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The part played by the IES Lighting Handbook Committee and by its
Board of Review was most important. These men contributed their best
thinking and experience both before and after the produetion of manuseript

T h e 1St H an d boo k Bad begun, and diiring the reading of proof, in establishing the basic pol-
icies which are revealed in the completely practical character of this first

edition. Their critical appraisal and cheek of the manuseript after its prep-
aration added much to its overall utility as well as to its technical accuracy.

AHandbook Committee as overseer HANDBOOK COMMITTEE

C. A. Araerrox, Chairman J. L. KiLraTrick
. . . A. A. BramNerp H. L. MiLLer
Aindividual contributors 5 s
J. M. GuiLLory R. G. Staver
G. K. HArpAcRE, (ex officio) WALTER STURROCK

AProduced by IES editorial staff 95 Bain T et Yol . 0- Wi

BOARD OF REVIEW

D. W. Arwarer E. C. CRITTENDEN
Coxrap BERENS Warp Harnrisox

L. H. Browx P. 8. MiLrAg, Chairman
R. B. Browx, Jr. R. W, Staup

The preparation and publication of the Handbook proceeded under the
administration of the following Presidents of the Illuminating Engineering

Society:
R. B. Browx, Jr. A. F. WAkEFIELD
H. M. SuArP G. K. HArDACRE
S. B. WiLLiams R. W. Sravp

The General Office Staff took an active part in many phases of the work
under the direction of A. D. Hinckley, Handbook Business Manager and
Ezecutive Secretary of the Society. C. L. Crouch, the Society's Technical
Direclor, acted as Handbook Ednor durin; the formative stages of the
project md made many investigations upon which the plans for publication
were i
Recognizing that much remains to be learned about light and its applica-
tions, we feel, nevertheless, that this first edition will faithfully serve its
readers. It is inevitable in a book of this size that some errors and omis-
sions will be discovered. Your cooperation in calling them to our attention
will be appreciated.

Robert W. McKinley
EDITOR
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Changes in the Lighting Industry

ARapid advance of solid-state lighting

ARise of environmental influences
AEver-diminishing power allotments for lighting

Changes affecting the IES
Alncreased competition for influence and authority
ANew generation of members from different backgrounds
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Goals

ADirect IES knowledge outward

Alnfluence architectural lighting as it is practiced
AMake specific recommendations

Audience
AIES members
ABroad range of lighting practitioners

AArchitects, Planners, Designers, Engineers, Distributors,
Contractors
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Technology Content Update

ASolid-State lighting

AVisual performance and mesopic adaptation
ALighting Controls

Form and Format

ASustainable and revisable
AReferences and active interlinks
ADeliverable in several different media



@ [lluminating

ENGINEERING SOCIETY

Learning from the Past, Adjusting to the Present, and Predicting
the Future: the Form and Content of the New Lighting Handbook

A
iCd -~
7\ .



Fundamentals Section with a Tight Focus

Lighting Design Issues Gathered into a Single Section
Highlighted Presence of Daylighting and Sustainability
New llluminance Recommendations

Redefined Purpose and Intent of Application Chapters
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Three Sections:

Framework
ABackground to lighting
ASupporting information

Design

APrinciples of Lighting Design
AComponents of Lighting Design
AAn Approach to Lighting Design

Applications



Framework
APhysics and Optics of Radiant Power
AVision: Eye and Brain
APhotobiology and Nonvisual Effects of Optical Radiation
APerceptions and Performance P
AConcepts and Language of Lighting P
AColor P
ALight Source: Technical Characteristics P
ALuminaires: Forms and Optics
AMeasure of Light: Photometry

i% ACalculation of Light and its Effect



Design
ALighting Design in the Building Design Process P
AComponents of Lighting Design P
ALight Sources: Application Considerations P
ADesigning Daylighting P
ADesigning Electric Lighting P
ALighting Controls P
AEnergy Management
AEconomics
ASustainability P
i% AContract Documents P



