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Section 1

A Factors Determining Color

A Characteristics of EM Radiation
A Light Sources

A Visible Light

A The Newton Color Wheel

A Quiz

Section 2

The Ostwald Color Model

The Attributes of Color: Hue, Saturation,
and Brightness (HSB)

Color Output Models: CMYK and RGB
How CMYK Inks are Layered in Printing
How CMYK Inks Combine to Form
Composite Colors

Exercise: Halftone Screens

Quiz
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Module 3: Color Theory & Management

_®  emess 1OPICS Covered in This Module

Section 3
Color Schemes (optional)

Section 4

Exercises Using the HSB, CMYK, and RGB
Sliders in PhotoShop

Section 5

A The CIE Color Model
A The Munsell System

A Quiz

Answer Sheet for Printing
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Section 1 A Factors Determining Color
A Characteristics of EM Radiation
A Light Sources
A Visible Light
A The Newton Color Wheel

A Quiz
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Peeess Factors Determining Color

A The physics of light

A Visible light represents one tiny band of the entire electromagnetic (EM)
spectrum, which also includes radio waves, microwaves, infrared and
ultraviolet rays, X-rays, and Gamma rays. (More about this shortly.)

A The chemistry of matter.

A Solids, liquids, and gases reflect light waves differentially.

A Solids and liquids heated to approximately 727 degrees Celsius emit light.
A The physiology of human vision

A Our receptors and brains vary slightly in the way they gather and
interpret color.
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= e Characteristics of EM Radiation

A Like waves in the ocean, EM waves have a crest and a trough.

A The speed of the wave is constant (186,000 mps).

A Wavelength (distance between two crests) and amplitude (distance
between crest and trough) are variable.

Wavelength
Crest

A

Amplitufle

o Trough
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— e EM Radiation (including visible light)
i s measured byé

1. Wavelength (meters)
2. Amplitude (meters)
3. Frequency (cycles per second, or Hertz)

4. Temperature/Energy (electron volts, measured
In Kelvins)

WAVELENGTH
[

[ «—— (REST
ﬂmpmunff\f\/\
i «———— TROUGH




oducy;
o4ucty,

Module 3: Color Theory & Management Section 1 7

oo \Wavelength and Amplitude

1. Wavelength (meters)

A Radio waves: 1 cm to 1 km “Micron: ormillionth of
A Microwaves: 100 microns* to 1 cm a meter.
A Infrared: 1-100 microns iy |
o _ Nanometer: one-ten
A Visible Light: nanometers* billionth of a meter
A Ultraviolet rays (measured in kelvins only)
A X-rays (measured in kelvins only)
A Gamma Rays (measured in kelvins only)
2. Amplitude (meters)
WAVELENGTH
3. >
— «—— (REST
4 1

AMPLITUDE

i <—— TROUGH
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ewess  Frequency

NoteT he waveo
speed is constant
(186,000 mi/sec),

so the shorter

- waves have higher
z frequency, and vice
3. Frequency (cycles per second, or Hertz) versa.

Example: Radio waves: 1kHz to 1MHz ) 1 sec

4. W\

4 cycles per sec

v

2 cycles per sec
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Peeess Temperature / Energy

1.
2.
3.

4. Temperature / Energy (electron

volts, measured in Kelvins) Max Planck (German physicist) developed

a formula for determining the spectral
power distribution of a light source

based on its temperature. This is

call ed APl anckos Le

Color temperature refers to the heat (or
energy) of a light source. As color
temperatures vary, so does the
makeup of the light in terms of the
relative power of its constituent
wavelengths.
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Peeess Temperature / Energy

1.
2.
3.
4. Temperature / Energy (electron
volts, measured in Kelvins)
A Longer wavelengths (e.g., radio waves) /V\/\/

are lower frequency and lower energy. Lowerlenonn

A Shorter wavelengths (e.g., gamma rays)
are higher frequency and higher energy. /\/\/\/\/\

Higher energy
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Peeess  Color Temperature

380nm 450nm 490nm 560nm 5%nm  630nm 780nm

NnNHottero

<= =)

sources Nn€miotl esorsto@r c es
wavelengths in larger amounts. wavelengths in larger amounts.

