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When every single hue in a photo can be saturated, tinted, cross-processed, filtered, or manipulated using today’s wide variety of digital tools, the possibilities are endless—but can also be overwhelming. Expert pro Jeff Wignall demystifies this essential subject in this compelling and richly illustrated guide for photographers who want to master color and give their images depth and richness. From the origins of color theory to the latest post-production techniques, the full spectrum is thoroughly covered, with Jeff’s own inspirational photography perfectly complementing his authoritative text. Learn when to exercise restraint, and when to boost saturation to the limits. Communicate mood and emotion by learning precisely how human color perception operates. Make your colors your own, with perfect exposures and dramatic post-production results.


Harness the power of color to push your photos to their full potential!
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Introduction


AS FAR BACK AS I CAN REMEMBER I HAVE BEEN FASCINATED BY COLOR. AS A KID, MY FAVORITE GIFT ON BIRTHDAYS AND CHRISTMAS WAS ALWAYS A BIG BOX OF CRAYOLA CRAYONS AND THE OLDER I GOT, THE BIGGER THE BOXES BECAME AND THE MORE HUES THEY INCLUDED.


Still, even as the wax spectrum grew larger, I think that I secretly lusted for one magic box that contained all of the known colors in the universe. How could a mere 64 or 128 colors ever hope to contain or transcribe the range of colors that overloaded my very rich imagination? (Little did I know that colors have a more or less infinite range.)


To complicate matters, when I was about eight years old my father (a photographic scientist by profession) handed me a prism and briefly explained the source of color to me and (as Sir Isaac Newton had demonstrated almost three hundred years earlier) that all colors were contained in daylight. My curiosity and my color lust grew (and by the way, half a century later I still own that prism). In fact, I suspect that my decision to become a photographer had far more to do with my obsession for understanding and capturing color than it did with any journalistic or commercial ambitions.


The advent of digital photography well into my shooting career only fueled my passion for color. From the first time that I sat in front of a computer and began exploring Photoshop, I realized that I could now tinker with the very essence of color: hue, brightness, and saturation (topics that we’ll examine in detail throughout this book). And when I learned that a computer monitor could display millions of colors, my life’s ambition to possess all colors was realized. I’d found the ultimate crayon box.


While we may at times take the ability to see and record for granted, it actually cuts a far deeper subliminal river into our consciousness, our emotions and our very souls than we might imagine. As you will see in the opening chapter of this book, for example, color has a profound ability to tint our mood and our emotional state: we feel blue, we see red, we’re green with envy, and we are tickled pink. Indeed, Pablo Picasso once wrote: “Colors, like features, follow the changes of the emotions.”


As photographers, we demand tools and techniques that help us to achieve our creative goals. But better tools and more expansive techniques are not enough. In order to record color faithfully (no matter how far we stray from its truth artistically), we must first be able to see it for what it is. We must become aware of how nature continually reinvents the spectrum—through changes in lighting, seasons, and even the weather. And we must be aware of the effects that technical considerations like exposure and contrast have on color. We must also understand the relationships between colors: Why do some colors seem to complete one another while others are locked in fierce visual combat? How does the artist’s color wheel relate to photographic technique?


Because photography is largely a technical pursuit, in order to exploit color effectively it’s also important that we understand its scientific origins, its technical terminology, and we must recognize the limitations of technology—and how we can use specific techniques (high dynamic range imaging, for example) to burst through those boundaries.


In short, in order to make the most of color we must immerse ourselves in its world. In this volume I hope to share my passion for color, as well as to shed some light on how you can better utilize it in your photography. It’s my hope that this book will help you to see the world as your own personal giant crayon box and use those marvelous sticks of creative pigment to interpret the world in your own way.


Jeff Wignall
Stratford, Connecticut
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Chapter I:


Color Basics
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We live in an amazing era when the answers to almost any questions that we have about the world around us are just a few clicks of a keyboard away. How deep is the ocean? Do fish sleep? Why do birds migrate? Do stars move? While much about the world and its workings is still wrapped in mystery (and how much more interesting life is because of that?), we have access to a deep well of information that is available almost instantaneously at our fingertips.