Applications P
ALighting for Art
ALighting for Common Applications
ALighting for Courts and Correctional Facilities
ALighting for Education
ALighting for Emergency, Safety, and Security
ALighting for Exteriors
ALighting for Health Care
ALighting for Hospitality and Entertainment
ALighting for Libraries
i% ALighting for Manufacturing



Applications P
ALighting for Miscellaneous Applications
ALighting for Offices
ALighting for Residences
ALighting for Retail
ALighting for Sports and Recreation
ALighting for Transport
ALighting for Worship
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Editors Were Responsible for all Text

Topic and Sentence Outlines
AFour editors generated topic outlines for all chapters

Topic Outline Approval

A30 External experts

ARevision and rewriting outlines

AHandbook Task Force review

ABoard of Directors and TRC reviewed and approved



Topical Omissions?

Keep

Remove

Brief description of omitted topic(s), if any

Critical

Desired

4 Perceptions and Performance

4.1 Psychophysical experimentation

4.1.1 Source of data defining important factors in lighting
design

4.1.1.1 Complexity of perceptions and reactions to the visual
environment

4.1.1.2 Difficulty of establishing cause and effect

Making do with phenomenology

Limits of applicability

4.

=

.2 Psychophysical experiments

4.1.2.1 Need for careful design

4.1.2.2 Subjects: number, age, gender, and experience

4.1.2.3 Dependent and independent variables

4.1.2.4 Examples

4.

=%

.3 Data analysis

4.1.3.1 Statistics

4.1.3.2 Analysis of variance

4.1.3.3 Reliably linking cause and effect

4.1.4 Practical relevance

4.1.4.1 Characteristics that make a relationship important

Statistical significance

Size of the effect

Magnitude and direction

Reliability

Cause

Convergence

Specificity

4.1.4.2 Understanding of parameters affecting perception

4.1.4.3 Building and using models of perceptual response

4.1.5 Examples

4.1.5.1 Good experiment and its result

4.1.5.2 Poor experiment and its difficult-to-use result

IES 10" Edition Handbook Outline
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Chapter Production
AOne of 4 editors assigned as lead author
AFull access to all comments and record of changes

Writing the Chapters

AText drafting by lead author

A Editorso internal review,
AExternal expertsod review, 8
AFinal review and rewrite by lead author

AIES Board of Directors and TRC review and approval

- Development of Graphics



Reviewer’s Name

REVIEWER SUMMARY SHEET

Date:_ 26 August 2009

ISSUES REVIEWED

REVIEWER’S VERIFICATION

OK

ISSUES (Refer to specific comments on attached
page)

ADDITIONAL COMMENTS

Factual correctness

A generally well documented chapter.

Clarity of text

Noted in comments where needed.

Appropriate level of detail

Additions have been suggested m comments.
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Page 11, Fizs

Figures 2.6 and 2.7 are conflicting

Some consideration should be given to relabeling the
axes of the figures to make the ordinates consistent.

Page 12, Line 8

This assumes that vision stops at primary visual cortex.

There is significant visual processing well beyond that
which occurs in the primary visual cortex. While I
understand that it can get very complicated bevond
area 17, it is incorrect to state that this Figure 2.7
contains “all” of the components of visual processing.

Page 13, Section
234

This section needs some rewriting for clarity.

The section begins by defining receptive fields as if they
are only retinal. Then it talks about the more complex
receptive fields in the LGN and cortex. Some rewriting
to avoid this confusion would be helpful to the lay
reader.

Page 15, Section
141

Consider adding a discussion of non-uniform
adaptation

Ome of the most misunderstood aspects of vision by
lighting people is the idea that the eve has a single state
of adaptation at any time. In fact, the eye can have very
different states of adaptation across the visual field.
This becomes important when dealing with tasks that
are non-foveal or of low sparial frequency.

LH

Page 15, Section
2412

The section is unnecessarily oversimplified.

