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INTRODUCTION

An Historical Sketch of Lighting

The electric filament lamp, invented by Edison in
1879, revolutionized man's way of life. Prior to his dis-
covery, man was forced to light his environment by natural
sources of light or by kerosene and oil lamps. In 1910,
Dr. William Coolidge improved upon Edison's carbon filament
lamp and produced the tungsten filament lamp, still in use
today with only minor modifications. 1In 1931, Langmuir
discovered that by filling the tungsten lamp with inert
gas, he could double the efficiency of the incandescent
lamp. Other modifications, such as inside frosting and
coiled filaments, further improved the incandescent lamp

(General Electric, Incandescent Lamps, 1962, p. 3). 1In

1938, the fluorescent lamp came into being, and since that
time has undergone significant advances (General Electric,

Fluorescent Lamps, 1965, p. 3).

The Need for the Study of
Lighting Interiors

Lighting for contract and residential design has
been sadly neglected by interior designers in the past. It

has been the experience of this investigator in practice,



as well as in discussion with other practicing interior
designers and educators, that there is a definite and
urgent need for the study of lighting design.

In order to fulfill this need, a compilation such as
the one described herein, can serve as a guide for future
course planning or as a basis for a course syllabus. It
is the purpose of this paper to create for the student
and/or instructor of Interior Design, a compilation of
known requirements concerning the physical principles and

properties of lighting design for interiors.



CHAPTER I

GENERAL PROBLEMS, PRINCIPLES, AND

OBJECTIVES OF LIGHTING

Definitions of General Lighting Terms

In order to gain an understanding of specific

lighting concepts, it is necessary at this point, to define

certain lighting terms. These terms are divided into three

groups: (1) the measurement of light, (2) visual terms,

and (3) lighting equipment.

1.

The measurement of light.--

Lumen:

Candela: "the unit of luminous intensity of a

light source in a specified direction.

"a unit for the light-producing power
of a light source . . . the rate at
which light falls on a one square foot
area surface which is equally distant
one-foot from a source whose intensity
is one candela.

Footcandle: "Density of light striking each

and every point on a segment of the
inside surface of an imaginary one-
foot radius sphere with a l-candle-
power source at the center" (General
Electric, Light; Measurement and Con-
trol, p. 5).

Footlambert: the quantitative unit for measur-

ing the brightness of a surface; "If
a surface held one-foot from a candle
appears perfectly white and diffuse,
its brightness is one footlambert"
(Interiors, 1950, p. 118).

3



Brightness: the degree of apparent lightness
on a surface.

Visual terms.--Kaufman (1966, p. 3-7) defines
visual terms in the following ways:

Visual field: "the locus of objects or points
in space which can be perceived
when the head and eyes are kept
fixed.

Visual task: "those details and objects which
must be seen for the performance
of a given activity, including the
immediate background of the details
or objects.

Visual surround: "all the portions of the
visual field except the visual
task.

Glare: "the sensation produced by bright-
nesses within the visual field
that are sufficiently greater than
the luminance to which the eyes are
adapted to cause annoyance, dis-
comfort, or loss in visual per-
formance and visibility."

Lighting equipment.--

Luminaire: a total lighting unit which in-
cludes the source of artificial
light and the fixture housing the
source.

Lamp : "a generic term for a man-made
source of light . . . (a lighting
unit consisting of a lamp with
shade, reflector, enclosing globe,
housing or other accessories is
also called a 'lamp.' 1In such
cases, in order to distinguish be-
tween the assembled unit and the
light source within it, the latter
is often called a 'bulb' or 'tube'
if it is electrically powered.)"
(Ibid.).

Bulb: a layman's term for lamp; also the
varied glass, shaped enclosure of
a lamp which keeps air out and
filling gas in.




The General Problem

I. Considerations Pertinent to the
Analysis and Solution of Most
Interior Lighting Design

Problems

Light, the subject of this paper, obviously is a
necessity if we are to see the world around us. Without
some kind of light we could not see form, line, color, or
texture. The ways in which light are used by the interior
designer, architect, or lighting designer, determine whether
or not our visual, aesthetic, emotional, and spatial needs
are met. In the past, light, especially daylight, was used
"to give form to planes, curved surfaces, and structural
design" (Ibid., p. 10-2). At the start of the twentieth
century, attempts to use artificial light as a structural
element were begun (Kohler and Luckhardt, 1959, p. 117).
Today, on a much broader basis, artificial light is used
for the same purposes. The availability of the many differ-
ent types of light sources, luminaires, light control de-
~vices, and lighting equipment has made it possible to use
an almost unlimited range of lighting treatments to create
a desired effect. 1In all aspects, the art of lighting is
influenced by the individual interpretation of the interior
designer, the architect, and the lighting designer (Kauf-

man, p. 10-2).