Imagine then, living at a time when something as basic to life on Earth as the nature light and color was still a ponderous mystery. For many centuries, the true origins of color and why specific objects had specific colors was a topic hotly argued over by philosophers, theologians, scientists, and even poets. Plato and Pythagoras, among others, believed in the theory of an “active eye” in which light and color emanated from the eyes. Epicurus, on the other hand, believed that light was produced by objects and received by the eye.


As we’ll see in the coming pages, it wasn’t until Sir Isaac Newton held a prism up to a ray of light and saw the spectrum of the sun unfold in a darkened room that the true source of color was revealed. Of course, science had its skeptics: The great thinker Goethe (who in 1810 published his 1,400-page treatise Theory of Colours—which is still in print) thought that Newton’s discovery was at worse nothing more than a parlor trick—an illusion almost literally of smoke and mirrors—and at best a fluke that could not be recreated.


But Newton’s discoveries were far from a lucky accident: he had discovered the true nature of both light and color. And when Newton took his discovery yet further and twisted that spectrum of light into a circle of color, artists (and soon photographers) had the keys to a very deep and accurate understanding of the relationships of color.


As word of Newton’s discoveries spread, scientists and artists set to work quickly to delve deeper into this new knowledge. An entire language developed to help describe, define and model specific colors—and it’s a language that is still evolving today.


Color vision took another quantum leap when, in 1801 the brilliant Thomas Young (in one of more than 90 lectures he delivered that year) proposed a very accurate theory of human color vision. Less than 60 years later another English scientist, James Clerk Maxwell, combined Young’s discoveries with photographic theory in a way that would change photography forever.


Evolution of a Color Theory


PERHAPS THE FIRST TIME THAT THE CONCEPT OF A COLOR THEORY BEGAN TO TAKE SHAPE WAS IN THE MIND OF A CAVE ARTIST WHO, ACCIDENTALLY OR INTENTIONALLY, MIXED RED BERRIES AND GREEN BERRIES AND DISCOVERED THAT HE HAD CREATED THE PERFECT GRAY-BROWN COLOR HE NEEDED FOR THE HIDE OF AN ANTELOPE.


Suddenly a new realm of color thought was born: it was possible to mix several color sources together to create entirely new colors. Such an idea must have been mind-boggling and these primitive artists no doubt found themselves peering over one another’s shoulders with fascination as they explored the magic of creating entirely new colors.


Since those first—and no doubt accidental—experiments, humans have wrestled with the notion of the exact origins of color and the realm of artistic possibilities that those colors offer. For thousands of years everyone from philosophers to scientists to artists have been looking for (and continue to seek) a theory of color that provides an explanation for the existence of colors, a set of rules for how various colors are mixed (in both pigment and light) and an orchestrated method for replicating them in various media. And since you are reading this, you are now a part of this quest.


Serious artistic use of color no doubt bean with during the Predynastic period of ancient Egypt (5000–3000 BC) when artisans ground up minerals to decorate pottery, tombs and religious figurines. And there are many references to the Babylonians making use of complex color mixing more than 1900 years ago. But the beginnings a written color theory came from the ancient Greeks. The Greek philosopher Democritus (c460–370 BC), a pre-Socratic thinker who had theories on everything from atoms to ethics to the human soul (no television or Internet in those days to distract one from deep thought), theorized that all colors were obtained through various mixes of red, green, black and white. (Interestingly, the Greeks were able to differentiate more than 800 distinct mixes from these four essential colors.) Like many early color explorers, however, Democritus believed that color was a property of the object itself and if the color of an object changed, it had to be the result of a change in the object.
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ARISTOTLE BELIEVED THAT ALL COLORS WERE SENT BY THE HEAVENS AND WERE THE RESULT OF AN EPIC BATTLE BETWEEN DARKNESS AND LIGHT.
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MANY EARLY GREEKS SHARED THE NOTION THAT COLOR WAS A PROPERTY OF THE OBJECT BEING VIEWED AND NOT THAT OF THE LIGHT STRIKING IT. SOME EVEN BELIEVED THAT RAYS OF COLOR EMANATED FROM THE OBJECT ITSELF.


