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Introduction


“A common man marvels at uncommon things; a wise man marvels at the commonplace.”


CONFUCIUS


Light surrounds us every day; it is the epitome of “commonplace,” and this familiarity can prevent us seeing its wonder. It affects our sleep patterns and working hours, our alertness and health. Yet the power and importance of light are often overlooked by those who shape our built environment. Hopefully, this book will encourage readers to marvel at the commonplace and so help them produce great architecture.


The word “vision” has grown beyond its Latin roots (from the word videre meaning “to see”). “Vision” now includes all that can be imagined and dreamt. But it still also defines the act of seeing—and it is light that makes the world visible, and light that allows us to make sense of our surroundings. Despite this, the importance of light in architecture is often underestimated. Great architecture and interior design thrill the senses, but consider how little of our built environment is experienced in any way other than through our sense of sight. Without light, interior architecture simply cannot be fully experienced; it is invisible to us. However, light can influence much more than just our visual experience of architecture.


Light reveals color and three-dimensional form, while directional plays of light expose the texture of surfaces and materials. These elements are so integral to the appreciation of space that without the carefully considered and appropriate application of light, interior design can never be truly great.


Light has the power to influence the mood and atmosphere of space. Altering the patterns of light, shade, and color can make the users feel relaxed or alert; warm and comfortable; cold and uneasy. Light and color can be used to make users feel stimulated or subdued. Skillful use of light allows us to imbue interior designs with the sensations and emotions we want users to experience.


Given the importance of light and color within interior design, it is surprising how often lighting seems accidental and extraneous. Light is intangible and immaterial, which seems to imply that it is also uncontrollable, but interior design is fundamentally about the manipulation of space—another immaterial property.


As with architecture and interior design, lighting design is neither an art nor a science, but a synthesis of both. It is a subject that is often clouded by technical terms, complex physics, and mathematics. But at its core lies a simple truth: we were all born with an innate appreciation of light and color, and all our favorite built environments draw deeply from that well of experience.
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Musée de l’Orangerie, Paris. Lighting by Anne Bureau Concepteur Lumière. Careful lighting design was integral to the success of this gallery conversion.









About this book


This book is an introduction to the subject of architectural lighting design. It intends to explore the aesthetic and emotional capabilities of well-designed lighting without obscuring the subject behind science and mathematical formulas. Dramatic and visually stunning projects are illustrated throughout, but this is not just a picture book. The work of some of the world’s leading lighting design practices is analyzed in detail to explore some fundamental principles of this field.


The book is divided into two parts. The first part, Theory, explains the physical properties of light and its physical and psychological effects on humans. It outlines elements of natural and artificial light, including a discussion of types of luminaire and control systems. The second part, Process and Practice, first covers practical lighting principles, good design for human needs, and how to light surfaces and spaces. It then focuses on the practicalities of presentation for clients and others: how to record lighting systems, and communication from initial sketches and test models through to providing specifications for contractors and the allimportant on-site finalization. All these elements are crucial in realizing a successful lighting design project.
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Copenhagen Opera House interior, lighting by Speirs and Major Associates. Good lighting design not only enhances occupants’ experience of an interior space, but can also, as in this case, help visitors move through a space.
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Copenhagen Opera House. A good designer will also consider how lighting affects a building’s exterior.
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PART I THEORY




1. THE PHYSICS OF LIGHT


2. HUMAN FACTORS


3. NATURAL LIGHT


4. ELECTRIC LIGHT







1. The physics of light


Light elicits both physical and emotional reactions from human beings. We have a “human” response to light. But in objective and scientific terms, what is light? Even in the objective world of the scientist, light is often confusing and contradictory. The nature of light has been a subject of philosophical and scientific inquiry for centuries. Man has been trying to identify it since the time before mathematics and physics.


Despite thousands of years of human inquiry, remarkably little was understood about light beyond its basic observable features before the eighteenth century. It was observed that light travels in a straight line; that polished surfaces such as mirrors reflect light; and that crossing beams of light do not interfere with each other. It was not until Sir Isaac Newton published Opticks: A Treatise on the Reflections, Refractions, Inflections and Colours of Light in 1704 that the true nature of white light was widely understood.


However, the greatest leap in the understanding of light was achieved in the nineteenth century by the physicist James Clerk Maxwell. His 1864 work entitled A Dynamic Theory of the Electro-Magnetic Field established the fundamental truth of light: that light is energy.


As Albert Einstein observed, “The work of James Clerk Maxwell changed the world forever.” Einstein had no doubts about the importance of Clerk Maxwell’s work to his own; he described the physicist’s work as, “the most profound and the most fruitful that physics has experienced since the time of Newton.”1 For a medium that governs so much of our lives, two remarkably simple questions can demonstrate how little most of us know about the nature of light: “What is light?” and “What is color?”