A. Function of the structure.--The application of

lighting is greatly influenced by the function of the
structure. The application techniques designated for com-
mercial or industrial lighting have developed around light-
ing solutions for the differing types of visual tasks
generally encountered in each type of building. Each
technique is a combination of engineering theory, applied
experience, and acceptance on the part of the consumer of
the type of application for a particular field. Kaufman
(p. 10-2) states:
. « « Because these include more than an objective
assessment of engineering considerations, it is neces-
sary to relate the design of a lighting installation
to the particular occupancy of the space it is to
serve.
Commercial and residential applications differ
in that:

The near-uniformity of light distribution employed
in schools and offices is usually incompatible with
the intent of most residential interiors. . . . The
tastes and varying eyesight demands of the individual
family necessitate various lighting effects (IES
Committee on Residence Lighting, 1953, p. 133).

Commercial or industrial lighting further differs

from residential lighting in that " . . . In the home . . .
light is used chiefly to create a mood--not to the ex-

clusion of other considerations, but predominately" (Kohler
and Luckhardt, p. 133). The visual task, however, is con-

sidered of primary importance in a building, regardless of

the function of the building.



B. Lighting systems.--Illuminating engineers have

classified lighting systems as: (1) "the general type of
lighting produced," and (2) "the general layout of lumi-

naires" (Kaufman, p. 10-2). The Illuminating Engineering
Society (IES) has grouped generically the general type of

light produced as: (1) general, (2) local, (3) localized

general, and (4) supplementary.1

C. Luminaires.--Luminaires have been classified

on the basis of light distribution. They are direct, semi-

direct, general diffuse, semi-indirect, and indirect

(Ibid.).

D. The selection of light sources.--The selection

of light sources, their luminaire characteristics, and the
layout system "are closely interrelated in an application
technique" (Ibid.). Local conditions, such as temperature,
dust and dirt, or color will greatly influence the selection
of the light source, how it is applied, operated, and its
output and maintenance.2 Economics becomes the deciding

factor where various light sources are equally applicable

(Ibid.).

E. The initial and operating costs.--The initial

Aand operating costs are of primary concern in any lighting

System design. The costs must be balanced against the

——

lSee Chapter II. 2See Chapter 1IV.



results, and the designer must rely upon his personal
experience and the experience of others in the solution of
comparable problems if there is any such experience avail-
able (Ibid., p. 10-3). Kohler and Luckhardt (p. 133).
feel that " . . . All good lighting must provide for the
needs of vision, satisfy hygenic requirements, meet aes-
thetic standards, and achieve a good spatial impression
and do all this economically."

II. General Statements Concerning
Interior Lighting Design Problems

The eye, like the rest of the body, dislikes strain
and welcomes ease. Comfortable lighting makes it easy
to see what you are doing and where you are going. It
brings out all the beauty in the rooms you live in--
shows up the subtlest colors, the textures, the forms,
so that you can enjoy them at any hour (House and
Garden, 1967, pp. 110-11).

To the interior designer, lighting may be con-
sidered an art. To the illuminating engineer, lighting is
considered a science. 1In reality, it is both of these, and
both concepts must be employed in the design of lighting
systems if the system is to meet the needs of those for

whom it is being designed. Kaufman (p. 10-1) supports
this idea with his statement:

The art and science of modern interior lighting
design is broader in scope than it is often thought
to be. 1In general, it involves several factors:
light and vision, the visual response of the eye under
varying light and environmental conditions. Others
relate to the production, control, and distribution
of electric light. And still others relate to the
enclosure itself, or building structure, including
size, shape, color, and related decorative consider-
ations. :



Whiton, in Elements of Interior Design and Decor-

ation (1965), states the general problem to be one of
practical and aesthetic considerations, although he natur-
ally emphasizes the aesthetic more than does Kaufman when
Whiton (p. 679) states:
. « « The planning of artificial lighting presents a
problem that requires both practical and esthetic
considerations. The average room needs light for
general illumination and special lights for particular
areas or activities. The lighting equipment and fix-
tures must be consistent with the style of decorations,
must contribute to the desired character and atmosphere,
and must be adequate for the purpose of the room.

The psychological and physiological implications of

lighting must not be neglected.l Kohler and Luckhardt

(p. 117) state:
« « « Just as every artist must learn to handle the
tools of his craft correctly, so he who would build in
light, would use light superlatively as a building
block, must know the virtues of light, the physio-
logical and psychological effects connected with light
in order to master them.

This writer firmly believes that the interior de-
signer should and must strike a balance between being able
to apply the science of lighting and the art of lighting.
Because progress is being made so rapidly in the lighting
field, it is the responsibility of the interior design stu-
dent as well as the practicing interior designer to keep
Abreast of the new developments and apply this knowledge in

the best ways possible. Kaufman (p. 10-2) supports this

—

1See paper by Judith Orr, Michigan State University,
1969, for the psychological and emotional effects of
lighting.
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with his statement that designers must have " . . . a
competent knowledge of the principles of light control and
of the lighting tools and devices which are available for

the problem involved."