Note This is somewhat counter-
Intuitive, since we associate red
with hot and blue with cold.
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— resess Color Temperature

Exercise for home: Find the adjustment buttons on your
monitor. Is there one for color? If so, change the color
temperature. Do you like it hotter (bluer) or cooler (redder)?

This is one example of the difficulties inherent in matching
your monitor output to printer or other hardcopy output.
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Pre-press nght SOurCeS

A Incandescence: Solids and liquids heated to 1000K
or greater emit light. (1000K = 541 degrees Fahrenhelt) ¥

A Tungsten filament light bulb (2854 K)
A The Sun (5800 K on surface)

A A candle flame

A Gas discharge: Gases emit light when an electric current passes
through them. Variations in the density of the gas produce variations in
color.

A Sodium lamps
A Mercury lamps
A Xenon lamps

Mercury vapor lamp
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rewess | ight Sources (continued)

A Photoluminescence: Phosphors are substances that
absorb and re-emit light.

Florescence: Absorption is concurrent with re-emission.

Phosphorescence: Re-emission continues after absorption has
stopped.

Note: A florescent tube is
really a Mercury light

coated on the inside with *
phosphor. i

14
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- \fisible Light

The human eye is only sensitive to EM radiation at wavelengths that
range roughly between 780 nanometers and 380 nanometers*. This
small segment is called the visible spectrum or visible light.

(Note: reptiles and insects)

Visible spectrum

X-Rays Radio waves

Gamma Rays ! !

Ultraviolet Infrared

380nm 450nm 490nm 560nm 5% 0nm 630nm 780nm
I I | I I I I

*Nanometer: one-@lionth of a meter
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— rewes \ore About Visible Light

A The human eye can distinguish approximately 10,000
colors.

A We call the most prominent ones, in their order, by the
acronym ROYGBIV. (red, orangee)

A These are the colors as you see them refracted by a prism
or in a rainbow.

A 1666: Isaac Newton experimented with a prism and
concluded that Awhiteo | 1 ght
a composite of myriad-color wavelengths.
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to Pre-press The NeWton COIOr Wheel

Newton shone white light
through a prism to produce a
spectrum of red, orange, yellow,
green, blue, indigo, and violet
beams. Then he joined the two
ends of the color spectrum
together to show the natural
progression of colors in the form .
of a wheel with 360 degrees.

Magenta

Yellow

I 42— >

Blue Green

Cyan

17
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Pre-press The Newton COIOr Wheel

Newt onods col or wh
was the first truly Magenta
nscientifico co
because it was an

empirical modelo i.e., Bive
based on observation.

Cyan

Yellow

del

Green

18




oducy;
< ‘ th,

to

Module 3: Color Theory & Management Section 1 19

Pre-press Newton d|dn6t dO SatU

The Newton Color Wheel s
describes only hue, not
saturation or brightness.
The darker core of this
lllustration is meaningless.

Magenta Yellow

So, what do we mean by
Asaturati ono aBhled
Nbri gbPness el
(W_ec“)ll find out 1 n §ghRe next
section...)



oducy;
G¥o%Ucz,,

Module 3: Color Theory & Management Section 1 20

to Instructions: More than one answer may be correct. Use the

— Pre-press SeCtIO n 1 Qu |Z highlighter to mark your options. (Right-click anywhere, click

Pointer Options, and then click Highlighter. When you finish, restore the
arrow pointer.)

1. Col or is det er mi ne d5 HBlye@amplitude of awave is 9. Solids and liquids begin to emit
a. the physics of light. measured inée l i ght when they
b. the chemistry of matter. a. inches a. 10,000 degrees Celsius
c. the physiology of human b. Kelvins b. 144 degrees Fahrenheit
vision. C. meters c. 1000K
d. (all of the above) d. Hertz d. 727 degrees Celsius
2. A light waveobs _ _ _ _6. Thedrequency of a waveyis 10. Which of the following are
constant characteristic. measure d i né incandescent light sources?
a. length a. inches a. Mercury lamps
b. amplitude b. Kelvins b. the Sun and stars
c. crest C. meters c. ordinary filament light
d. speed d. Hertz bulbs
e. trough d. candle flames
7. The Atemperatureo of EM
3. The distance between the crest radiation i s meas urlddheispeérum of visible light runs
and the trough of the wave is a. inches fromé
called its A___.20 b. Kelvins a. violet to red.
a. frequency C. Mmeters b. blue to green.
b. wavelength d. Hertz c. redto violet.
c. amplitude d. red to yellow.
8. Light waves with shorter
4. Which of these measurements is wavelengths (e.g., blue, violet) 12.Itwas __ who discovered that
the smallest? have a temperature than white light is composed of
a. ananometer ones with longer wavelengths different-colored wavelengths.
b. a micron (e.g., red). a. Copernicus
c. acentimeter a. higher Ptolemy
b. lower Isaac Newton

