenge is thought to be an ancient
astronomical observatory that dates back to 1848 B.C.

rising and setting.

Anaximenes (670-500 B.C.) was one of the first
to believe that g rainbow was a natural phenomenon,
In 1304, Theodoric of Freibourg, Germany, conducted

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 first to describe a reflecting telescope in 1663.
Zacherias Janssen and Hans Lippershey Separately
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bundles called quanta, later cafled

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, Etienne-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, naturai 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
atiny part of all different kinds of radiant energy; _ _
the part we see is called the visible spectrum. == i - y
Light is visible only when it is the source of light .EIECJ[ 19 magnetlc SpeCh cL
itself, or when it is reflected off something else. . Infrared Rays  Uliraviolet 7
Most objects do not emit their own lightbut reflect {EERIRENGEVERE
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 inciude
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

effect suggested that light consisted of bundies of concentrated electromagnetic energy that
have no mass (photons). Current thoughtis that light travels in bundies of energy called photons,
which are emitted and absorbed as particles, but trave| 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
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Light and Color Concepis

g

electromagnetlc spectrum of !|ght 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 .alg_).

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,ds 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 fiat
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.

—=Normal-Ray.--=

Angle of Angle of
.1,..|nc,(;e,~‘cﬁ___;}_ e efiection
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“Not ali mirrors are flat—some are concave mirrors that are curved inward, and some aro
convex mirrors that are curved outward. When light strikes these mirrors, you will get different
images. Looking at your image in the bow! 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. ;

R |

———— s < e e ...-l,

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 stows
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 lightin a -
given medium. ? !
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Light and Color Concepts

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 candie 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. s :

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

[ 5]
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Light and Color Concepts

P S o e Py ekl

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 ali 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.

7% - : - A prism separates light
R 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 iowest frequency is red; the highest is violet.

A prism disperses white light, and-a color wheel R
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,

= e

| Green

Additive colors
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Light and Color
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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.

= 2
Grean

Mz n:'.;c Nk
Magenta

Complementary Colors

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 yeliow 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 refiects 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 trans-
parent 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
trangparent jelly of salts and proteins encased in the sclera, the white part of the eye. The retina
ls 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, whore what you are seeing is identified.

© Mark Twaln Modia, Inc., Publishers 8



Light and Color Naive 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.”

* Ashadow 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.

* Lightis 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.

I * 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.

fl * 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.

* Animage 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.

© Mark Twain Media, Inc., Publishers 9




Light and Color Naive Concepts
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Naive Ideas Related to Color and Vision: The naive
ideas described below and Onh 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.

* Thelensis the only part of the eye responsible
for focusing light.

* Thelensforms an image (picture) on the retina,
The brain then “looks” at this image, and that is how we see.

* The eyeis 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 yeliow.

* 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.

* Colorisa Property of an object and is independent of both the iluminating 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)

© Mark Twain Media, Inc., Publishers 10
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Bioluminescence: Light given off from certain living things that have the ability to chemlontly
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 workiis 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 paralle! 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 combing
carbon dioxide and water to produce sugar and oxygen

Shadow: A shaded area resulting when light is blocked out by an objett 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

© Mark Twain Media, Inc., Publishers 11
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' Particle Theory of Light Wave Theory of Light
Streams of tiny particles move in all direc- Light travels in waves in all directions from

tions from the source, like buckshoi_;. source, like waves from a disturbance in water.

Quantum Theory of Light

Bundles of light energy, called quanta, travel in waves.

lParts of a Light Wave

—a— Crest

| «—— wave length ——|

}

u
down P

trough—>"

Speed and Movement of Light
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How Does Light Travel Name:

Light travels away from its source in all directions in a straight line. Light
travels at a speed of about 300, 000 kilometers (186, 300 miles) per second.

Throughout history, scientists have proposed several theories in attempt to

that the more particles striking the human eye per
second, the brighter the light would appear. The

fewer the particles that reach the eye, the dimmer

Particle Theory of Light
Streams of tiny particles move in all direc-
tions from the source, like buckshot.

the light would appear.

Scientists also theorize that light is waves moving outward in all directions

like waves on water. The closer one is to the source, the L ;

Wave Theory of Light.

larger and stronger the waves would be. This would then

cause the light to appear bright. As the waves move
farther from the source, they spread out and grow smaller.