The Principles of Good Lighting

I. The Aims of Good Lighting

The Illuminating Engineering Society (IES Code,
1961, p. 1) states three aims of good lighting. They are:
(1) to "promote work and other activities carried on," (2)
to "create, in conjunction with the structure, a pleasing
environment conducive to interest and a sense of well-
being," and (3) to "promote the safety of the people using
the building."

To support the IES aim of safety, the Committee on
Residence Lighting (p. 7) has elucidated on this point for
residential use. They believe that all lighting and the
switches that control the lighting, must be strategically
Placed in order to insure positive and rapid seeing from
one room to another. This is particularly true at danger
locations such as stairs, medicine cabinets, and equipment

with moving parts--from kitchen appliances to electric
razors. The Committee also suggests for convenience, as
well as safety, the use of low-wattage night lights in

bathrooms, bedrooms, halls, and at the top of stairs.
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II. The Realization of the
Aims of Good Lighting

Equally applicable to commercial or industrial
lighting and to home lighting, these aims must be realized

in a variety of ways spelled out below (IES Code, p. 1).

A. Planning brightness and color patterns.--Care-

ful planning of the brightness and color patternsl in the
work or task area and the surrounding area is essential be-
cause attention must be drawn naturally to the important
areas, detail must be seen quickly and accurately, and the

room should be free from gloom and monotony.

B. Directional lighting.--Directional lighting

should be used where it is appropriate to assist in seeing
detail and to give good modeling of objects, such as art

objects, paintings, etc.

C. Glare.--Glare, reflected or direct, must be
controlled in order to eliminate any visual discomfort.
The degree of glare from a direct view of a light source
depends on the brightness and area of the source, its
Position, and the average brightness of the room back-

ground. Reflected glare is caused by polished or glossy
Surxr faces and can be reduced by rearranging the position of

the 1light source out of the angle of vision, by reducing

1See Chapter III.
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surface brightness of the source, and by increasing the

lightness of the immediate background to the task (Ibid.,

p. 6).

D. Flicker.--Flicker results when discharge lamps

operate on alternating current and their light output

varies in each cycle. One will find this annoying flicker
often in tubular fluorescent lamps. It may be overcome by
fitting opaque shields over the lampends, or by screening

the ends from direct view (Ibid., p. 7).

E. Correlating lighting throughout an area.--

Correlating lighting throughout an area is necessary in
order to prevent excessive brightness differences between

adjacent areas as well as for safety precautions.

F. 1Installing emergency lighting systems.--

Installing emergency lighting systems is a preventative
measure against injury in case of a power failure to the

regular lighting system.

G. Maintaining lighting installations.--Maintain-

ing lighting installations is all-important to a lighting
System to increase the life of the lamp and increase the
efficiency level of the lamp. The IES (Ibid., p. 10)
feels that:
e« « « Unless both the structure of a building and the
lighting equipment are well maintained, the aims of
good lighting will in time be defeated; the lighting,

natural or artificial, will no longer fulfill its pur-
Pose adequately, the cost of providing useful light
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will increase, and the appearance of the building will
deteriorate. . . . Films of dust and dirt deposit on
all room surfaces and the consequent depreciation in
reflection factors affects the level of illumination in
the room.

Unless the luminaire and the room surfaces are main-
tained, both factors will increase lamp inefficiency and
decrease the life of an expensive and necessary item in the
home. Luminaires of all types, also, are a natural attrac-
tion to bugs, dust, and dirt. If the luminaires are not

cleaned regularly, the output efficiency of the luminaire

is reduced greatly.

H. Lighting output efficiency.--Lighting output

efficiency "of artificial lighting equipment decreases
progressively with time from three causes:" (Ibid., p. 11)
1. A gradual fall in light output of the lamps.
2. A decrease in the efficiency of fittings
caused by dust or other deposits on reflecting
or transmitting surfaces.
3. The permanent discoloration of reflecting or
transmitting surfaces caused by corrosion
(apparent in some atmospheres), by age, or by
radiation (Ibid., p. 28).

The Environmental Objectives of
Residence Lighting

Unlike some commercial or industrial lighting
SYstems, residence lighting has no set systems of lighting

foxr most areas. Any visual task performed by an individual
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may take place in any room. Therefore, lighting of the
individual task areas is usually considered first by the
designer. These areas are then tied together with some
form of general or environmental lighting system. "This
'tying-together' process is important in achieving a com-
fortable visual environment" (Kaufman, p. 15-1). As
stated earlier in the chapter, there are four things that
must be considered in supplying a pleasing lighting en-
vironment, and those things for which all good lighting
must provide. They are:

1. Supplying the needs of vision. In supplying

the needs of vision, the designer must con-

sider the "seeing zones" (Ibid.) and luminance

ratios in these zones. The three "seeing

zones" are:

a. Zone l--the task itself, which demands
local lighting.

b. Zone 2--the area immediately surrounding
the task.

