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—— MIXING COLORS OF LIGHT —
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Mixing MAGENTA and EYAN makes blue

— COMPLEMENTARY COLORS —
Qvech lapping complementary col white light.
Complementary colors are on wwme Sdes of the color whees

— COMPLEMENTARY COLORS —

of ink or paint pr
Ccomplementary colors are on opposite sides of the color wheel.

 Color wheel poster shows
additive and subtractive color
mixing

 Subtractive color mixing can
be discussed using energy
conservation
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Concept Map for Color

Energy is
conserved

Energy is conserved when light interacts
with matter:

E in =E reflected +E transmitted +E absorbed

Color results from selective
absorption of visible light
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Energy conservation: colored objects

Energy = energy + energy
in absorbed {ransmitted

Energy = energy + energy
in absorbed {ransmitted

(R+G+B) -R =G +B
G+B -G =B
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Interaction of Light with Matter in context

of Energy Conservation

Energy in = energy reflected + energy
Energy in = energy transmitted (scattered) transmitted + energy absorbed
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SMALL PARTICLES REFLECTS, TRANSMITS,
SCATTER LIGHT AND ABSORBS LIGHT
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| Simplified Model of
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we look toward the sun, we [N Light Used in this Poster A computer monitor uses IR, G, BB phosphors to generate colors. The smooth surface of 2 mirror reflects
a ray of light so that the angle of

the sky violet? See the detals incidence (6) = angle of reflection (6.

section below for a hint and
reference 3 for a complete
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the surface is optically rough at visible wavelengths

of star of
il In these phosphors, the energy lost by an excited electron (e)

Sunset
object or flame
5 results in light emitted with that energy.

TRANSMISSION

| =3
|(===]
(=]

Beer, Craig F.Bohren, John Wiley & Sans, 1987.
ht Through Yonder Wi Breaks, Craig F.Bohven,
John Wiley & Sons, 1991

o~ ——— | | | 3."Colors of the Sky.” CF.Bohren and A.B.Fraser,
REcSE The Physics Teacher, May 1985, pp. 267-272
Infiared Visible _>| Unnraviolet & Conkiion ColoeConoms b LD MG
,»:5. 5.wwwisci-ed-ga.org/modules/materialscience/color/ ferent
= Objects emit ight over a wide continuous range of wavelengths. 6 Light and Colorin Nature and Art, . Witiarmson and H.Z. Cummins, has 2 glass prism at
At each temperature, this range can be approximated by three John Wiley & Sons, 1983 on-nomal nd v-‘.»n"" A “r’,:;‘r“

separated wavelengths. The rules for additive color mixing can
then be used to predict how the color of hot objects changes with
increasing temperature.

different amounts by a glass
prism because the glass's refractive
index changes with wavelength.

Sunlight passes through a longer length of atmosphere at sunset
than at noon, which leads to increased scattering. When we look
toward the sun at sunset, we see the unscattered light that is
enriched in light of longer wavelengths. This results in a yellow or
orange or even red sun.

Water in a glass does not
appear colored because the
short path of light through
the glass of water results in
almost no light absorption.

Some Details and Clarifications
« Light is not colored. Color is a human visual response that
depends on the spectrum of visible light entering our eyes - the
color that we observe then depends on the responsivity of the
long, middle, and short wavelength sensitive cones in our eyes
and the processing of these signals by the brain

The color of an object seen by reflected light depends on both
the light spectrum illuminating the object as well as thy
reflectance spectrum of the object. This is why the color
clothes changes with illumination conditions.

* Light of a single wavelength corresponds to a definite percei
color. Most perceived colors can be evoked by a large numb
different light spectra entering our eyes.

For further details about and limitations of the explanafions
given in this poster, consult the references.

.