And the light appears dim. This theory is called the wave

i in wi in all directions from
j Light travels in waves 1n gall dlrect_nox_ls
theory of i soirgce, like waves from a disturbance in water.

The present theory of light, developed by Niels Bohr and other scientists,

assumes that electrons in atoms may move from a higher

13



Quantum Theory of Light
' X

energy level orbit to a lower energy level orbit.

In doing so, small bundles (quanta} of energy,
called photons, are released. The bundles move

Bundles of light energy, called quanta,
in waves, which move in straight lines. This is

travel in waves.
known as the quantum theory of light.

Electromagnetic waves move up and down at the same time that they move
forward in straight lines. Therefore, each wave has a length and frequency.
Wavelength is the distance between two waves, and frequency is the number of
waves that pass a given point in one second. A crest is when the wavelength
reaches the height of its movement. A trough is when the wavelength reaches
the depth of its movement. Light is not instantaneous, but it is extremely fast,

moving about 300,000 kilometers (186, 300 miles) per second.

lParts of a Light Wave

e ——— Crest | «——wave length —|

}

u
down P

trough—*

Speed and Movement of Light
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invisible

Ultraviolet
_inuisible .

Rays
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lightning—burning

Sources of Ligh{ -

\7 Luminous objects produge light

IHluminated object:s reflect light

sun—nuclear fusion

Light sources are luminous or illuminated. Luminous objects
produce their own light and can be natural or artificial. Our
most important source of natural light is the sun. This
tremendous mass of incandescent gas, produced by nuclear
fusion, provides the earth with light and other types of energy.

llluminated objects do not produce light, but are seen
because they reflect light from another object. The moon and

light is made by people. Common sources of this light are
candles, kerosene lamps, oil lamps, natural gas lamps,
incandescent lamps, fluorescent lights, and neon lights.

Electricity is most often used to produce artificial light. G,
. e oy
However, electricity is generated by water power or steam s,

power from coal. Both power sources can be traced back to the
sun.

Mmoon—reflecteq [



Light

Light is a kind of energy and does not have any mass.

Some objects, like the sun, make their own light. They are

called luminous,
\

\\'f/ t f

p— Lt

- Light
- Sun Bolb

Things that are lit up by another gbject and do not.have

their own source of light are said to be illuminated.
Traffic Sisns

Questions (Answer In Full Sentences - A.LF.S.)

1) In the summer, a firefly will make its own light to try
and attract other fireflies. Is a firefly luminous or
illuminated? (explain)

2) When there is a full moon, it is almost bright enough
outside to read by. Is the moon luminous or
illuminated? (explain)

3) A firefly gives off natural light while a lightbulb gives

off artificial light. What is the difference between
natural and artificial light?

17
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White Light

Sunlight and light from electric lightbulbs is called

white light. However, when a narrow beam of sunlight (or
white light) is passed through a triangle-shaped piece of
glass called a prism, the white light will be split into the
colors of the rainbow. If these colors are then combined
again using a second prism, the result is white light. This

tells us that white light is made up of all the colors of the
rainbow,

white light

The Spectrum

The name for the colors of the rainbow is the spectrum.
Remember the colors by using the name “ROY G. BIV”,

o
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== —"WhereasBlackwould absorb the heat and make a person feelreallyhot.

¢

Light and Colour

A beam of white light passing through a prism forms a spectrum of colour
: Thg order of the colours of the spectrum from the longest wavelength to the
shor;est is red, orange, yellow, green blue, indigo, and violet.

Wh'ite light is really a mixture of many colours. These colours can be seen
when a beam of sunlight passes at a slant through a glass prism. The prism

breaks up the white light into bands of coloured light called the spectrum.

Seven coloured light in the spectrum are: violet, indigo, blue, green, yellow,
orange and red. Colours of the spectrum are seen in that order because our.eyes
see each wave length as a different colour. The prism refracts (or bends) the
coloured lights in varying amounts; short waves are bent more than long waves.

Violet light, with the shortest wavelength, is bent the most. Red light is the
longest wavelength is bent the least.