Photochemical adaptation is determined by the rares at
which pigment is bleached and regenerates. As soon as
a molecule is bleached, it immediately begins to
regenerate and it is the relative rate of bleaching vs.
regeneration that determines adaptive state. At
equilibrium, the rate of bleaching = rate of
regeneration.

This is important to understand the nature of visual
“noise” and to understand afterimages.

Page 15, Line 41

Receptor interactions

It might be useful to introduce the concept of receptor
interactions somewhere here to explain such
phenomena as rod saturation, brightness-luminance
issues, and sub- and supra-additvity.

Page 16, Line 22

Suggest changing “retinal response™ to “visual
response”

Some photopic effects are non-retinal (L.e. color)

Page 16, Section
244

It is not the photoreceptors that do not respond at low
levels, it is the ganglion cells.

Photoreceptors (even cones) respond at quite low
illuminances . It is the receptive fields that drop out
when they are too small to receive sufficient input from
their contributing cells. Larger receptive fields recruit
from a larger number of cells and can be stimulated at
low levels of illuminance. It takes only a few quanta to
stimulate a cone.

Page 16, Lines

There can be no single functon for mesopic vision. At

Mesopic Vision covers a range of adaptations,
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Formatting

APrinted Version
I Full color throughout

11270 pages

APDF Version
I Fully searchable
I 12,000+ hyperlinks
I 96 Mbytes
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15 | DESIGNING ELECTRIC LIGHTIN

vissual truth lics in the seructure of light,”

Richand Kelly - lighting designer, archirece

lectric lighting design follows the same tenets as those for daylighting design—
all outlined in 12 | COMPON 'S OF LIGHTING DE:! Although
the presentation in this handbook may imply distinct, linear, work flows,
advancing the lighting on any project involves daylighting and electric lighting
and the two must integrate and work together for best efficiencies, visual
comfort, and productiviry

reher, lighting is not isolated from other disciplines and
demands continual efforts of integration with the other building systems.

Three principal challenges in designing clectric lighting are 1) establishing the breadth
and depth of criteria outlined in Chapter 12, 2) integrating with daylighting to achieve an
efficient, unified lighting design, and 3) finalizing schemes and equipment 1o address the
criteria and integration. The presentation here is most related to development of lighting
schemes leading 1o lighting designs. What follows will help the team member serving in
the role of lighting designer establish and evaluate lighting schemes to address the vari-
ous analytic and acsthetic aspects identified in Chapter 12, This material assumes some
amount of liarity with the preceding four chapters. This chapter addresses electric
lighting for new, renovation, and restoration projects. The procedures presented here are

but several of many and will not in and of themselves lead to a complete or satisfacto

design solution, For the retrofit of lamps and ballasts, drivers, and transformers into ¢
ing luminaires or layouts, see 17.3 Lighting System Upgrades.

15.1 Electric Lighting Systems

Electric lighting systems consist of luminaires and controls. “Luminaires” broadly en-
compasses lamps, ballasts, drivers, and transformers, oprical media, and sizes and finishes.
y luminaires address some number of functional and/or aesthetic aspects very well
Familiarity with the extent of available luminaires and their characreristics is tantamount
1o success. This chapter outlines various luminaires and some of their characteristics, but
is not exhaustive, Material here attempts to be commercially neutral. To a lesser degree,
this presentation attempts to be fashion neutral, though installation photos alone identify
trends of the era of the installacion. Mockups or, in many situarions, simple reviews of
operational samples help the designer assess style, quality, and lighting effects.

M

Three fundamental lighting systems are worthy of consideration for any application, inte-
rior or exterior: ambient, task, and accent. None is superfluous, but there are situations
where a strategy using any one or two of these techniques can achieve appropriate results,

15.1.1 Fundamental Lighting Systems

Three elemental lighting effects deemed to have profound influence on people were articu-
lated mid-20" century by architectural lighting pioneer Richard Kelly. These were ambient
luminescence, focal glow, and the play of brilliants. [1] These might also be called general
background lighting, task highlighting, and sparkle or dazzle. These are distinguished today
as three fundamental lighting systems: ambient lighting; rask lighting; and accenr lighting.

