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Polarization of Light

When light passes through falters™ 1t becomes
~ or aligned in a particular plane.

Polarizer 2

Polarizer 1
(Horizontal) —

(Vertical)

Incident Beam
(Unpolarized)
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Figure 1
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18.3 Behavior of Light Physical Science

Interactions of Light

This simplified model shows how polarizing
filters behave. A vertical polarizing filter
blocks light that is horizontally polarized.

Vertical polarizing Horizontal polarizing
filter filter

Vertical wave
IS blocked

Horizontal wave ‘
IS blocked

Vertical wave passes
through filter.

DO



Polarization of Light

When the pickets of both fences are aligned in the vertical | (UMLET):
direchion, a vertical wabeation canma ke 1t through both fences.

Can you pass
through the second
fence (filter)
standing up?

When the pickets of the second fence are honzontal, vertical
wibeations which make 1t through the fivst fence will be blocked.



Polarization of Light

aligned along particular planes

Seven-Segment Liquid
Crystal Display (LCD) Polarizer 2

FOLARDID /
ALIGNED - { POLAROID
HORIZONT ALLY Aty ALIGNED
M S, % o YERTICALLY
o - I.

" A
PROJECTORS Polarizer 1

Figure 3

Polarization, Human Eye, Color




Polarization of Light

Light Waves Vibrating
Perpendicular
to the Highway

Light Light

Llaht Waves

ibratin
Paralle

to the Highway

Figure 2

Light from the sun reflects off the road or water (e.g. at a
lake), becoming polarized o rizonie .

Sunglasses are polarized vertically so the horizontal “glare”
from the road or lake will not pass through them.

Polarization, Human Eye, Color



Behavior of Light

Iransparent
Translucent
Opaque
Scattering
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18.3 Behavior of Light Physical Science

(& Materials can be transparent,

translucent, or opaque.
LIGHT PASS THROUGH

LIGHT PASS THROUGH PARTIALLY NO LIGHT PASS
COMPLETELY THROUGH
/_—-__:Z ;
(\ ‘-
Transparent  Translucent Opaque
Objects Objects Objects

OL0),




_ightin iviateriails

A ‘rangosrenimaterial transmits light. Light can pass
through it mostly or fully unimpeded.

A ‘rongluc=n material scatters light. Light passes
through but objects are not clear or distinct.

An opaque material either absorbs or
reflects all of the light that strikes it.
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Scattering

When the sun is close to the horizon, sunlight
travels farther through the atmosphere.

By the time the sunlight reaches your eyes, most
shorter-wavelength light (ROY) has been scattered.

b
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Why is the sky blue?

« Small particles scatter shorter-wavelength ( IV)
light more than light of longer wavelengths (ROYG).

Rays from the sun

L= e R o Fad A\ Th g
4 .n. oA ’ 4 ‘A"’A Py
5 R o et
L R |

1 p et ZGARE R “.
in the blue part
of the spectrum

Atmosphere s




How do polarized sunglasses reduce glare?
d. by scattering light as it passes through the glasses

QUICK CHECK

D. by providing a smooth surface that light can
reflect off

C. by absorbing all light
d. by blocking horizontally polarized light

Glass block windows allow light to pass through, but
people can’t see clear images of whose inside. This is an
example of a ____ material.

The sun appears huge and orange sometimes at sunset.
Why?



How do polarized sunglasses reduce glare? v,

QUICK CHECK

d. by scattering light as it passes through the glasses

D. by providing a smooth surface that light can
reflect off

C. by absorbing all light
d. by blocking horizontally polarized light

Glass block windows allow light to pass through, but
people can’t see clear images of whose inside. This is an
example of a translucent material.

The sun appears huge and orange sometimes at sunset.
Why? Refraction (light bends in earth’s atmosphere)
and scattering of longer wavelengths (ROY) of light.