“Blue-colour material looks blue because of the chemical structure of that
material absorbs all the coloured waves except blue, which is reflected and seen
by the eye. White- coloured material appears white because it reflects all the

~-coloured waves. Black-coloured material appears black because it absorbs all the
) *co!ourmavesand reflectsnone.

Dark colours absorb light energy and change it into heat. Therefore, darker
clothes worn in winter help keep us warmer by holding or absorbing heat. Light
colours worn in the summer help to keep us cooler because these colours reflect
more light and absorb less energy.

Just-think when you wear light white or black cotton t-shirts on a hot summer
day for example. Why does it feel as though the white one is light and breathes?
Light and heat reflect off the white surface almost repelling heat from the surface.

19



Colors':'I'hat Make r;y b'ent Ly
_Up Whlte nght . Shortest

__quelgngth

spectrum
(all colors)

: ;‘“ w:‘ el '?'-.'_i-r B s
i, P rays of sunhght : +

) pl'lsm _. .__I'ay bent least longest wavelength _

o :
White light appears blue.

Only blue rays §
are reflected.

blutla rug

white

light
All rays-are absorbed
except blue.

White light appears black. No rays are
reflected.

white
light

All rays are absorbed
and changed to heat.

White light appears white.

All rays are
reflected.

white
light

No rays are absorbed.
No heat is produced. &,
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Color and Pigments

Mixing colored paints or crayon is not the same as mixing
colored light. Paint contains pigments which are substances
that absorb certain colors of light. For example, a red
wagon has red pigment which absorbs all the colors of the

spectrum - except red. The red light is reflected back to
your eye.

Black pigment absorbs all the colors and mo light is reflected
back to the eye. For this reason, objects that contain black

pigment will heat up fast on sunmny days since they absorb ali
the colors of white light.

Help! Tmbot %hwsfg. and ™,
A\ I‘m S'i'uck*o'ﬂms vmeg\ se@%ﬁ

Wﬁnnﬁe ebjecﬁs absm’b litele Ehgh& and aiﬁ the colors of the
spectrum are reflected back to the eye.

21
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Refraction (Bending of Lich

Light travels in straight lines but it can be bent. When light
passes from one transparent material to another type of
transparent material, the light rays are bent. Bending of
light rays is called refraction. A prism is a good example of
refraction as light rays are bent when they go from air to
glass.

A rainbow is another example of refraction and the bending
of light. White light from the sun passes through droplets of
water in the air. This white light is bent (refracted) by the

water droplets and separates into the colors of the rainbow,
just like a prism.

© Rainbow Horizons Publishing Inc.



“Sundogs” are small rainbows found on either side of the
sun that sometimes form during the winter in extremely
northern climates. Ice crystals can act like water droplets
separating the light into the colors of the spectrum. Instead
of a rainbow, you could call a sundog an “icebow”.

Questions (Answer In Full Sentences - A.LF.S.)

1) How is a rainbow similar to a prism?

2) Why are there not usually rainbows on overcast days?

i- © Raitnbow Horizons Publishing Inc.



“acidence Reflection of Light

striking ray) reflected ray
]

r— : -
angle of hard smooth surface, such as glass

angle of reflection
incidence Rays are diffused (scattered).
poor or no
reflection
The Law of Reflection says that the angle — o

of incidence is equal to the angle of reflection.

soft, rough surface, such as paper

R I ST T e T A T ST S T,

Refractlon of nght
Light rays bend as they pass through Depending on the density of the
» glass lens. transparent material, the speed of

light will change, causing refraction.

air

glass
Glass is
denser
than air.

light rays traveling

through air air |rays slow

down in glass

___<;z;.' — o — —

glass lens %
- s ik light rays
\D The pencil
o 7 appears to
| The pencil is be here.

1 actually here.
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Reflection

Light travels in straight lines but it can be made to turn a
corner - reflection. Special types of materials that are shimy
will cause light to change its direction and reflect. Mirrors
are made by painting a piece of glass on one side with a
shiny coating that reflects. Reflection of light is used for
rearview mirrors in cars, periscopes in submarines and
bathroom mirrers to help comb your hair in the morning,

Reversed Images

When light reflects, everything is the same except for one
thing - right and left are reversed. This reversal of right and
left makes it very hard to read handwriting that is held in
front of a mirror.