IES 10th Edition

Contents

5.1 Electric Lighting Systems . . 15.1

5.2 Alighting Scheme . . . 1520
53 Modelling. . . . . . . 1523
S54Llayouts. . . . . . . . 1527
55References . . . . . . 1530

fmblent lighting, as used here, Is a system that
froduces a general background of light. This as-
umes that the effect is a uniform illuminance on
he planes of the tasks. Depending on the tech
iques used and reflectances of wall and ceiling
Panes, an overall relatively uniform room or area
Jrightness may result.

ask lighting, as used here, is a system that pro-
uces fight localized to specific areas or zones on
hich the task or tasks are located. Depending
jn the techniques used, highlighting of the tasks
psults.

iccent lighting, as used here, Is a system that
jroduces light to draw attention to designed or
frogrammed features, objects, and details. This
hight address, but is not limited to 2- and 3-di
hensional artwork, displays, decorative materials
Ind finishes such as glass, metal, wood, stone,
nd leather, and architectural dimensional ele-
pents such as coves and niches. With some tech.
iques, the luminaires alone serve as decorative
cents.

The lighting Handbook | 15.1
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15 | DESIGNING ELECTRIC LIGHTING

. visseal truth lies in the sructure of light.”

Richand Kelly - lighting designer, archirect

lectric lighting design follows the same tenets as those for daylighting design—
all oudined in 12 | COMPONENTS OF LIGHTING DESIGN. Although
the presentation in this handbook may imply distinct, linear, work flows,
advancing the lighting on any project involves daylighting and electric lighting
and the two must integrate and work together for best efficiencies, visual
comfort, and productiviry. Further, lighting is not isolated from other disciplines and
! d al efforts of i with the other building systems.

Three principal challenges in designing clectric lighting are 1) establishing the breadth

and depth of criteria outlined in Chapter 12, 2) integrating with daylighting to achieve an
efficient, unified lighting design, and 3) finalizing schemes and equipment 1o address the
criteria and integration. The presentation here is most related to development of lighting
schemes leading 1o lighting designs. What follows will help the team member serving i
the role of lighting designer establish and evaluate lighting schemes to address the yafi-
ous analytic and acsthetic aspects identified in Chapter 12, This material assumgrSome

design solution, For the retrofit of lamps and ballasts, drivers, an
ing luminaires or layouts, see 17.3 Lighting System Upgrades.
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installation. Mockups or, in many situations, simple reviews of
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whére a strategy using any one or two of these techniques can achieve appropriate results,

15.1.1 Fundamental Lighting Systems

Three elemental lighting effects deemed to have profound influence on people were articu-
lated mid-20* cenury by architectural lighting pioneer Richard Kelly. These were ambient
luminescence, focal glow, and the play of brilliants. [1] These might also be called general
background lighting, task highlighting, and sparkle or dazzle. These are distinguished today
as three fundamental lighting systems: ambient lighting; rask lighting; and accenr lighting.

IES 10th Edition

Contents

15.1 Electric Lighting Systems .
15.2 A Lighting Scheme
15.3 Modelling.
15.4 Layouts.

15.5 References

Amblent lighting, as used here, Is a system that
produces a general background of light. This as-
sumes that the effect is a uniform illuminance on
the planes of the tasks. Depending on the tech
niques used and reflectances of wall and ceiling
planes, an overall relatively uniform room or area
brightness may result.

Task lighting, as used here, is a system that pro-
duces light localized to specific areas or zones on
which the task or tasks are located. Depending
on the techniques used, highlighting of the tasks
results,

Accent lighting, as used here, Is a system that
produces light to draw attention to designed or
programmed features, objects, and details. This
might address, but is not limited to 2- and 3-di-
mensional artwork, displays, decorative materials
and finishes such as glass, metal, wood, stone,
and leather, and architectural dimensional ele-
ments such as coves and niches, With some tech
niques, the luminaires alone serve as decorative
accents.