But it was Aristotle whose thoughts on color made the most lasting impression and he wrote the first known book about color (“De Coloribus”). Aristotle believed that the two main colors were white and black—or simply, light and its absence. Colors, he theorized, were celestial gifts and the result of an endless battle between darkness and light (a concept that just drips with philosophical underpinnings). Further, he believed that the two primary colors other than black and white were yellow (the color of the sun’s light) and blue (the color of space). And all colors, he believed, were related to the four physical elements of the world around him: air, water, earth and fire.


Aristotle developed the first linear system of colors that transitioned from white to black and took the following progression: white, yellow, red, purple, green, blue and black. The concept of such a color line came from the fact that Aristotle was an astute observer of the changes in the world around him. Throughout the day Aristotle watched as the blackness of night morphed into yellow light of day, the gold morning light turned into the white light of midday and the afternoon surrendered to the blue and violet of twilight—and then all returned to blackness. Who could argue with his conclusions based on such and observant and rational viewpoint?


But Aristotle like Democritus and other Greek thinkers also shared the concept that color was a property of the object being viewed—and not a creation of light or its interpretation by the human eye. Empedocles actually took the concept a bit further and believed that vision (and therefore color) was the result of beams of particles being shot out through pores in our eyes and mingling with similar particles emanating from the objects themselves. (Though he didn’t know it, of course, Empedocles was much closer than he might have guessed to the modern theory of light being a form of radiant energy.)


From about 350 BC to 1500 AD, virtually all scientists, artists and philosophers used Aristotle’s theory as the gold standard. It may seem far fetched to consider such theories now perhaps, but how less far fetched would it have been to convince these great thinkers that all light and color on Earth were coming from the sun some 93,000,000 miles away—a theory that would be proven in the early 17th century by one of the world’s greatest scientists: Sir Isaac Newton.
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In 1666 Sir Isaac Newton would change the theories of light and color forever with what seems now like a tremendously simple experiment. Newton, who had been experimenting for some time with optics and light, darkened room and allowed light to enter only through a small hole and he placed a small glass prism in the path of that light.


In a letter to the Royal Society Newton describes the experiment: “…In the beginning of the Year 1666 (at which time I applyed my self to the grinding of Optick glasses of other figures than Spherical,) I procured me a Triangular glass-Prisme, to try therewith the celebrated Phænomena of Colours. And in order thereto having darkened my chamber, and made a small hole in my window-shuts, to let in a convenient quantity of the Suns light, I placed my Prisme at his entrance, that it might be thereby refracted to the opposite wall. It was at first a very pleasing divertisement, to view the vivid and intense colours produced thereby.”


What he witnessed on the opposite wall was the white light broken down into a band of pure hues that he termed a “color spectrum” (a term he derived from a Latin word meaning “apparition”). He labeled the colors as: red, orange, yellow, green, blue, indigo, and violet. What he had discovered, of course, was what we know is the visible portion of the electromagnetic spectrum. While he noted that the light of the spectrum was continuous and each color gradually merged into the next, he chose to label them as seven distinct colors largely because the number had a mystical significance to the ancient Greeks. (Though Newton included seven hues, most modern descriptions of the spectrum omit indigo and include only the other six hues).


To prove that the light was not being colored by the glass prism, Newton used a second prism set in the path of the spectrum to recombine the separated colors of light back into their original form. Newton wrote: “I have often with Admiration beheld, that all the Colours of the Prisme being made to converge, and thereby to be again mixed as they were in the light before it was Incident upon the Prisme, reproduced light, intirely and perfectly white, and not at all sensibly differing from a direct Light of the Sun.”