An ambulance will often have reversed writing om the fromt
so that drivers will be able to see the word “ambulance”
correctly when they look in their rearview mirrors,

—




-—

Law of Reflection

The law of reflection says that light will reflect off a mirror
at the same angle that it came to the mirror.,

The law of reflection it not just for light. This also holds
true for other things like bank shots in pool.

Al
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clear view

Light is scattered (diffused).

cardboard

Light is absorbed by material.
Light and Shadows

glass

© Milliken Publishing Company '3\1 Light and Sound



Properties of Light

Light is invisible when it travels. A person will not see light
until it hits something. Light also travels in straight lines. It
can go through objects or it can be stopped but it will not go
around. Iflight is blocked, a shadow will form behind the

object where there is no light.
. :‘li.
Transparent |

Objects that let all the light through are transparent. (see-

through)
Examples include: 1)
2)
3).
Translucent
Objects that let only some of the light through are
X ent.
Examples include: 1)
2)
3)
Opaque |
Objects that do not let any light through are opaque.
Examples include: 1)
: - 2)
3)

- Put each under the correct heading above: glass, cardboard,
wax paper, plexiglass, aluminum foil, dirty water, air,
frosted glass. |

28
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Lenses

A lens is a curved pieces of glass that bends light in ways
that help us. A magnifying glass bends light to make small
objects look larger.

Lenses are also used in microscopes, cameras, telescopes,
contact lenses and glasses. (glasses to help people see better,
not for holding pop or Kool-Aid)
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Name _: . . \,%ar"m”g

THE FIVE SENSES SHEETS » 002

FRONT SIDE VIEW

The sense of sight is the most complex of the five
senses. VW hen we see an oLjecf, we are acfua"y
seeing beams of light that are bouncin& off the
oﬁgjecf. The Iishf enters the eye f"rrough the cornea

(+he transparent covering) and goes {'hrough the
i.)upﬂ (’rhe dark circle in the center of the eye). It
then passes fhrough'fhe lens and is projected onto
the retina. From there the information is sent to the

b~ain, which tells us what we are seeins.

SKiLL: SIGHT/DIAGRAM OF THE EYE

©1300 leamningpage.com - http://www.learningpage.com
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The Eve

Light passes through the protective cornea and enters the
eye through the pupil. The iris is a set of muscles that
controls the size of the pupil and how much light to let in.
Then, light goes through the lens which bends the light and
focuses it upside-down on the retina which acts like a screemn.
Special cells on the retina called rods and cones send out
signals when they are hit by light. These signals are sent
from the eye to the brain along the optic nerve. Every eye
has a blind spot where the optic nerve connects to the retina.
This happens because there are no rods or cones where the
optic merve joins to the retina.

,-f"'-‘-‘r ,/'/:’7
\ R@%in@mﬁ %
Ropil ~ —
.92 l&@; Leas A P ’ =

AL (T |
= Al widg

3)
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cormea -  atramsparemt (see-through) cover that
protects the eye

pupil = a“hole” in the eye that lets light into the eye
(the black part at the center of the eye)
= gets smaller in bright light and gets bigger
(dilates) in the dark to let more light in

iris = aset of muscles on the edge of the
pupil that control the size of the pupil

lems = bends the light and focuses light on the retina
at the back ef the eye
retima -  acts like a screem and contains many cells

which react to light (cones and rods)

optic - sends messages from the cells in the retina to
nerve the braim
COmES = cells im the retina that can see color

- comes are used mainly in the day

rodls - cells in the retina that see light and dark but
not color
- rods are used mainly at night

© Rainbiow Horizons Publishing Inc.
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Z,“c. 11'1 *

Q QS‘L'L'DVL ! Name:

: what bs an optical
Instructions W ; l (uSZon B Y

1)  This student is sad because there is teo much homework (as usaal),
You can hefp by making the homework disappear.

2)  Hold this paper in front of you at arm’s length and close your leff
eye.

3)  Stare at the student and slowly bring the page closer to your face.
(Keep staring at the student)

4)  The homework sheuld disappear when the paper is about 8 inches
from your face. You have found your “blind spot”.