The lighting Handbook | 15.1
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1ESH/10e Sustainability Resources
> 139.2.1 Sustainability
« for more on lamps
> 19| SUSTAINABILITY
« for more on energy
« for more on earth resources
« far mare on recycling
« for mare on Life Cycle Analysis
« for more on fighting design
> 1931 Sustainabllity and Energy Benefits
« for more on controls

15,18 | The tighting Handbook

Design | Designing Electric Lighting

15.1.2.6 Sustainability
Arguably, the most sustainable solution might be doing nothi onstruction work
whatsoever. This generally isn't an accef T clients and/or users secking new or
restored settings for 7 vetted before deciding some construction effort was neces-
Tsions are made to pursuc new or restoration projects, a number of methods
can yield more sustainable lighting:

1. Daylighting and its integration with electric lighting—Use daylighting as primary
source.

2. Deniled programming—Know the need and design accordingly.

3. Freeze designs at design milestones—Settle parameters related to lighting layouts that
are specific to function, architectural and interior design aspects, and energy modeling.
4. Overall lighting efficiency—Select efficient lamps and luminaires within the classes or
families best suited for the application.

5. Component longevity—Select longest-life lamps and luminaires within the classes or
families best suited for the zpplic:u'mm

6. Recydability of lighting equip and Select equip
of mwl:d materials and that is prepped to be mcl«l atend of its use,

that consists

7. Proximity of qualified vendors to the project site—Select vendors of the classes or
families best suited for the application that are closest 1 the project site.

8. Extensive and d and manual controls—A lighting ding to
daylight availability, time of use, and occupancy.

9. Reduce lighting’s impact on the greater night m\lmnmﬂu—Emplw strategics o
limit night-lighting effects. Table 15.6 identifies some operati gies that can
improve lighting’s outdoor environmental regard.

10. Make the project eminently livable or workable—Make the most of the energies
expended in manufacturing, p g, installing, and of g the lighting: provide a
complete and well-executed design. See 19 | SUSTAINABILITY.

15.1.2.7 Warranties

With the exp ial growth of el i in lighting equig the rigors
of controllability, and the array of solid state Inghl sources now available, warranties may
more significantly influence equipment selection and application. For conventional
luminaires, lamps, and their ballases or fi with el | or vacuum
and gas-discharge comp ies may be or express or implied and
should be confirmed. Typical coverage ranges from 1 to 3 years. Coverage may include the
physical hardware and the labor 1o replace it or may simply include the physical hardware
or may provide for some fixed amount of compensation.

Similar warranties may be available for solid state equipment. Here, efforts to rapidly ex-
pand use of LEDs in particular by the U.S. EPA and DOE have pressed vendors of solid
state luminaires to offer at least 3-year warranties for electrical parts, [6] 5-year warranties
now appear regularly on LED lighting equipment. On these and warranties for conven-
tional lighting equipment, confirm the following:

1. Periods of coverage—This may vary and could be from date of manufacture or date
of purchase or date of installation.

2. Extent of coverage—This may vary, including the time duration of the coverage
and which costs, if any, are covered such as hardware and labor.

3. Caveats—Many of which may be unstated and require inquiry. For example, solid
state products are sensitive to heat and, depending on the extent of vendor testing and
development of qualified hear sinks, the product warranty coverage may be limired o
specific ambient temperatures.