Part of the incident light undergoes refraction as it enters a
water drop, then reflection at the back surface, then
refraction as it exits the drop. The index of refraction of water
is different for different wavelengths, causing the incident
Deep water appears blue because absorption of visible light by sunlight to separate into a rainbow of colors. Only shown are
Z water is gradual as well as selective: greatest at the red end of the the rays corresponding 1o the angle at which scattering is 3
spectrum,least at the violet and blue end. maximum, See Reference 1, chapter 21 for further details

Leaves are dark green because they absorb akmost all
of of the red and blue part of the visible spectrum and

much of the green; they reflect a small portion of the 1
green. Much of the absorbed light is used for
photosynthesis; the remaining absorbed light heats

Energy in (heating) = “Potential energy” of electron in
energy emitted (light) atom = energy of emitted photon
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© & THE SEASONS €& ©

A TALE OF THE SUN, EARTH, AND TWO CITIES

At any time, haif of Earth's surface Is
heated by sunilght. while the entire surface Is
cooled by Earth's emission of Infrared ight

Some Detaits and Clartfications

receive roughly constant solar hesting
Ihrougheat e yeur As  resul ey ersentialy have
o seasons

At the tropics, e annsal solar raciation sbsorsed
by Eanh

radison. At e mi
1adabon dbsorted

the snvsal amitted ares

one
messured from the 1

s are dmos entirly 8 consequance of the
becwzen

temperature data from a northern hemisphers city
how York Cy ~ ude) a0 3 southern

amisghare Gy (Nelington, New Zesand ~ 40° south
latitude). The data andlysis shown confims these
causes of the seascral in solar nergy

Maximum Distance

P
sy

The sun's rays that strike Eartiv afe nearly parallel.
For the other diagrams, we drew the rays pertectly parallel.

This

The length of the line of latitude in daytight (x)
divided by the total length shown (x+y) indicates
the percentage of daylight hours at that latitude.

Minimum Distanc

Ry

Earth emits mostly Infrared radiation
ections.

ALL OBJECTS EMIT ELECTROMAGNETIC RADIATION.
HIGHER TEMPERATURE OBJECTS EMIT AT SHORTER WAVELENGTHS.

The Sun emits radiation in ail directions.
Slightty less than haif of this radiation
is emitzed as visible Hgh.

Count the number of the
Sun’s rays becween

A-8B

The greater the density of
rays, the grester the solar

heating, resutting in higher
temperatures.

JANUARY

When the Sun is at n angle f above the horizon, the
concentration of sunlight oa Earth's surface
Is reduced by a factor of sin) compared
0 the concentration when the sun is
Girectly overhead.

Local Zenith

MONTH

The number of daylight hours and the maximum Sun afdtude vary

significancly over a year. The maximum Sun aiitude

NONT

215" +23.5" = 47" annually. We expect the annual variauon i the solar

‘energy striking Earth at a iocation  depend on the number

of eviane

ours and the sine of the maximum Sun alude at that IOEATON.

The average dally solar insolation and temperature
s by vary sigaificantly over a year.

o

b L

K ) A o
[

o

The yearty variation of the solar Insolation Is ciose t0 but
ot exactly follow the voriation of the number of
daylight hours or the sine of the maximum Sun aitcude.

) e s v
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MONTH

The yearty variation of the sotar insolation closely matches
the yearty variation i the product of the number of
daylight hours and sine of the maximur Sun altitude.

Understanding
reasons for seasons
In context of energy
conservation
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Energy conservation: temperature of the entire Earth

At any time, half of Earth's surface is - : —
heated by sunlight, while the entire surface is E ne rgy In (S un I I g ht) —

cooled by Earth's emission of infrared light. Energy absorbed (h eating) —
Energy out (infrared light)

(Simplification: Actual energy
flows are complex)
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Energy conservation: climate variation

Count the number of the
Sun’s rays between
A-B
B-C
c-D
D-E
E-F

The greater the density of
rays, the greater the solar
heating, resuiting in higher JANUARY

temperatures.
Summer in North America Winter in North America

Winter in South America Summer in South America

Energy in (from sunlight) = Energy absorbed (heating)
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