Explanation of Blindspots

At the back of each eye there is a nerve called the optic nerve that carries
signals from the eye to your brain - sort of like 2 T.V. cable. The only
problem is that where the optic nerve connects to the eye, the eye can't see.
This is the blind spot.

33
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TRA
WILL THERE BE A TRAIN DERAILMENT?

ARE THESE RAILWAY




HOW OLD IS THE WOMAN IN THIS PICTURE?

83

40

21

35
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A FANCY LAMP OR TWO CATS ABOUT TO RUB NOSES?

THE IMPOSSIBLE STAIRCASE - IT JUST KEEPS
GOING AND GOING AND GOING...

3o



THE IMPOSSIBLE BOX

FIGURE THIS OUT!

27



Fimmy

Light Glossary

Ray: is a straight line of light.

Natural light: is a source of light that occurs naturally without human intervention or creation
like fire or lightening.

Artificial light: are light sources that are created by people like fireworks or light bulbs.
Visible light: a rainbow contains all the colours that can be seen with the human eye.
Infrared light: electromagnetic radiation from the sun is felt as heat.

Ultra violet light: : electromagnetic radiation from the sun that causes change of pigment
colour such as tanning.

Reflect: light sources are grouped by how light is made or reacts. When light bounces from
another source it is called reflecting.

Emit: light sources are grouped by how light is made or reacts. When sources create their own
light source it is called emitting,

Optical device: any tool that uses or makes or reflects light like kaleidoscopes, mirrors or
periscopes.

Luminous: an object that makes it’s own light is a luminous source (like the sun).
llluminated: when an object is lit up by another source (like the moon reflecting the sun’s light).

Translucent: is when most of the light is scattered bouncing off in all directions. Translucent
materials that allow some light to pass through but not clearly. Example tissue paper.

Transparent: are materials that allow light to pass through. you can see through transparent
objects because they do not scatter the light or stop it. AN example would be a glass window.

Opaque: are matertals that block light from passing through. Opaque objects absorb all the light
or cause it to bounce off. Opaque objects also cause shadows such as blinds.

Prism: is a clear, smooth block with ends that are triangular shaped. Usually a prism is used to
bend or changes the direction of light enabling to see the colour spectrum.

Spectrum: the name for the colours of the rainbow.

ROY G. BIV: a device for helping us remember the colours of the spectrum. Red Orange Yellow
Green Blue Indigo Violet.

Light waves: a theory of how light travels likes waves farther from the source.
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Electromagnetic waves: is a radiant energy that is a kind of energy that travels outward from a
central source. Some examples are cosmic rays, gamma rays, X-rays, ultraviolet rays, and radio
waves.

Electromagnetic radiation: this term is used to describe all the energy that comes from the sun.
Some can be seen, others affect our body, some used for technology. Examples are radio
waves, gamma rays and ultraviolet rays.

Reflection: what happens when light hits a mirror and turns a corner.
Refraction: when light is “bent” going from one material to another.

Blind spot: this part of the eye that has no cones or rods and “can’t see”.
Rainbow: refraction of sunlight causes this after a rainstorm.

White light: sunlight and light from electric lightbulbs is seen as white light.
Cornea: a transparent (see through) cover that protects the eye.

Pupil: a “hole” in the eye that lets light into the eye{the black part at the center of the eye) It
dilates or makes the pupil smaller the more light that gets in.

Iris: a set of muscles on the edge of the pupil that control the size of the pupil. (the colour part).
Retina: acts tike a screen and contains many cells which react to light{cones and rods).

Lens: bends the light and focuses light on the retina at the back of the eye.

Rods: cells in the retina that see light and dark but not colour.

Cones: cells in the retina that can see colour.

Optic-nerve: sends messages from the eye to the brain.

| 2

\ss/

o«



~ In this unit, you will
~ easkyourself e ask questions e use formal and ¢ identify * read charts and

~ questions while fo.gather informal voice characteristics  diagrams
~ you read information in your writing of PowerPoint
TR when you listen presentations

* learn about light
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LET'S TALK




Find at least 15 sources of light in this picture.




- you are reading.

Questioning
Asking questions
makes you an
active reader and
helps you
understand what

Ask questions
to check your
understanding.