IES 10th Edition
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oy the Poynri

y these vectors is determinec ormed by

The energy ransported

ector

the in the direction

ctor cross product of the electric and magnetic vectors and so pe

n which the electric and magnetic r's magnitude

propagate. The Poynting Vec

eing tr n be considered as 2

sported optical ray. This ray, the

electric and magnetic vectors, and their waves, are shown in Figure 1.2

The clectric and magnetic vectors, E and H, are described by

E and H = the maximum amplitude of the vectors

i of light

A = distance between successive complete reversals in polarity, w

t = time

The Poynting Vector, P, or optical ray is described by

Figure 1.1 | Propagating and Oscillating Electric and
Magnetic Vectors

Figure 1.2 | Electr gnetic Radiation and the Poynting
Vector
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Figure 14.17 | Sidelighting: South-facing Window Studies
Clear Sky: T,;,=0.035 Diffuse; Overcast: T,;,=0.50

Glazing is clear-vision glass with a low-transmission diffusing overlay to
approximate fabric shading when direct sunlight glare is problematic
In all examples, clear-sky (yellow) and overcast sky (black) illuminance
distributions are shown for March 21 at solar noon. Room reflectances
are 50, (celling/walls/floor)

Clear Sky: T,;,=0.50; Overcast: T,;,=0.50

Glazing Is clear-vision glass. An opaque overhang helps 1o avoid direct
sunlight glare at higher solar profile angles and the need to apply
shading during many daylight hours. The March 21st clear sky condi-
tion with no shade (only a sliver of sunlight can be seen on the floor)
produces significantly higher daylight levels than the condition above,
which requires shading. Under overcast ski r, daylight levels
are reduced due

e

a the limited view of the sky.

: Tyis=0.50; Overcast: T,;,=0.50

ear-vision glass. A louvered overhang ts introduced to

address direct sunlight glare, Performance with these louvers is very

similar to that of a solid overhang

-~

14.26 | The lighting Handbock

Design | Designing Daylighting

»

Figure 14.18 | Sidelighting: South-facing Light Shelf Study
Interior Shelf, Clear:T,;,=0.65/0.04 (upper/lower window); Over-
cast: T,;,=0.65/0.50; Py, = 0.80

Glazing is clear-vision glass. Unde

lear sky conditions, a translucent

(diffusing) shade covers the lower window to block direct sunlight
Both a clear sky (yellow) and overcast sky (black) #luminance distribu-

{ceiling/walls/Moor).

Exterior Shelf. Clear Sky: T;,=0.08/0.50; Overcast: T,,,=0.65/0.50;

on glass. An opaque overhang Is Introduced to ad-
Translucent shades are applied to the upper

Exterior and Interior Shelf, Clear Sky: T, =0.65/0.50; Overcast:
Tyi5=0.65/0.50; P 01 = 0.60/0.80 (exterior/interior)

Glazing is clear-vision glass. An opaque averhang is introduced on both
sides of the window to address direct sunlight glare. Interior illumi-
nance under clear skie ed under clear skies, but
is reduced under overcast skies due to sky obstruction,

s significantly Imprc
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Figure 32.2 | Office Electricity Use

Based on 2003 data from the US DOE's
Energy Information Administration, lighting
accounts for 39% of electricity use in office
buildings (electricity use for Cooking rounds
to 0%). Office buildings themselves account
for about 20% of electricity use by all
commercial and institutional buildings.

pants, functions, and tasks (see Table 11.2 | Programming: Inventory Scope and Specific

xamples and Table 12.3 | Sample Visual Task Survey). Otherwise, lighting cannot be
Examples and Table 12.3 | Sample Visual Task Survey). Otl lighting th
best targeted to the users, their expectations, functions and tasks.

Space type definitions are required early in the project design in order to track design
efforts that include inventorying the project knowns, anticipated functions, and tasks and
calculating lighting, power, and energy compliance. Room names and department names
in large open areas from which functions can be deduced, and numbers for tracking
should be clearly marked on architectural backgrounds. The applications and tasks cited
in Table 32.2 | Office Facilities Illuminance Recommendations should be reviewed against
the project knowns and correlated with the named space types and functions to establish
recommended illuminance criteria. Seek clarification with the client where discrepancies
occur between programming information, the list of room names, and the available ap-
plication and rtask citations in Table 32.2.

The following sections are keyed to the major application and task headings in Table 32.2.
These discussions, those highlighted in Table 32.1, and material in Table 32.2 offer com-

prehensive qualitative and quantitative criteria.