C. Zone 3--the general surroundings.

Kaufman (p. 15-1) states:

In the immediate surround . . . , luminances that
are noticeably greater than the task luminance or which
are less than 1/10 the task luminance contribute to
visual discomfort and are apt to be distracting. The
luminance of substantial areas in the general surround
should not exceed ten times the task luminance or be
much less than 1/10 as bright. . . . These luminance

relationships become more important as illumination
levels increase and as duration of tasks is lengthened.
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The IES takes this approach to luminance ratios
(Ibid., p. 10-1):

The general approach to low luminance ratios over
an entire visual field is to limit the luminance of the
luminaires and fenestration, and to build up the lumi-
nance of all other interior surfaces (ceiling, walls,
trim, floor, work surfaces, and equipment) by suitable
reflectances, textures, and distribution of light.

The balance of illumination in the
visual field can be accomplished by reducing
high luminances at window areas and luminaires
by shielding and by low-transmission shading
materials; by balancing large areas of room
surfaces using favorable finishes;1 and by
providing additional lighting in the visual

surround (Ibid., p. 15-1).

2. Supply a hygenic lighting system. Research has

indicated that adverse effects may result from
less than optimum lighting. The National
Technical Conference of the IES reported in
1966 (p. 6) that:
« « « Long exposure to less than optimum lighting con-
ditions can affect the health and accelerate the aging
process of people, and day by day can unfavorably
affect their attitude to their work and their physio-
logical efficiency.
In relation to daylight factors and

hygiene, Kohler and Luckhardt (p. 129) stress

the importance that German school doctors,

v 1See Table 1, "Reflectances and Approximate Munsell
@l ues for Interior Surfaces of Residences."
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hygienists, and governmental agencies placed

on lighting in school rooms. They state:
« « « school doctors early questioned whether the
lighting in school rooms by day was adequate for read-
ing and writing. Soon thereafter, hygienists began
studying what supply of light should be provided in
living quarters, and certain government agencies also
turned their attention to these problems and sought to
solve them by regulation.

Kohler and Luckhardt (p. 130) also go
on to discuss the legislative provisions that
were made over 160 years ago by Prussian pro-
vincial common law demanding that the tenant,
"if he steps to a closed window in the lowest
story, may see the sky." This was inspired by
the sense that "it is one of the rights of man
to have the space in which he dwells arranged
so that he can feel well and keep well; it is
a rule of hygiene" (Ibid.).

Unfortunately this code was dropped in
modern times when air conditioning and artifi-
cial light began to influence people so that
their need to see and move to daylight was no
longer necessary. Kohler and Luckhardt, how-
ever, point out that we have conveniently
forgotten about the un-air-conditioned tene-
ments of most cities with their sad and un-

hygienic surroundings, and feel that such a

requirement as the Prussians made so many years
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ago is still very appropriate and needed in our

Meeting aesthetic standards. Meeting aesthetic

standards should not be neglected by the de-
signer of the lighting system. By virtue of
their education, experience in dealing with
aesthetics, and natural love of beauty, in-
terior designers should be the most aware of
these standards of lighting and seek to attain
them at all times.1

Achieving good spatial relationships. Well-

planned, designed lighting systems can achieve

good spatial relationships within a specified

own day.
3.
4.

area.2
1

See Chapter 1V, also, for discussion of aesthetic

design factors in structural, portable, and accessory

lighting.

2See Chapter III, quality and quantity of light.



CHAPTER II
LIGHT CONTROL

PART ONE: PRINCIPLES OF LIGHT CONTROL,
LIGHTING METHODS, AND MODES
' OF DISTRIBUTION

The Physical Principles of Light

Light, which is that portion of radiant energy
which reacts upon the eye to produce the sense of sight,
may be controlled in the following ways: (1) reflection,
(2) refraction, (3) transmission, (4) polarization, (5)
diffusion, and (6) absorption. These physical principles

of light control will be discussed in detail.

I. Reflection

Kaufman (p. 6-1) defines reflection as "the process
by which a part of the light falling on a medium leaves
that medium from the incident side." Reflection is divided
into four types: (1) specular, (2) spread, (3) diffuse,
and (4) compound. We shall look at each type of reflection

separately (see Figure 1, page 19).

A. Specular reflection.--The surface is of a

polished medium, as in polished or electroplated metals

18
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20

(copper or gold), silvered glass, or plastic mirrors (see

Figures 2 and 3, page 19).

B. Spread reflection.--The surface is figured in

some way such as corrugated, deeply etched, or hammered.
Any rays that are reflected from such surfaces are spread.
Depolished metals, brushed or pebbled surfaces "consist of
small specular surfaces in irregular planes" (Ibid., p.

6-2) (see Figure 4, page 21).

C. Diffuse reflection.--The surfaces are rough or

"composed of minute crystals of pigment particles" (Ibid.,
p. 6-2). Flat paints and other matte surfaces or finishes
exhibit very little light direction control. These sur-
faces are used when a wide distribution of light is desired

(see Figure 5, page 21).