Anatomy of the Human Eye

Iris
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IOptic Nerve 4

Vitreous Lens

Cornea 45% of the focal power of sight; transparent; protective
Iris muscle surrounding pupil, giving eye color

Pupil like the diaphragm of a camera regulating light
Lens 25% of the focal power of sight; convex

14



Anatomy of the Human Eye

Iris

e

‘N

IOptic Nerve

Vitreous Lens

Retina receives light impulses & sends them to the optic nerve
Macula blood vessels come together (nourish eye)
Vitreous solution; 30% of the focal power of sight; nutrition

Optic Nerve receives nerve impulses from the retina and sends them
to the brain 15



Anatomy of the Human Eye

Tihe eye Is an utterly amazing
creation ofi God. Even
DaRMIRES quoLeaias sa 'n
UTARLONITKELE EY/EAS
IONTICENINA GO TINTE ,Lre,l

selecuon ISISUNGNTIRLTE
iejeiest deirss (Lopiclor:
verieuin Clssies, 1985 ¢,
217). Yet, he still advocated

evolution as the source.????

-

13 This is why | speak to them in parables: “Though seeing, they do not see;
though hearing, they do not hear or understand.

14 1n them is fulfilled the prophecy of Isaiah: ““You will be ever hearing but never
understanding; you will be ever seeing but never perceiving. Matthew 1¥13-14




STRUCTURE OF THE RETINA
o eitan There are two types of

127 14 : 7 photoreceptorsin
: - the human retina:

rods and cones.
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Rod Cone

Rods are responsible for vision at low light levels and
specialize in light and dark contrast (sensitivity).

Cones are active at higher light levels and specialize In
color vision. There are 3 main “cone’ cells
corresponding to Red, Green, and Blue light.
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Red — Green color blindness is the most common
deficiency in human vision. In the case of Red — Green

color blindness people struggle with shades of color,
especially related to blue.

20
Polarization, Human Eye, Color



Eyesight

OPTIC NERVE
CORNEA

LIGHT {:

IRIS

CRYSTALLINE FOCAL POINT
LENS

What produces nearsighted — 5—

Retina

NS Image focused
behind the retina

vision? ‘
What produces farsighted T SRR
vision? (farsightedness)

Polarization, Human Eye, Color 21



How a Normal Eye

N orma l Focuses Light

Vision

\ retina

\

normal
cornea

|\ focus point
-\, is on retina

/| images are
light clear,

object - S

entering the )
eye are | |
focused by

the lens

(transparent tissue that changes shape to help focus incoming
light) onto the retina (the membrane at the back of the eye
that transmits images of external objects to the optic nerve). .



Also called myopia

Iris

Zonules

Anterior
chamber

Normal vision

Retina

Central
retinal vein

sightedness

Choroid

Optic nerve

Myopia

Anterior Sclera
chamber

Cornea

Choroid

Focal
point

Central
retinal artery

Optic nerve
Central

Iris retinal vein

ili Retina
Zonules Cbo?;;,y
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NEAR

[Stance Petween the

1S and the retina Is teo

=
—
L
(X
@

As a result, light rays from
distant objects focus
c=iors they strike the
retina.

Near objects appear
clearly because light rays
from them focus correctly
on the retina.

Polarization, Human Eye, Color

Myopia
(nearsightedness)

24



STRATEGY

NEARsightedness

Blusry imas= on £=tina

The focal lensth is too short
The eye is convergipng the lisht
rays toa much.

CONCaA\E

Iinze= focuses on fatina

By nsing 3 cofrective, CODCAVE
lems, the light ravs 2= first

diverssd ta the eyve lensand than

copyerssd fanther back to hit the
fatina

25



NEARsightedness

CONCaA\E

Polarization, Human Eye, Color 26
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FARsightedness
Also called hyperopia

Anterior Sclera Anterior Sclera

Central
Central retinal arter

retinal vein

0 nerve
Central e

Iris retinal vein Iris
Ciliary Retina

2 Cillary Retina )
Zonules M Zonules w,

L 28
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FARsightedness

No imzss on fatina

AS' a resuit, ight rays frem
RHE2 GRECtS StiKkEtheretina
PETeIENEY AENNNOCUSH
which causes blurred vision.