1 “James Clerk Maxwell” in Encyclopædia Britannica, 2010, Encyclopædia Britannica Online, 4 May, 2010,
http://www.britannica.com/EBchecked/topic/370621/James-Clerk-Maxwell


[image: image]


Industrial lasers can concentrate vast amounts of light into a very small area, creating enough energy to cut through sheet steel.


What is light?


Light, as we have said, is energy. It is part of the electromagnetic spectrum that includes radio waves, microwaves, X-rays, infrared, and ultraviolet. These are all forms of electromagnetic radiation, the difference being in the wavelength (and therefore energy level) of the radiation. Visible light is simply that: visible energy. It is electromagnetic energy in a range that our visual system is sensitive to and that gives us the sensation of sight. In contrast, although infrared radiation is also electromagnetic radiation, our eyes are not sensitive to it. We get no sensation of sight from infrared; instead, we perceive it as heat.


As light is a form of energy it obeys physical laws that apply to energy, including the laws of thermodynamics. The first law of thermodynamics states that energy cannot be created or destroyed; it can only be transformed from one kind of energy into another. Light can be produced with heat, where an object becomes so hot that it radiates energy as light. Light can be produced by the transformation of chemical energy. Visible light can also be produced by the transformation of other kinds of electromagnetic energy, such as ultraviolet or microwave energy.


There is evidence all around us of the energy embodied in light. Solar cells transform the energy in visible light to electrical energy; industrial laser cutters are used to cut intricate patterns in everything from delicate paper to the toughest steel plates. But the most ubiquitous transformation of light energy is found among plants. Plants use the power of visible light to convert carbon dioxide and water into food (a process called photosynthesis). The human visual system converts light energy entering the eyes into chemical energy that is used to communicate the information received by the eye to the brain.
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Visible light is just a small part of the spectrum of electromagnetic radiation, which includes X-rays, microwaves, and radio waves. Radiation with wavelengths between about 380 and 750 nm is the only part of the spectrum that we perceive as light. Infrared energy is experienced as heat.




TIP OPAQUE MATERIALS


Despite frequent misuse, the term “opaque” only has one meaning; opaque materials are not transparent and cannot be seen through—they pass no light. When most people say “opaque” they actually mean “translucent”. A translucent material, such as etched glass or tracing paper, does not permit clear vision, but does allow some light through—it is semitransparent. Therefore, it is essential when speaking about light to use this terminology correctly and to question others closely to determine what they actually mean. After all, a truly opaque window is rather pointless, but frosted or etched glass has many uses.





The physical properties of light—what designers need to know


Although this book is about designing with light, and is not a physics textbook, we need to understand some basic properties of light before we can use it effectively in the built environment. The more we understand about the physical properties of light, the easier it becomes to use it creatively.


The most basic property of light is that it travels in straight lines if it does not encounter other materials. Also, a beam of light is invisible to us unless it strikes materials such as a solid surface or dust; it becomes visible when it hits something that reflects some light toward our eyes. Materials that we would describe as white or light-colored appear so because they reflect more light than dark ones. (However, it is not simply the quantity of light we put into a space that makes it seem bright. It is the reflective properties of the surfaces in that space. A black-painted room will always appear dark, no matter how much light we put into it.)


Polished surfaces produce specular reflections. Specular means “like a mirror,” and a good specular reflection will not distort the beam of light. This enables us to have mirrors that give us an image of ourselves as others see us. Specular reflectors maintain the integrity of a beam of light, and light striking the reflector at an angle will be reflected at an equal and opposite angle. If we shine a torch at a mirror, we have to look at the mirror from the correct angle to see the reflection of the torch beam.


Very matte surfaces produce diffuse reflections. A perfectly diffuse reflector will reflect light equally from all angles. A sheet of plain white printing paper is close to being a perfectly diffuse reflector. The light beam is disrupted when it hits the surface of a diffuse reflector and light hitting the surface at an angle loses any direction in the reflection. Whatever direction we see the sheet from, it appears to be equally bright.


A common misconception is that shiny surfaces reflect more light than matte ones. This is not necessarily true; the difference lies in the direction in which the surface reflects the light. The mirror could appear dark when viewed from a position where the light source cannot be seen, while if the white paper is lit by a torch it appears equally bright wherever we view it from.


Light travels in a straight line, but when it moves from one transparent medium to another its path can be bent. This process is called refraction and happens when light passes between materials of different optical density (measured as the refractive index). A shaped glass lens will bend light traveling from the air through the glass to bring it to a focus at some point beyond the lens.