D. Compound reflection.--Many compound materials,

such as embossed aluminum or semi-gloss paint, exhibit a
combination of specular, spread, and diffuse reflections

(see Figures 6, 7, and 8, page 22).

E. Basic reflector contours.--There are three

common reflector contours which control the light being
emitted at the source. They are: (1) parabolic, (2)
elliptical, and (3) circular or spherical (see Figures 9,

10, and 11, page 23).
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Figure 6.--Compound--Diffuse and Specular

Figure 7.--Compound-- Figure 8.--Compound--
Diffuse and Spread Specular and Spread
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Figure 9.--Parabolic Reflector
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Figure 10.--Elliptical Figure l1ll.--Circular or
Reflector Spherical Reflector
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II. Refraction

Kaufman explains refraction in this manner:

A change in the velocity of light occurs when a ray
leaves one material and enters another of greater or
less optical density. . . . Except when light enters
at an angle normal [perpendicular] to the surface of
a medium of different density, the change in speed
always is accompanied by a bending of the light from
its original path at the point of entrance (Ibid.,
pP. 6-2). (See Figures 12 and 13.)

This kind of phenomenon is apparent when we view
at an angle a straw or pencil in a glass of water, and the
object appears to bend at the surface of the water. Prisms
and lenses, either convex or concave lenses, are used as

refractors as well.

III. Transmission

Materials used in the transmission of light may be
glass, plastics, textiles, crystals, etc. Transmission is
achieved in four ways: (1) direct, (2) spread, (3) dif-

fuse, and (4) mixed.

A. Direct transmission.--The direction and charac-

teristics of the light beam sent through clear glass or
plastics are not changed appreciably (see Figure 14, page

26).

B. Spread transmission.--Spread transmission

occurs when a beam of light is sent through a lightly dif-
fusing medium, such as frosted glass. Spread transmission

is used for brightness control, where sparkle and brillance
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is desired, and in enclosed globes of moderate uniform

brightness (see Figure 15, page 26).

C. Diffuse transmission.--Diffuse transmission

occurs when light is sent through a dense medium. Light
is then scattered in all directions. Examples of these
mediums would be white, opal, and prismatic glassware

(General Electric, Light Measurement and Control, pp. 21-

22) (see Figure 16, page 26).

D. Mixed transmission.--Mixed transmission permits

regular transmission of certain colors while it diffuses

others. Opal glass is an example (Kaufman, pp. 6-8, 6-9).

IV. Polarization

Polarization, a relatively new discovery, is ex-
plained by the General Electric Company in the following
statement:

Ordinarily, light rays are considered to vibrate in

all directions perpendicular to the direction of travel
of the light. Light rays can be modified by polari-
zation so that the vibrations are predominately in one
plane. This polarization of the direction of vibration
can be caused by a variety of transmitting or reflect-
ing media. The sky, water surfaces and certain cry-
stals such as tourmaline are examples of polarizing
media in nature. Special polarizing plastic materials,
transparent materials which have been internally
stressed, and multi-layers of glass or plastic are
examples of man-made polarizing materials (General
Electric, Light Measurement and Control, p. 26).
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V. Diffusion

Diffusion may be defined as "the breaking up of a
beam of light and the spreading of its rays in many

directions" (Kaufman, p. 3-9).

VI. Absorption

Absorption "occurs when a light beam passes through

a transparent or translucent medium or meets a dense body.
. « « Practically all colored objects owe their color to
selective absorption in some part of the visible spectrum"
(Ibid., p. 3-9). General Electric states that the most im-
portant use of absorption in the controlling of light is in
producing colored light from white light sources:

. « « A selective-color filter is placed between the

white light source and the surface which is to receive

colored light. This filter absorbs parts of the

spectrum, and allows other parts to be transmitted

(General Electric, Light Measurement and Control,
p. 25).

Lighting Methods

I. General Classification

Kaufman and others divide the general or generic

lighting systems into three classifications:

A. General.--General lighting is that lighting

which is at "an approximate uniform level of illumi-
nation . . . over an entire area" (Kaufman, p. 10-3), as

in diffused ceiling fixtures over a large office area.
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B. Localized general lighting.--Localized general

lighting is that lighting which is "a functional arrange-
ment of luminaires with respect to the visual task" (Ibid.,

p. 10-3), as in hanging fixtures over a work bench area.

C. Local or specific lighting.--Local or specific

lighting may be described as a system which "provides
lighting only over a relatively small area by the task and
its immediate surround" (Kaufman, p. 10-3), such as a desk

or piano lamp.

D. Supplementary light.l

II. Directing Light

There are three ways in which light may be directed
onto a surface or object. This is not to be confused with
the above general classifications of lighting systems, or
the methods of distribution which are to follow this
section. Light can be directed from the luminaire or lamp

in three ways:

A. Uplighting.--Uplighting is that light directed

perpendicular onto a surface above the fixture, such as a

ceiling.