Distant objects appear Tue focal lengih i 19 long
clearly because light rays bty o

from them focus correctly on
the retina.

Polarization, Human Eye, Color 29



FARsightedness

"No cheating!"

Polarization, Human Eye, Color 30



FARsightedness

CONVEX

Mo i J— Imzs= focusss on retina
. of)
v
The focal length is too lonz By using a corractive, CONVeEX
Ths eye is not conyersine the lens, the light rays are comrersd
light ravs enoush closer ta hitthe refina

Polarization, Human Eye, Color 31



FARsightedness

] Normal vision

CAE

Hyperopia ~ Ienses. \/'osr
corrective issues
are due to

Correction Jarsightedness.

with lens

32



Far Sighted Vision
(hyperopia)

http://somup.com/cFIO3EVE07
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19.4 The Eye and Vision Physical Science

Correcting Vision Problems

Normal

Comea
Foc.:!l point /

Astigmatism

When the cornea or lens is
misshapen, a defect in vision
called astigmatism results.

Light

\\

;/’ .\\
Retina” Lens

Astigmatism Is a condition in —

which objects at any distance Sy 2l
appear blurry because the cornea

or lens is misshapen. \

Specialized eyeglass lens shapes

are u Sed to corre Ct astl g m atl sm. Astigmatic cornea distorts the focal point

PEARSON

of light in front of and/or behind the retina




C lor of Light

ABOUTIT

Primary Colors

Yellow

Blue Cyan

Additive Subtractive

How important is color in our lives?

Name ways we use color to enrich our lives.

Polarization, Human Eye, Color
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Importance of C lor of Light

Colors can put us in a sad, gloomy, bad mood (black, gray).
Color In clothing Is also important to how we appear.
= Make you look thinner or not (one color versus multi-)
» Make you look healthy or unhealthy (lighter, more yellow)
= Make you feel happy or unhappy (greens, blues)
Color can change the look of your skin (rosy cheeks).
Color combinations change the look of other colors you wear.

* Yellow, orange and red are associated with the heat / warmth of sun and fire
 Blue, green and violet are associated with the coolness of leaves, sea, and the sky.

 Red has been shown to stimulate the senses and raise the blood pressure, while blue
has the opposite effect and calms the mind.

36



Importance of C lor of Light

Eye shadow, lipstick, blush, facial creams, facial cleansers,
facial scrubs and strippers, eye brow size and colors

Food

\ehicle colors (e.g. the “bad” guys drive dark colored cars and the
“good” guys drive bright and light colored cars)

Multi-media color is so critical to setting mood; (e.g. scary movies use a lot

of grays and dark colors with bright red blood and gory parts) lights,
costumes, props, stage settings, cosmetics have particular colors to
gain a specific effect

Rooms Classrooms, offices, meeting rooms, interior decorating, our

homes, etc.

Child care facilities are brightly colored with lots of blues, reds and yellows —
making the children happier, more active — giving the appearance of a fun,
clean environment

Jewelry 37



Additive Primary C lors of Light

Additive color processes,
such as In and

presentations,
work by having the capability
to generate an image
composed of red, green, and
blue light.

G

Overlapping all three Additive Primary Colors (red,
Green, Blue) of Light in equal intensities, yields /1=
Icritas shown at the center.

Polarization, Human Eye, Color
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Additive Primary C lors of Light

The combination of TWO of
the three additive primary
colors in equal proportions
produces an additive
secondary color —
magenta or

Red + Green + Blue =

Mixing pigments produces different results than
combining light.

contains all the colors.

39



Subtractive Primary C lors when
mixing dyes, paint, or ink

)/

Each subtractive primary color
absorbs one of the additive
primary colors and reflects the
rest.

absorbs Red, reflecting
green and blue.

Magenta absorbs Green,
reflecting red and blue.

absorbs Blue, reflecting
red and green.