Newton also did experiments where he passed each color of the spectrum back through prisms individually to see if the could be broken down yet further. He discovered that they could not and that a specific beam, once separated from the spectrum remained true to its color. This proved to Newton (and the world) that he had discovered the true nature of white light. His experiments proved beyond all doubt that color existed in the light itself and was not something that emanated from objects (or from the human eye). It was an astounding discovery and is the basis of all modern theories of light.


But Newton did one more thing that, as you will see in the coming pages, had a profound effect on our understanding of the relationship of colors: he took the linear pattern of colors produced by the prism and joined them into a circle. That circle of visible light became the first color wheel and the model for all of the many variations that followed.


Although the theory of color continues to evolve and we find ever more uses of light (and information about) color—measuring the chemical content of distant stars by recording their spectrums, for example—it was Newton’s simple experiment with a glass prism in a darkened room that led to our current knowledge of light and color. Newton published his findings in the book Optiks in 1704—considered the first scientific thesis on the subject (and, not surprisingly, the publication of which caused quite an uproar in the scientific community).


Next time that you’re feeling that you’ve had a good day of multitasking around the house, consider this: in the span of only two years Newton discovered and revealed his theory of gravity, introduced calculus as a new form of mathematics and discovered the visible spectrum—all while employed as a lecturer at Cambridge.
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A SIMPLE SUNCATCHER HANGING IN MY OFFICE WINDOW PROVED NEWTON’S THEORY. THE SUN STRUCK A PRISM SURFACE IN THE SUNCATCHER AND BROKE THE LIGHT DOWN INTO ITS SPECTRAL COLORS AND SPREAD THEM AGAINST THE WALL BEHIND MY COMPUTER MONITOR. YOU CAN SEE THE SHADOW OF A LAMP IN THE UPPER LEFT CORNER OF THE FRAME.




IT WAS SIR ISAAC NEWTON WHO WAS THE FIRST TO REALIZE (AND PROVE) THAT ALL COLOR WAS CONTAINED IN THE SUN’S LIGHT. A RAINBOW ACTS LIKE A GIANT PRISM THAT BREAKS THE LIGHT DOWN INTO ITS SPECTRAL COLORS.
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NEWTON’S EXPERIMENTS PROVED ONCE AND FOR ALL THAT IT WAS THE LIGHT THAT GAVE OBJECTS THEIR COLOR AND NOT THE OBJECTS THEMSELVES. IF IT WERE NOT FOR THE SUN’S LIGHT CONTAINING ALL OF THE COLORS OF THE RAINBOW, WE WOULD LIVE IN A WORLD OF GRAYS.
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The Color Wheel


WHEN SIR ISAAC NEWTON TOOK THE LINEAR ARRAY OF COLORS THAT WERE REVEALED IN HIS PRISM EXPERIMENTS AND BENT THEM INTO A CIRCLE KNOWN AS A “COLOR CIRCLE” OR “COLOR WHEEL” HE CREATED AN IMPORTANT TOOL THAT, FOR THE FIRST TIME, PROVIDED A WAY TO VIEW THE RELATIONSHIPS BETWEEN COLORS AT A QUICK GLANCE.


That apparently simple act (and one that may have seemed at the time like a small wrinkle in his thought process compared to the colossal nature of his overall discovery) has vastly enhanced our understanding of how colors work together.


The color wheel provides a shorthand tool that enables artists and photographers to envision important creative concepts like color harmony and color contrast. If you’re trying to create a photograph that is built mainly from “warm” color combinations (concepts that we’ll discuss later in this chapter) it’s easy to spot the range of yellows, reds and orange that fall into that group.


The specific colors in the modern wheel are, at their core, representative of the colors in the visible spectrum and not vastly different from what Newton observed. There are, however, nearly endless versions of the wheel, ranging from simple circles with the six basic hues to complex three-dimensional models that show many variations (in terms of contrast and saturation—topics we’ll cover later in this chapter) of each hue. In some wheels the colors form a continuous band, in others there are distinct demarcations.