What is a natural
light source?

yoR e 4R el e
s iy e i ]
R e
T a i AT R

Shut your eyes tight—all you can see is darkness,
Now, open your eyes again. If it is daytime, you
will see that light is all around you.

Natural Light

Anything that gives off a light that we
can see is called a light source.
The light sources that are

not created by people are

called natural light sources.

They include the sun, the stars,

and lightning. During the day,
the rays of the sun light up the
earth. At night, if there are no
clouds, you can see the stars twinkling
in the sky. During thunderstorms, you
might see different kinds of lightning.

R o A o e e Bl
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~ Thereare other sources of natural light, too. Fireflies are insects
 that give off a pale, greenish-yellow light that flashes or glows in ;
the dark. Deep down in the sea, some fish are able to produce Ask questions about |
flashes of light in the darkness. And, if you live in the northern things you wonder
or southern regions of the world, you can see the aurora, a :g;‘g' dHezg-::tJ
dazzling display of coloured lights that flicker in the sky at night. fish produce light?
Sometimes the
answer is hot in

" Artificial Light

,r There are also many light sources that don’t occur naturally but o __.1
! are created by people. These are called artificial sources of light, & ‘.
f Electric lights, oil lamps, and even candles are all artificial light Make o personal |
sources. You can find your way in the dark by using a flashlight E?Snenﬁgtoe'}' :: zze | s
i powered by batteries. Without artificial light, there would be no the word arfificial = | s
: television or movies. And city streets are full of artificial lights— used? -5
E: vehicle headlights, brightly coloured advertisements, streetlights, .
' and neon lights. el [
Uses of Light | T
: < 2 N .
. . i
Light does more than just enable Ask questions 10 ,
us to see. We use beams of find information.
light to cut metals into How is light used?
complicated shapes or to Didveuitiis
: information in 3
perform surgery. Light even the text?

helps us to stay healthy.
When sunlight shines on
our skin, our body makes a
vitamin called vitamin D,
which helps our teeth and
bones to grow healthy.




i

Strategies

Questioning

As you read, ask

questions to:

* check your
understanding

* find out about
things you
wonder about

¢ make personal
connections

¢ find information

Vo il necdiee

~* aselection of other materials.

by Sally Nankivell-Aston and Dorethy Jackson

Light travels better through some materials than others.

Clear materials that let all light through are called transparent.

‘Materials that let some light through, but not all, are called

translucent. Matenals that light cannot travel through at all

_are called opaque Flnd out more in this act:mty

|
|
|
|

e assorted pieces of fabric

(such as a clear glass, thick cardboard
~a metal tray, tissue paper, tracing
paper, a plastic bag, a book,

a piece of wood)

a flashlight
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1. Look closely at the fabric and other types of materials.
Predict what will happen when you shine a flashlight at

each one. Which will let all the light through, which will

let just some light through, and which will not let any light

through at all?

9 Make a chart like this one and record your predictions on it.

Material

Prediction

transparent ',_translucenf

i opaque |

Result

}.

3. Now shine the flashlight at each material. Make sure you

e
J[_

|
:

keep the distance between the flashlight and each material

short (about 10 centimetres). Ask a friend to look at the
other side of the material. Can your friend see the light

shining through?

4. Record the results in the chart.

5. Now sort your materials into three groups: transparent,

translucent, and opaque.




KEERRTHINKINE

Have you noticed that the clouds in the sky”
sometimes get in the way of the sun’s rays?
Do you think clouds are transparent,
translucent, or opaque?

o | r TR
| EOT S0P VHERE
8 | Tukethe flashlight around your home or school
' 124 ‘and test some other items to find materials that 2 L
! ‘ q E ""afr_e“"t'f'adﬁéhﬁﬁféhf;'ﬁah"ﬁlﬁ'ééﬁ't',_ or Op_a'qﬁ-‘:.__" e e ? £
SR | NEAT 0N Y
: i Sormetimes we need to use translucent or i
‘t opaque materials to block out some or o : o i
all of the light. Net curtains B = }
. and frosted or patterned
glass are used to block R “*u,
out some light—and
: also to stop people Reflect on
#i | from looking in!
B hrilann Strategies: What questions

did you ask that really
helped you understand what
you were reading?

| curtains were
. {]: used in World

| WarII to make
| sure no light
showed outside.