40



Subtractive Primary C lors when
mixing dyes, paint, or ink

White light Shirt looks red

4

Shorts look blue

We see light. White light (which contains all colors
of light) shines on the shirt and shorts. Red is reflected from
the shirt, meaning that all the other colors are absorbed into
the shirt. Blue is reflected from the shirt, meaning that all the
other colors are absorbed into the shirt. 41



Subtractive Primary C lors when
mixing dyes, paint, or ink

Adding TWO subtractive
primary colors together will
transmit one of the primary
additive colors.

W plus reflects Green
to our eyes, absorbing the rest.
Magenta plus reflects

Red, absorbing the rest.

plus Magenta reflects
Blue, absorbing the rest.

Polarization, Human Eye, Color 42



Subtractive Primary C lors when
mixing dyes, paint, or ink

Adding all three subtractive
primary colors together will
absorb all the colors of the
white light, leaving no color
(interpreted as “black™ by our
brain).

Polarization, Human Eye, Color A3



Complementary C lors of Light

Two colors that produce
VELLOW when added together are called
complementary.

The color complementary to a
primary color is called a
secondary color.

The complementary or

secondary colors for red, green

and blue are , magenta and
respectively.

GREEN

MAGENTA CYAN

Polarization, Human Eye, Color A1



Complementary C lors of Light

YELLOW Complementary colors
are also called “Color
Opposites” ...

GREEN . .
Red is “opposite”

Blue is “opposite”

MAGENTA CYAN

IS “opposite”
magenta.

Addition of complementary colors

(color “opposites’) produce
45



Complementary C lors of Light

Red plus (green & blue)
Green plus magenta (red & blue)
Blue plus (green & red )

YELLOW

“Color Opposites”
GREEN

Red + Green + Blue =

MAGENTA CYAN

Polarization, Human Eye, Color



C lors of Light - fill in the chart

v

QUICK CHECK

Primary
Additives

Red Blue

C-reen

Red
Blue
Creen

R+B+G =

Subtractive
Primary Colors

Yellow Cyan
R+6G) B+G)

B=R)

Yellow (R + G)
Cyan (B+G)

Magenta (B-R)

Complementary
Colors

Complement

Result

Polarization, Human Eye, Color
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C lors of Light

Primary
Additives
Red
Blue
STRATEGY Green
Subtractive Yellow Magenta
Primary Colors 3+ K
Yellow (R + G)
Cyan (B+G)
Magenta (B~ R)
+  + Al = black
Cnm[gementar}-' Complement Result
olors
Cvan (B + Q) White
Masental B+ R) White
Yellow (R+ G) White
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18.4 Color Physical Science

Assessment Questions

1. A prism separates white light into the visible
spectrum because

a. longer wavelengths are absorbed more than shorter
wavelengths.

b. shorter wavelengths refract more than longer
wavelengths.

c. shorter wavelengths reflect more than longer
wavelengths.

d. longer wavelengths experience more interference.

PEARSON
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18.4 Color Physical Science

Assessment Questions

1. A prism separates white light into the visible
spectrum because

a. longer wavelengths are absorbed more than shorter
wavelengths.

b. shorter wavelengths refract more than longer
wavelengths.

c. shorter wavelengths reflect more than longer
wavelengths.

d. longer wavelengths experience more interference.

ANS: B

PEARSON
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18.4 Color Physical Science

Assessment Questions

2. The color of an object depends on what the object
IS made of and on
a. the intensity of light that strikes the object.
b. the color of light that strikes the object.
c. the direction of the light that strikes the object.
d. the speed of the light that strikes the object.

PEARSON
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18.4 Color Physical Science

Assessment Questions

2. The color of an object depends on what the object
IS made of and on
a. the intensity of light that strikes the object.
b. the color of light that strikes the object.
c. the direction of the light that strikes the object.
d. the speed of the light that strikes the object.

ANS: B

PEARSON
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18.4 Color Physical Science

Assessment Questions

3. Which of these colors is one of the primary colors
of light?
a. green
b. magenta
c. Yyellow
d. white

PEARSON
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18.4 Color Physical Science

Assessment Questions

3. Which of these colors is one of the primary colors
of light?
a. green
b. magenta
c. Yyellow
d. white

ANS: A (red, green, blue)

PEARSON