Also, while the first color wheels created followed Newton’s circular design, today there are designs that range from straight lines to cubes to triangles and even spheres. While a plain circle will provide the information necessary for comparing pure hues, applications like the graphic and printing trades that rely on using very specific shadings and purities require far more complex models such as the Munsell Color System (see here). In addition, as the illustrations here show, color theorists have devised any number of ways to connect various colors within the color wheels—including triangles, squares, pentagrams, etc. Color wheel design it would seem is pretty big business.
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PRIMARY COLORS ARE THE FOUNDATIONS OF EVERY TYPE OF COLOR WHEEL, FOR BOTH TRANSMITTED AND REFLECTED LIGHT BECAUSE IT’S FROM EACH SET OF PRIMARY COLORS (EITHER RBG OR RBY) THAT ALL OTHER COLORS ARE CREATED. THOUGH PROBABLY NOT AN INTENTIONAL NOD TO COLOR THEORY, THIS FERRIS WHEEL CONTAINS THE PRIMARY COLORS OF BOTH TRANSMITTED (RGB) AND REFLECTED LIGHT (RBY) COLOR WHEELS. WE’LL DISCUSS PRIMARY COLORS AND THEIR IMPORTANCE IN GREATER DETAIL LATER IN THIS CHAPTER.


To complicate things a tad further, while some color wheels are designed for use with the pigment-based or reflected-light color models, others are based on transmitted light. Newton of course was trying to explain and demonstrate the nature of transmitted light in its purest form and his primary concern was revealing light from a scientific standpoint. Most artists, on the other hand, use color wheels based on reflected light sources such as pigments since those have more practical applications in their daily work.


As photographers we’re caught somewhere in the middle of this riddle. Though we work with the transmitted (red/green/blue) color model in both capturing and editing our images, when it comes time to print our pictures we enter the realm of pigmented colors and reflected light since inks and dyes on paper are examples of reflected color sources. In other words, when you are out shooting (or sitting at the computer editing) you are dealing with transmitted light but when it comes time to print, you have become a pigment-based artist. At first these appear to be contradictory forces (designed it seems to make your head spin), but as we delve more into color models in the pages head things will become a bit more manageable.


All color wheels, regardless of shape or complexity or audience, provide a valuable tool for understanding colors are created and how different pairings or groups of colors can be exploited for creative effect. For most art students (including myself), studying and creating a simple color wheel is an important part of their first year’s studies and having to create one from a blank piece of paper and a limited range of pigments is a fun challenge that teaches you a lot about color.
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PICK A COLOR WHEEL, ANY COLOR WHEEL




Though Newton was the first to arrange the colors of the visible spectrum in a circle configuration, there have been countless reinterpretations and refinements. Each type of color wheel has its own method of showing the relationships of colors to one another and each has its own unique advantages and uses. Shown here (going clockwise from the upper left) are four of the most significant color models introduced by: Sir Isaac Newton’s (1670) asymmetric color wheel that shows the seven colors of the visible spectrum in the order the appear in the rainbow (and that also includes both musical and planetary symbols that he believed were related to colors), Johann Wolfgang von Goethe’s symmetrical wheel (1810), the Munsell Circle created by American painter Alber Munsell (1905), and the circle created by French art critic Charles Blanc (1867) who’s triangle-based wheel examined the relationships between primary and secondary colors.








The Primary Colors


FOR MOST OF US, OUR FIRST EXPERIENCE WITH PRIMARY COLORS CAME IN GRADE SCHOOL ART CLASSES WHEN OUR TEACHERS TAUGHT US THAT MIXING YELLOW AND BLUE PAINTS TOGETHER WOULD PRODUCE GREEN. THE EXACT SHADE OF GREEN DEPENDED, OF COURSE, ON THE RATIO OF BLUE TO YELLOW.


Similarly, we learned that if you mixed red and yellow you got orange and if you mixed blue and red you got purple. The ability to turn two existing colors into a brand new one was quite a ponderous thought at such a young age and most of us wore home our magically created hues on our hands and faces and sleeves as badges of our newfound color skills. Suddenly we possessed the knowledge to make a whole new palette of colors from paints that we already owned—our personal creative wealth (not to mention artistic vision) had just exploded.