Critical Literacy: Why do
you think the writers
presented this information as
an activity? Did the writers'
presentation help you
understand the information?
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Asking Questions

Asking questions is a good way to check your understanding
while you’re listening. Most people are very happy (o answel
questions because it shows that their listeners are interested n
what they are talking about.

A BGUEST-SPENGER
VS VISTTING CLASS,
LSTEN I ...
| USE BURNERS AND ,,,
A RAND ToRCR o | |
BEND GLASS TUBES

INTO THE SHAPES :_ BREAK? ] WHEN GLASS GETS

A vy WoT, IT 2eNDS. ']1
| /|

L= ] UL

THE GLASS TUBES NRE PILLED WITH GRS, WREN Y57 POWDERS ARE BAKED

ELECTRCATY PASSES ThRoutt THE GRS, ) PANTED INSIDE THE GUASS TUBE AND 1

THE GAS GWES OFF LiGHT ENERGY, NEON f_‘l THIS CAPNGES THE COLOUR WE SEE

GRS MPKES A RED LIGHT. WHEN THE GAS GNES OFF
. LIGHT ENERGY.

—

So, IF NEON GRS
MAKES RED, WHERE DO
TWE OTHER COLOURS

YOUVE BEEN A GREAT MIDIENCE ! YOUVE
ASKED TERRIFIC GUESTIONS' NOW I’LL SHOW
YOU SOME OF MY CRENTIONS, AND YoULL SEE
HOW SCIENCE INSPIRES ART/

How to ask questions:

:Vhen you don’t understand
omething, ask q question,

_When You want more
information, qsk @ question

:Aake Your question as ¢lgqp
S You can so the person

You're questionin
9 undaryfi
what you want 1o know, A




Using Formal
or Informal Voice

You use different “voices” every day when you talk with people.
You probably use a formal voice when you are talking with
“most adults and an informal voice when you are talking with
your friends. Writers use different voices, too. They choose the
voice they think will help them connect with their audience.

Here are two articles about light pollution. As you read, think
about the audience for each articl

T

] ollution is 2
I[J)lrgc;[;)tlzrxl caused.by 100
much artificial light it
shining in places wheged
is not wanted or neeced:
In cities, light from
streetlights, outdoor
advertising, office

. 3 s
puildings, IrPOT
g creates “sky
: and homes dome of light

ut the night sky-

schools,

jon prevents star-gazing- Formal voice is serious,
s ky—friendlY” factual, and free from

“S
eople to US¢ s ohts direct personal comments.
v lights. Sl"lﬁf'{“endIY ligh d where Formal writing is in
half of the world’s 1igght down to the groun complete sentences.
a vast stretc If people pl
cinated human- carefully, the proble

pollution

bl glow ahary
1 that blocks ©
i ] More than

n lighting
2 ; m Qf hght

iy
i
{

ds
:nd for thousan .
klI’lfoday, scientists are urging
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The Milky Way

You've prebably never heard of light

pollution, but it's a big preblem for milliens ef
kids areund the weorld—and yeu're probably
one of them! What's light poliutien? Light

where you don't want it. It's thet simple.

Every night, light frem effice buildings,
advertising, airports, scheels, and hemes

Creates an ugly haze of light called “sky

glew.” And sky glew blecks out il the really
ceel things te see in the night sky, like stars

and plenets and even the Milky Way.

The geed news is, we can get our night

sky back. Geed light planning and ‘‘sky
friendly™ lights that send light dewn—net

up!—will de the trick. Then kids will be able

16 fune inte the nightly star show, the

longest running entertainment en the planet.

20  xio sciEnTIST - 1SSUE 10

MEL

Informal voice is
friendly, factual, o_;wd
forma
personal. In -
writing sounds ||kfe the
~ writer is talking directly

to the reader. J

How to yse formal or
informal voice:

Think about Your audience.
Choose the voice You think wil|
connect with yoyp audience,

To write in q formal voice,
be serioys. Use facts. Write
in complete sentences. Don't
make persong| comments.

To write in an informal volce,
be friendly. Use facts, Write
as you would talk to q friand,