b
C.
d. Galileo
e. Leonardo da Vinci
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Pre-press

Section 2 A The Ostwald Color Model

A The Attributes of Color: Hue, Saturation,
and Brightness (HSB)

A Color Output Models: CMYK and RGB
A How CMYK Inks are Layered in Printing

A How CMYK Inks Combine to Form
Composite Colors

A Exercise: Halftone Screens

A Quiz
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m»es  The Ostwald* Color Modeld A Useful Tool

écharacterizes col or
Adominant wavelength (hue)
Apurity (saturation)

Aluminance (brightness)

Dominant
Wavelength (Hue)

Luminance
(Brightness)

o
>

Purity (Saturation) (a measure of how far the color is from the pure hue)

*Proposed by the German scientist Ostwald in 1914, this model is useful as a tool for
understanding the properties of color.
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e The Ostwald Color Modeld A Useful Tool

The color in each cell of the
model can be expressed as the
percentage of white, black and
hue required on a spinning disk
to produced the same
perceived color.

white

(brightness)

no hué——>full hue

(saturation)
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m»es  The Ostwald Color Modeld A Useful Tool

However, the 1| | usdbesaotidenty thenmie eotlingy o
so you will not find that model in graphics software. The HSB model, shown tt
(below), identifies the hue by its position on the col&3@BGEel(lere botli O

and 360are red. Notice the significance of the numbers.

0
20
100 0
40
100 0
20 6

80 0
0
0 80 0 100 0
0 40 80
60 0 10
20 ‘60 5=100
0 60 0 80 0 B=100
0 40 80
00
20 60
40 0 60
40
40
Ostwal ddéos HSB moc
color panel shows HSB values.

lllustrative model
(from previous slide)
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Adjusting Hue

Red (hue) Iin
varying Change of Hue
degrees of
saturation and
brightness
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Brightness

Attributes of Color

»

>

Saturation

Module 3: Color Theory & Management Section 2 26

Hue

HSB

Hue is determined by
wave length.

Brightness is determined
by the amplitude of the
wave.

Saturation refers to the
purity of the hue.



oducy;
o4ucty,

Module 3: Color Theory & Management Section 2 27

Pre-press More AbOUt Hueé

The visible spectrum is composed of pure (fully saturated) hues.
The spectral hues may combine to

A other pure hues. (E.g., green at 520nm plus red at 66nm equals
yellowat 590nm),

N - I -
or

A less saturated hues. (Pink is a desaturated red insofar as it is basically
white light with a greater preponderance of red wavelengths.)
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Pre-press More AbOUt Hueé

Note that some fully saturated hues, e.g., magenta, are not
spectral. They do not occur in the light spectrum, but they may be
produced by combining other hues.

magenta

Note also that some pure hues are perceived to be less saturated
than others. E.g., a fully saturated yellow appears to be less
saturated than a fully saturated red or violet.

28
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to

Pre-press More About SaturatIOn

A Saturatiorefers to the purity of the hue. A fully saturated hue is one that cont
white.

A Brightnessilso known asninancas determined by the amplitude of the wave.
may think of the brightness axis as progressing along an achromatic line frc
through shades of grey to black. Black is simply the absence of light, where
a complete mix of light.

ﬁ
SATURATION

BRIGHTNESS
(towards black)
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Attributes of Color

HSB describes attributes.

Any color may be described in terms of its hue,
saturation, and brightness, whether that color Is
produced by inks, by paints, by projected light,
or by the bombardment of electrons against the
phosphor coating on the screen of a CRT
monitor.

30