Those three basic colors—red, yellow, and blue (known more commonly as simply RYB)—are the basis for all color mixing with pigmented colors like oil paints or watercolors. It seems hard to fathom, but almost any color that you can imagine (in the neighborhood of 16,000,000 colors if you happen to have a very vivid imagination) can be created by carefully blending just those three simple hues in varying proportions. If you’re an artist and have buckets of only those three colors, the rainbow is at your fingertips.


Interestingly, however, RYB is not the only set of primary colors (nor do all artists consider the primary set limited to those three colors) and, in fact, there are two other sets in common use that are more useful in the photographic world. Understanding why there are different primary sets of primaries, what they are and how each of them works is at the core of understanding how colors combine to create other colors.


As we’ll see in the following pages, each different sets of primary colors is used in different areas of art, photography and the graphic arts and each has its own unique advantages.
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AS KIDS WE’RE TAUGHT THAT WE CAN MAKE ALL COLORS FROM RED, YELLOW AND BLUE PAINTS—THE COLORS THAT MAKE UP MOST OF THE COLORS OF THIS PARROT. BUT THOSE ARE ONLY THE PRIMARY COLORS OF PIGMENTS—THERE ARE TWO OTHER SETS OF PRIMARY COLORS AS WE’LL SEE IN THE FOLLOWING PAGES.
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COLORED GLASS WORKS JUST AS THE COLORED FILTERS THAT YOU PUT OVER YOUR LENS WORK: THEY PASS LIGHT OF THEIR OWN COLOR WHILE SOAKING UP OTHER WAVELENGTHS. LOOK CLOSELY AND YOU’LL SEE VIOLET-COLORED STRIPES ON THE RIGHT EDGE OF THE BLUE BOTTLE—THE RESULT OF REFLECTIONS FROM A NEARBY WALL.
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AS ALL ARTISTS KNOW, YOU CAN CREATE MILLIONS OF COLOR VARIATIONS FROM THREE BASIC COLORS. FOR ARTISTS WORKING IN PIGMENTS, THOSE COLORS ARE RED, YELLOW, AND BLUE.
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BY MIXING PRIMARY COLORS A PIGMENT ARTIST CAN CREATE SECONDARY COLORS. ADDITIONAL COLORS CAN BE CREATED BY MIXING EITHER ONE PRIMARY AND ONE SECONDARY. OR BY MIXING TWO SECONDARY COLORS TO CREATE WHAT ARE KNOWN AS TERTIARY COLORS. BETWEEN PRIMARY, SECONDARY AND TERTIARY COLORS, AN ARTIST HAS A RANGE THAT RUNS INTO THE MILLIONS OF COLORS—A FACT NOT LOST ON THE ARTISTS WHO CREATED THESE BEAUTIFUL POTS THAT I PHOTOGRAPHED IN MEXICO.


Red, Yellow, & Blue—The Subtractive Primaries


THE COMBINATION OF RED, YELLOW, AND BLUE ARE KNOWN AS THE PIGMENT PRIMARIES OR THE PAINTERS’ PRIMARIES BECAUSE THESE ARE THE COLORS THAT ARTISTS USE TO MIX THEIR COLORS.


On a standard color wheel, red, yellow, and blue are equidistant from one another. As you can see in the illustration below, if you connect the three primary color colors, more colors are created.
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Red, yellow, and blue are also known as the subtractive primaries because the way that they work is by selectively allowing their own colors to reflect back to the viewer. In the shot of the kayaker going over a waterfall shown to the right, for example, the materials used in the various objects reflect back their own color while absorbing the others. The pigments used in the red-colored plastic are allowing red to reflect back to the viewers eyes while subtracting much of the yellow and blue light. The blue materials used for the jacket reflect back the blue light but absorb much of the red and yellow light; the yellow reflects yellow, but absorbs much of the blue and red. The actual amount of light subtracted really depends on the purity of the pigments or other materials in use, and even for a skilled artist mixing the exact same color twice is a pretty steep challenge (which is why, no doubt, painting is an artistic skill and not a scientific process).