REFLECTION


It is the interaction between light and surfaces that defines our visual impression of materials, objects, and spaces. Without light, surfaces remain unseen, and without a surface to interrupt a beam of light, the light itself remains unseen. A simple change of wall covering or the addition of a mirror or glazed painting can dramatically alter the lit appearance of a space. An understanding and consideration of reflection is therefore an essential component of any lighting design.
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1


A standard glass mirror is a good approximation for a perfect reflector Following the laws of reflection, a beam of light hitting the mirror at an angle will be reflected back at the equal and opposite angle. This is a specular reflection.
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2


White paper only produces a soft reflection. Although the light hits the surface at an angle, the reflection has no direction. The light is reflected pretty equally in all directions. This is a diffuse reflection.
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3


Polished aluminum can produce specular reflections like a mirror. If the polish is not perfect or the surface is not absolutely flat, reflected image will be imperfect.
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4


A nonpolished reflective surface, such as (unpolished) mill finish aluminum, is halfway between a perfect reflector and a diffuser. The resulting soft, diffuse reflection can still have a real direction to the beam. This is described as a semispecular reflector.
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5


A glazed ceramic tile produces a diffused reflection from its white pigment and a specular reflection from the glaze. In this image, the light hitting the ceramic tile has produced a soft glow over the ground plane as well as a distinct reflected line on the right of the picture. The bright angled line on the left of the tile is a reflection of the incoming beam of light on the ground.
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6


Whether it is polished or matte, a colored surface will impart some of its color to the reflected light. The beam of light that hits the orange wall is white, but the reflected light on the floor is tinted with the color of the wall.







MIRRORS


Although lenses are used in many types of lighting equipment, the majority of luminaires use reflectors to control the direction and spread of light from a source. Most reflectors are made from polished aluminum or mirror-coated plastic. Flat, perfectly mirrored surfaces are rarely used because they require great accuracy in the positioning of a light source. Instead, combinations of curved mirrors and textured surfaces are used to produce a more even spread of light. Nonperfect reflectors are favored because they allow greater tolerance in the positioning of a light source and so produce less variation between different luminaires.
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1


This curved Mylar sheet has a mirrorlike finish. The curve means the incoming, parallel beams of light hit the reflective surface at different angles and this produces the pattern of reflection. Here the parallel beams of light are entering from the lower left of the picture and are being reflected to meet at a point in front of the curved reflector—the focus of the curve. It is easy to see that, with a light source placed at the focus point, a parallel beam of light would be produced by this reflector shape.
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2


Lighting reflectors are often made from materials that are not perfectly flat mirrors. This aluminum sample has a mirrored finish, but it is also highly textured. This produces a specular reflection but the patterning introduces some variation to this, which widens the spread of light and also introduces some sparkle where light is reflected toward the viewer. Textured materials such as this are often used in luminaire reflectors to “soften” light from very intense sources.







TRANSPARENCY


Light can pass through various materials, and these are described as being transparent. With most such materials we tend to think that all light passes through, and indeed a physical definition of transparency is that heat or electromagnetic radiation can pass through without distortion. However, even window glass interferes with light, only transmitting a proportion of the light striking it and completely blocking parts of the nonvisible spectrum. Nevertheless, transparent materials are an essential feature of our built environment; to design with light you must understand how it interacts with these materials.
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1


A transparent material can never pass 100% of the light that hits it. The polished surface of this piece of thin acrylic sheet reflects some of this light. Normal window glass typically transmits a maximum of around 80% of the visible light that reaches it.
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2


The more acute the angle of the incoming light, the more light will be reflected. In this example a sheet of glass is set at a very acute angle to the beam of white light. Most of this light is reflected by the glass, resulting in a significantly darker line of transmitted light.
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3


At some point the incident angle of the light becomes so shallow that no light can pass straight through the transparent material and all the light is reflected. Where the light is directed at a very shallow angle into the edge of a transparent material such as this sheet of glass, the light is reflected by the inside surfaces and bounces along the length of the sheet to emerge at the other end. In this case, the light is distorted by imperfections in the surface of the glass. It has also taken on a green tint after traveling through the equivalent of a 6 in-thick piece of glass.
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4


This acrylic rod interrupts the green beam of light and, through internal reflection, the light is transported along the rod to emerge at the other end.
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5


Fiber-optic cables are designed to redirect light by the process of total internal reflection. Rather than using one large rod, fiber-optic cables are usually made from a number of smaller strands. This gives them great flexibility and allows them to be bent into tight curves without losing light. This small bunch of plastic fiber optics captures some of the light from the green, blue, and red beams of light and transports it along the whole length of the strand to emerge at the other end. Fiber optics for lighting are very good at transmitting visible light, but poor at transmitting infrared (heat). This feature allows a hot light source to be separated from heat-sensitive materials that are to be illuminated.