32.2.1 Accenting

Accenting affects people’s brightness perceptions and provides v15ual relief. Accenting is also
used for visual attraction and wayfinding. Default accent lighsi

22 | LIGHTING FOR COMMON APPLICATIONYCAlso see 15. l I 3 Accent Lighting,

32.2.2 Administration

Administrative functions on many projects typically include circulation, conferencing,
counseling, lounges. filing or records, interviewing, lobbies, mail sorting, and officing.
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1 | PHYSICS AND OPTICS OF RADIANT POWER

For the rest of my life I want to reflect on what light is.
Albert Einstein 1916

nyone dealing with lighting profits greatly from a basic understanding of
the physics of light. Even if only qualitative, such an understanding makes
clear how light stimulates the visual system and ultimately produces per-
ceptions, how light interacts with materials to provide for its own control
and distribution by luminaires, how light makes materials luminous and
participates in the generation of color perceptions, how light is produced by electric light

sources, and why light from the sun and sky can greatly enhance the quality of an interior
environment.

Contents

1.1 Optical Radiation
1.2 Working Models of Optical
Radjation

1.3 Properties of Optical Radiation 1.4

1.1

1.3

1.4 Production of Optical Radiation 1.6

1.5 Optics for Lighting .
1.6 References .

. 1.18
. 1.29
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2 | VISION: EYE AND BRAIN

The eye is the window to the world. Contents

th
Lael Wertenbaker, 207 Century Author 2.1 Ocular Anatomy and Function 2.1

2.2 Optics of thekye . . . . . 27
he most complex of the senses, vision is pethaps the most important mecha- 2.3 Visual System above the Eye . 2.10
nism we have for apprehending the world. Vision results from the interaction
of eye and brain, and from vision come perceptions, and from perceptions we
build our individual worlds, always largely affected by the luminous environ-
ment. An understanding of this process guides the design of that environ- o .
ment, and to consider the eye and brain as a unity is the best way to understand the biologi- 2.6 Consequences for Lighting Design
cal machinery that provides vision [1]. 2.18
2.7 References. . . . . . . . 222

2.4 Vision and the State of Adaptation
2.12
25ColorVision . . . . . . . 214

The eye contains components that work together to produce an image of the external
world on a layer of photoreceptive cells in the retina at the back of the eye. This layer
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3 | PHOTOBIOLOGY AND NONVISUAL EFFECTS OF OPTICAL

RADIATION

Lethargics are to be laid in the light and exposed to the rays of the sun, for the disease is gloom and
sunlight the cure.

Avretaeus of Cappadocia, 100 AD. Celebrated Greek physician

ptical radiation is a critical component for the growth and regulation of

most organisms. Photosynthesis in plants and the generation of Vitamin

D in humans are examples of long-known and well understood ways in

which optical radiation is essential to the proper functioning of biological

systems. In these two examples, the tissue of leaf and skin is the receptive
entity and the site of the photobiological mechanism. Optical radiation has long been
used in medicine to treat and prevent disease. All of these are examples of the nonvisual
effects of oprical radiation; that is, none involve the visual system. But relatively recent
discoveries have made clear the very complex way in which optical radiation entering the
eye not only initiates vision, but also governs daily rhythms in animals and humans. This
link between oprical radiation, endocrine systems, sleep cycles, and mood make it clear
that the design of lighting systems will begin to account for these important effects. This
chapter provides information about these developments and photobiology as they relate
to the built environment.

Contents

3.1 Overview . . . . . . . . 31

3.2 Nonvisual Response to Optical
Radiation . . . . . . . . 33

3.3 Effects of Optical Radiation on the

BVE: wimna w w 5 & w o sy B9
3.4 Effects of Optical Radiation on the

Skin . . . . . . . . . .310
3.5 Phototherapy. . . . . . . 3.13
3.6 Germicidal UV Radiation. . . 3.16
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