This principle is very similar to the way in which we see the color of objects. When you look at a red barn, for example, the reason that it appears red is because the pigments with which it has been painted are absorbing the yellow and blue while reflecting back most of the red light. We’ll talk more about this particular concept in the upcoming pages on vision.
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WHY IS A RED BARN RED? BECAUSE THE PIGMENTS USED IN ITS PAINTS HAVE A MOLECULAR STRUCTURE THAT BOUNCES BACK PRIMARILY RED LIGHT WHILE AT THE SAME TIME ABSORBING MOST (NOT ALL) OF THE YELLOW AND BLUE LIGHT. IF THE PAINTER HAD ADDED YELLOW PAINT TO THE RED, THE BARN WOULD BE ORANGE—A SIMPLE COLOR MIXING TRICK MOST OF US LEARNED IN GRADE SCHOOL.
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WITH ANY OBJECT, THE COLOR YOU SEE IS WHAT THE OBJECT’S MATERIALS REFLECT. PIGMENTS AND OTHER MATERIALS REFLECT LIGHT OF THEIR OWN COLOR WHILE ABSORBING OR SUBTRACTING OTHERS (THUS THE TERM SUBTRACTIVE COLORS). © DEREK DOEFFINGER
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IT’S INTERESTING HOW OFTEN THE PIGMENT PRIMARY COLORS ARE CHOSEN AS A DESIGN COMBINATION BY HUMANS—WE SEEM TO HAVE AN ALMOST SUBLIMINAL ATTRACTION TO THEM.
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SECONDARY HUES LIKE THE VIOLET USED TO PAINT PARTS OF THIS COLORFUL METAL SCULPTURE ARE CREATED BY MIXING TWO PRIMARY COLORS—IN THIS CASE RED AND BLUE.
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THE FAMED ROSE WINDOW IN NOTRE DAME CATHEDRAL IN PARIS IS ANOTHER EXAMPLE OF SUBTRACTIVE COLORING. SOME OF THE EARLIEST EXAMPLES OF STAINED GLASS DATE BACK TO THE ROMANS IN THE FIRST CENTURY A.D.


The same exact subtractive principle is true when it comes to transparent objects such as glass, by the way: each color of glass allows its own color to pass through while subtracting or absorbing other colors. If you’re ever stood and looked at a stained-glass window for example, each of those color panes is passing some colors to your eyes while hold back the rest. The blue bits of glass are allowing blue to pass through while holding back red and yellow; similarly the yellow pieces are allowing yellow to pass through while subtracting out the red and the blue.


Color mixing with pigment primaries works in the same way: When you add red and yellow paint together, for example, you get a shade of orange (orange is referred to as a secondary color because it’s made from two primaries) because both the red and yellow paints are allowing a mixture of their own colors to pass while each is subtracting other colors. The result is a blend of reflected colors. The three secondary colors are:




Red + Yellow = Orange


Red + Blue = Violet


Blue + Yellow = Green





These new colors can then be combined for even more colors called tertiary colors. The ultimate creative power of pigment colors comes from mixing primary, secondary and tertiary colors.


Because each of the subtractive colors absorbs the other two colors, if you mix all three colors together in equal amounts you subtract all of the light and get black (or, more likely in the real world where perfect pigments don’t exist, a muddy gray-brown).


Red, Green, & Blue—The Additive Primaries


HERE’S A GOOD MEMORY FOR THOSE OF YOU THAT ARE OLD ENOUGH (AND I AM) TO REMEMBER A CRAZE IN THE EARLY 1960S WHEN WHITE ARTIFICIAL CHRISTMAS TREES WERE ILLUMINATED WITH A LIGHT DEVICE THAT FEATURED A ROTATING DISC WITH A SERIES RED, GREEN AND BLUE PLASTIC FILTERS.