FILTERS AND LENSES


Many materials transmit more light than they reflect. We tend to call most such materials “transparent,” but transparent materials still filter transmitted light to some degree. Window glass tints light with a very subtle green tinge. The thicker the glass, the more it will tint the light. Other materials impart strong colors, diffuse light, or otherwise alter beams of light in some way. Designers can harness these material properties to control the color and spread of light within their designs.
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1


Clear transparent materials allow light to pass through without significantly altering the color or spread of the light.
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2


The term “opaque” is often misused, but it has only one meaning. Opaque materials prevent any light passing through. This image shows an opaque card interrupting the beams of light and casting a shadow onto the wall beyond.
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3


Translucent materials like frosted glass, tracing paper, or the theatrical filter used in this image allow light to pass through but diffuse the beam. Different materials diffuse the beam to different extents; this theatrical diffusion filter produces beams that are very indistinct at any significant distance beyond the filter.
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4


This theatrical filter is a light frost and, like a lightly etched piece of glass, it softens the beams of light a little but the beams remain distinct. This level of diffusion is not suitable for creating a light box or backlit panel, because the lamps would be clearly visible.
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5


Colored transparent materials allow light of certain colors to pass through, while blocking other colors. This theatrical filter allows red light to pass through. The green, red, and white beams all have some red light in them, so this passes through while the other colors are absorbed by the filter. The blue light contains no red, so no light passes through the filter.
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6


This green-colored filter absorbs all the colors apart from green. The red light here contains very little green light and therefore appears very dim compared to the other colors.


[image: image]


7


While the green, blue, and white light beams all contain some blue light, the red beam has no blue light and is greatly darkened by the blue-colored filter. A very small amount of light is visible in the red beam, but this is largely because the filter material is not a perfect blue and is not a good block to the infrared part of the spectrum. This allows a little bit of visible red light through, which mixes with the general wash of blue to make a dim purple band where the red line should be.


[image: image]


8


This sample of frosted glass does not completely diffuse the light, but it produces a very soft-edged beam of light on the wall behind. This kind of diffusion filter is designed to soften the beam of a narrow spotlight.
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9


This transparent convex lens bends the light to an equal extent in all directions, creating a circular beam of light.


[image: image]


10


This cylindrical acrylic rod acts like a twodimensional lens. Light is refracted by the lens, but only in one plane. The white beam of light has been spread horizontally but not vertically by the lens.
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11


This glass filter is transparent but is cut into a fluted shape on one side. Acting like a set of cylindrical lenses, this filter spreads the light in one plane creating an elliptical beam of light. This kind of lens is often used to spread the light of a circular spotlight to effectively illuminate tall objects in museum displays; hence it is commonly known as a sculpture lens or simply as a spread lens.
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Diagram illustrating how the investigations illustrated on these pages were achieved using a digital projector.







REFRACTION


Light travels in a straight line, but when it passes obliquely through transparent materials of different densities it can be deflected. The extent of the deflection is determined by the density of the elements through which the light passes (such as glass and air) and the angle at which the light meets the surface of the transparent material. This process of refraction allows our eyes to bend the light passing through our pupils so that it is focused on the retina at the rear of the eye. Refraction also allows us to create lenses that bend and deflect beams of light in such devices as DVD players, telescopes, and projectors.
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1


This glass of water refracts the focused beam of light, spreading it out into a blurred pattern on the surfaces beyond. The amount of refraction is affected by the angle at which the light hits the surface of the object. The varying curves on the glass bend the light to different extents.
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2


At this angle the acrylic prism produces both reflected and refracted images. Some of the light reflects off the polished surface and hits the rear wall on the left. Some of the light enters the prism and is refracted so that it comes out at a different angle and hits the rear wall on the right. Lenses work by refraction—bending the light to give the light beam a new direction.
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3


The refraction process actually bends the different wavelengths of light by different extents. In this image, the line of white light is separated by the prism to show its component colors.







SHADOWS


It is often overlooked, but designing a lighting scheme also means designing the location and depth of shadows. Lighting design is not about eliminating shadows, rather making best use of them. A great deal of information about the light in a space can be inferred by the nature of a shadow: the number of light sources, their locations, the direction in which they focus their light, their relative intensities, and their distance from an object. Shadows are a vital clue that our visual system uses to interpret the three-dimensional shape and texture of objects in our field of view.
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1


A diffuse light source close to these perforated patterns barely casts a shadow. The star pattern is about halfway between the light source and the wall beyond.
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2


Move the light source a little farther away and shadows begin to appear. The sharpness of a shadow is proportional to distance, so the relative distances between light source, pattern, and the surface beyond affect the quality of the shadow. Notice that the pattern closest to the rear wall casts the clearest shadow—the distance from light source to pattern is much greater than from pattern to wall.
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3


Move the light source even farther back and he shadows become more distinct.
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4


Even with a very diffused light source, a sharp shadow can be created if the distance between the source and the object is many times greater than the distance from the object to the surface beyond. In this case, the distance ratio for the star pattern is about 10:1.
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