B. Downlighting.--Downlighting is light that is

directed downward from the fixture onto the surface directly

1See Chapter 1V, Structural, Portable, and
Accessory Lighting.
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below it, usually the floor. A wall or theatrical curtain
may be down-lighted as well because an overall wash is

given to the surface.

C. Projecting illumination.--Projecting illumi-

nation is directing light horizontally or diagonally to a

certain surface or object one wishes to illuminate.

Methods or Modes of Light Distribution

The methods or modes of light distribution are
specifically divided into five groups which are described
and drawn in the chart in "Basic Modes of Lighting," Appen-
dix A. These modes of light distribution are defined by
Kohler and Luckhardt (p. 136) as "the several fundamental
ways of using light in a room for illuminating purposes"
(Kohler and Luckhardt, p. 136). They go on to describe
lamps as being the artifacts which embody the sources of
light, while "fixtures control the light of lamps for light
purposes" (Ibid.). They feel it is the nature of this con-

trol that determines the mode of lighting.

PART TWO: DESCRIPTIONS, FUNCTIONS, AND
MATERIALS USED IN LIGHT CONTROL

In order that the reader may gain some awareness
of the materials used in light control, their descriptions,
and their functions, the writer has prepared this infor-
mation in outline form. A detailed description of this

information may be found in IES Lighting Handbook, 1966

(Kaufman, ed.), pages 6-13 through 6-20.
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A. Materials Used in Light Control

1.

Glass
a) Types
(1) pressed
(2) blown
(3) rolled
(4) drawn
b) Use in Lighting
(1) control of light and other radiant energy
(2) protection of light sources
(3) safety
(4) decoration
(5) diffuse light
Plastics
a) Types
(1) thermosetting
(2) thermoplastic
b) Uses--Chart "Uses in Lighting of Important Resins"
Steel
a) Types
(1) hot-rolled
(2) cold-rolled
(3) porcelain enamel sheet
b) Uses in lighting
(1) structural capacity
(2) bars and rods in lighting equipment
c) Finishes
(1) galvanized sheet
(2) pre-painted sheet
(3) aluminum sheet
(4) plastic-coated sheet
(5) pre-plated sheets
(a) chrome
(b) brass
(c) copper
Aluminum
a) Types
(1) shapes
(2) sheets
b) Uses in Lighting
(1) structural parts
(2) light controlling surfaces
(a) reflectors
(b) louvers
(c) baffles
(d) decorative surfaces
c) Finishes
Stainless Steel
a) Types
(1) straight chrome group
(2) chrome-nickel group
(3) chrome-nickel-manganese group
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b) Uses in Lighting

(1) outdoor installations
(2) reflectors
(3) lighting equipment hardware

6. Copper
a) Uses

(1) conductors
(2) control of electrical energy used for lighting

7. Non-ferrous Alloys
a) Types and Uses

(1) brass used for decorative purposes
(2) bronze used for marine equipment

B. Finishes Used in Luminaires
l. Finishes Defined
2. Types

a)

b)

c)

d)
e)

Organic coatings

(1) laquer for decoration and protection

(2) enamel for decoration and protection and
reflectance

(3) baking laquer (baked clear) for decoration
and protection

(4) plastic dispersion for corrosion and abrasion
resistence and concealing defects

Ceramic coatings--porcelain enamels fired on glass

and metals

(1) for corrosion resistence

(2) good reflectance

(3) easy maintenance

(4) reducing brightness and increasing diffusion

Metalic coatings

(1) electroplating

(2) brass

(3) silver

(4) dip and spray coatings

Laminates

Chemical conversion coatings



CHAPTER III

TYPES OF LIGHT: QUANTITY AND QUALITY

Natural Light

I. Definition of
Natural Light

Natural light may be defined as that light which

is produced and/or emitted by a natural light source.

II. Sources of
Natural Light

The most obvious sources of natural light are the
sun and moon. The less obvious perhaps, but as much a
part of natural light are the sky and the ground. Whereas
the sun and the moon are considered direct sources of
natural light, the sky and the ground are usually referred
to as transmitting and reflecting sources, respectively.
The sun directs its light rays through particles in the
atmosphere which function as transmitters of the sun's
rays. In contrast, light rays are reflected from the
ground and may account for as much as 10 to 15 per cent
of the total daylight reaching a window area (Kaufman,

p. 7-1).

33
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III. Availability and Variability
of Natural Light

The availability and variability of natural light
is in a constant state of flux. One notices these changes
especially during the daylight hours. Daily and seasonal
motions of the sun cause variations in the amount, di-
rection, and intensity of light. Kohler and Luckhardt
(p. 130) state:

. « o Daylight lighting is subjected by nature to
continual quantitative and qualitative change, alter-
ing its intensity and mood with the time of day and
with the seasons. . . .