As the disc spun around slowly, the tree turned different colors and it was (or so we were led to believe) very festive and soothing to watch and it saved you all that trouble of stringing colored lights. But if you were a very clever child and decided to play with the speed control of the rotating disc, you could actually make it spin so fast that the colors blended together to form white light. What you ended up with was your white tree seemingly lit by white light.
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The reason that this clever little device worked is because red, green and blue light are the primary colors of light and they combine to create white light. And it is this theory of color blending using red, blue and green light that is the color model used in digital photography. These colors are known as the additive primary colors, in fact, because the way that they create new colors is by adding to one another rather than subtracting colors. This is the system that is used to create the colors that you see on television, scanners, computer monitors, and digital camera sensors.


If you were to take a strong magnifying glass, for example, and hold it up to your computer’s monitor, you’d see that all of the colors are made of red, green, and blue dots—the pixels that make up the color matrix of your monitor. The same is true of your television screen (and your smart phone, incidentally). And, as we’ll see later in this chapter, the RGB model is extremely similar to the physiological system that our eyes use to perceive and interpret color in the world around us.


Additive primaries combine their colors in the following ways:




Green + Blue = Cyan.


Red + Blue = Magenta


Red + Green = Yellow





These three resulting colors—cyan, magenta and yellow—are the secondary colors of the RGB color model. Based on our childhood experiences with paints it seems kind of odd to accept the fact that red and green combines to create yellow, but if you have red and green lens filters laying around, try it sometime. Just overlap the two filters on a light table or in a bright window and you’ll see the surprising result.


Stage lighting is another good example of RGB additive color mixing. If you were to just blast an actor or musician on stage with pure white light you would end up with a pale-looking performer—perhaps suitable for the ghost of Hamlet’s father, but none too flattering for this blues singer. Instead, the three primary colors of light from several sources are combined to create what appears to be white light. In reality rather they may create a mix of red and pink since those colors produce a warmer cast, but that mixture appears natural, and even inviting, to the audience.


[image: image]


REGARDLESS OF HOW SIMPLE OR COMPLEX THE COLORS IN A SCENE ARE, YOUR DIGITAL CAMERA USES A SENSOR THAT IS SENSITIVE TO JUST THREE COLORS: RED, GREEN AND BLUE TO RECORD THOSE COLORS. ALL OF THE COLORS THAT WE SEE CAN BE CREATED BY MIXING THESE THREE COLORS OF LIGHT IN VARIOUS PROPORTIONS.


[image: image]


THE WAYS THAT TV SCREENS AND COMPUTER MONITORS CREATE COLOR IS VERY SIMILAR TO THE WAY THAT YOUR CAMERA RECORDS THEM: PIXELS THAT OF THE THREE LIGHT PRIMARY COLORS ARE MIXED TO CREATE A HUGE RANGE OF COLORS. © FRANK GALLAUGHER




THE CMYK PRIMARY COLORS




As if you needed another set of primary colors to contend with, there is actually one more set of primary colors: cyan, magenta and yellow (usually used in the presence of black). As you just learned, these three colors are the secondary colors of the RGB primary model and interestingly the primary colors of the RGB model are the secondary colors of CMY. In other words, if you add yellow and magenta together you get red, if you add cyan and yellow you get green and if you add cyan and magenta you get blue. Fascinating, no?


This is another subtractive primary color group and it’s very closely related to the RYB model—and it acts in exactly the same way when it comes to color blending. In this model cyan takes the place of blue, magenta take the place of red and yellow remains the same.


The CMY model is the model that is used in all commercial printing and the reason is that cyan, magenta and yellow are much more pure hues and thus can produce exact colors more reliably than pigment primaries. A fourth color—black—is added to this group and creates a model known as CMYK (K stands for black). The reason that the black color is added is partly because using a separate black ink allows printers to create a richer more intense black, but it also because it wastes less ink (and ink is not cheap) than by combining the other three colors to create black.
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