In the early morning hours, just before dawn, "the
sky distributes light like fluorescent tubes, shadowless
and even" (Interiors, 1952, p. 92). Upon the rising of
the sun, "it is satisfying incandescent, a point source of
light that creates form-giving shadow and movement to the
earth" (Ibid.). 1In the evening as the sun sets, an even
brightness is once again spread against the earth. It is
this ability of daylight to change that gives it "its first
appeal" (Interiors, 1950, p. 118). The IES (IES Code,
1961, p. 35) supports this viewpoint when they state:

" . . . One of the characteristics of daylight which gives
it this appeal is the constant change both in quality and
quantity creating interest and avoiding monotony."

The local terrain, landscaping, and nearby buildings
will greatly affect available light by creating shadows,

and partially or completely blocking the direct rays of

light. 1In addition, the degree of cloudiness in the sky
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and rapid changes in cloud movement will affect the amount,

color, and distribution of light rays falling on a surface.

IV. Control of Natural Light

In order for natural light to be controlled and
used as a design medium, Kohler and Luckhardt (p. 130) feel
it is appropriate to recognize the reality of daylight
illuminating engineering. They state:

. « « daylight, which might well be called the primary
sustenance of life, has had only passing attention from
engineering science as its value in human living and
working space . . . intensive and extensive research

on daylighting is going forward on every hand, so that
we can properly speak of "daylight illuminating engi-
neering," that is owing to [due to] the lighting tech-
nicians, who have recognized that the system originally
set up for measuring and evaluating artificial light
can be applied to daylight as well.

The need for natural daylight has been recognized
in most modern provisions of law which "require that rooms
intended for continual human occupancy must receive natural
daylight" (Ibid.). This provision applies to continual
human occupancy in a residence only, not a business estab-
lishment which is not occupied continuously.

To use natural light to its fullest and best ad-
vantage, and to cause the least amount of discomfort to
inhabitants of a building, natural light must be controlled.
Listed below are five suggested ways of controlling natural
light that the interior designer might find especially
helpful. They are:

1. By the use of fabric at window areas--opaque,

semi-opaque, or translucent fabrics in lined
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draperies, casements, and sheer draperies or
curtains.

2. By the use of glass--translucent, diffused,
or colored.

3. By taking advantage of natural architectural
features of the building itself, such as roof
overhangs or decorative grill work.

4., By the use of opaque materials--roller shades,
Venetian blinds, wooden or plastic blinds,
shutters.

5. By the use of shields or exterior awnings.

6. By the use of landscaping and other natural
terrain.,

The IES (IES Code, 1961, p. 35) has found that most
people prefer working in buildings that have good daylight-
ing, and "the importance placed on this is shown by the way
in which sites are usually planned to make the best use of
available natural light."

The IES (Ibid.) goes on to suggest that there are
two types of interiors that must be considered in daylight
design and control: (1) one interior in which inhabitants
are able to move freely to the daylight, such as in the
home, and (2) one interior in which the same or similar
kinds of work are carried on over the entire area, such as
in offices or factories. In the former, the main problem
is to locate windows in relation to the function or purpose

of the room. 1In the latter, the problem is to provide
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"well-located pools of light with no unduly dark zones"
(Ibid., p. 35). The lighting designer must make it
possible for occupants to receive the correct amount of
light from the right direction causing the least eye dis-

comfort from sky glare.

Artificial Light

I. Definition of
Artificial Light

Artificial light may be defined as that light which
is produced and/or emitted by a man-made or artificial

source.

II. Sources of Arti-
ficial Light

The most common examples of artificial light
sources are the incandescent and fluorescent lights. Less
common sources are high intensity discharge lamps--mercury
vapor, Multi-Vapor,1 and Lucalox.2 Because the high-
intensity discharge lamps are more commonly used as ex-
terior lighting and in industrial settings, they will not

be discussed in any detail here.3

lGeneral Electric's trade name for a high ef-
ficiency vapor lamp.

2General Electric's trade name for the highest
efficiency vapor lamp.

3More information may be obtained on the high-
intensity discharge lamps from General Electric's pamphlet,
High Intensity Discharge Lamps, #TP-109, Large Lamp
Department Publication, General Electric Company, Nela
Park, Cleveland, Ohio 44112.
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III. Efficiency of
Artificial Lightl

The greatest efficiency in terms of a long lamp
life or quantity of output must sometimes be sacrificed for
a shorter lamp life and better quality of output or color
rendition. Depending upon the needs of the individual or
group of individuals for whom the lighting is being de-
signed, these conflicting factors in efficiency play a
significant role in determining the lamp specifications.

IV. Artificial Light as a
Structural Element

Artificial light as a structural element in the
lighting of interiors may be considered in two ways: (1)
as an element of design, such as line or shape, which
affects form, color, and texture; and (2) as a physical
light source built into the room as a part of its finished
structure.2 At this point, we are concerned with light as
an element of design, and how this ultimately affects
people and objects in a particular space. The Residential
Lighting Conference (General Electric, 1967, p. 1) states:

« « « The emphasis now is on the environmental aspects
of lighting--its effect on texture and color--its

emotional impact on people--the way lighting defines
planes and spaces.

lSee also Chapter I.

2See Chapter 1V, Structural Lighting.
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V. Kinds of Artificial Light

The kinds of artificial light most commonly used
in residential and contract interiors are incandescent and

fluorescent.

A. Incandescent light.--Since the invention of the

first electric filament lamp by Edison in 1879, the in-
candescent lamp, even though not the most efficient, has
been a popular source of artificial light--it accounts for
60 per cent of the United States dollars spent for large
lamps. Why is this so? Incandescent light is flexible,
and is the least expensive in terms of initial equipment

investment (General Electric, Incandescent Lamps, p. 3).

(See Appendix B, "Incandescent Lamp Shapes.")

The glass bulb of an incandescent lamp keeps the
air out while keeping the filling gas in. The bulb may be
clear, frosted inside, coated with a diffusing material,
or silvered or aluminized inside.

Incandescent lamps are designated by a two-part
abbreviation. The first part, a letter, indicates the
shape of the bulb, such as "F" for flame shape, "P" for
pear shape, etc. The second part of the abbreviation, a
number, indicates the maximum diameter of the bulb in
eighths of an inch. An "R-40" designation is an example
of a reflector bulb with a maximum diameter of five inches

(Ibid., p. 10).
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The incandescent lamp is normally classified into
three major groups:

1. The large lamp group which operates on thirty
volts or more. The interior designer and home-
maker are most familiar with these shapes (see
Appendix B).

2. The miniature group which operates on less than
thirty volts. These lamps may be used in auto-
mobiles, aircraft, flashlights, or as Christmas
tree lights.

3. The photographic group, used for taking photos
and supplying projection service.

The IES states that the primary consideration of
lamp design for the incandescent lamp is that it "will pro-
duce the spectral radiation desired most economically for
the application intended or . . . obtain the best balance
of overall lighting cost in terms of the lighting results"
(Kaufman, p. 8-1). In a similar vein, Whiton (p. 681)
feels that the incandescent lamp is best designed for his-
torical settings, spot lighting effects, and portable
lamps, even though it is not as adaptable or versatile as
fluorescent light.

Because incandescent light is considered a more
concentrated and small, high brightness source, it is
suggested that adequate shielding, directional control,
and/or the use of diffusing materials be used. It is the

experience of this writer that where these provisions are
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not taken into consideration, uncomfortable conditions,
such as heat and glare emitted by the source, are

present.l

B. Fluorescent Light.--Fluorescence is defined as

"the property of a material to become self-luminous when
acted upon by radiant energy, such as ultra-violet or X-

rays" (General Electric, Fluorescent Lamps, p. 6).

The fluorescent lamp, which was developed for
practical use in 1938 by General Electric, has undergone
numerous changes and improvements since that time. One of
the remarkable improvements in light and lamp life that has
been made since 1950 is a 41 per cent increase in initial
light output while increasing lamp life as well. There
are available on the market today several standard sizes
ranging from six to ninety-six inches in length, various
shapes, and consuming from 4 to 215 watts (Ibid., p. 3).

There are several million fluorescent lamps which
are used annually in industrial, institutional, commercial,
and residential settings. In the past decade more than
50 per cent of the electric light used in the United States
was fluorescent. It has gained its popularity in this
nation for four reasons:

1. It is a highly efficient light producer result-

ing in lower lighting costs.

1See Incandescent Lamps, by General Electric's
Large Lamp Department for specifications.
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2. It is very easy to maintain and possesses a
long lamp life.

3. It has a much lower heat content for visual
and thermal comfort than does incandescent and
has a relatively low surface brightness.

4. It comes in a variety of sizes, shapes, and
colors.

The most obvious distinguishing feature of fluores-
cent light is that it is a "line of light." This feature
allows it to emit its light in a diffuse manner rather than
in the directional or concentrated manner of incandescent
light. For this reason, fluorescent light is suggested
for areas that demand an even distribution of shadowless
light, and where low contrast and little or no glare is
desired. Examples of areas that demand this type of 1light
are offices, school rooms, and industrial task centers.

This "line of light" is most commonly a straight
line, but fluorescent light is not limited to this one
shape. It is limited only by the fact that it must have
two points between which an arc of energy must pass in
order to ignite its gases thus producing fluorescence.

The fluorescent lamp is currently available in circles,
U-shapes, panels, and a special energy distribution shape,

Power-Groove (General Electric, Fluorescent Lamps, p. 11)

(see Appendix C for "Shapes of Fluorescent Tubes).
Another important feature of fluorescent light is

that it is available in seven different achromatic levels
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of white light and eight chromatic levels. It is also
available in special energy distributions such as the Power-
Groove. (The Power-Groove is used mostly in industrial
settings where a higher output of light is needed. General
Electric does not foresee its usage, for the present, in
residential settings.)

In selecting fluorescent luminaires, Westinghouse

(Fluorescent Lighting, p. 20) suggests that to use it to

its best advantage, the luminaire should be chosen on the
basis of its particular character<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>