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DISCLAIMER

IES publications are developed through the consensus standards development process approved by the American
National Standards Institute. This process brings together volunteers representing varied viewpoints and interests to
achieve consensus on lighting recommendations. While the IES administers the process and establishes policies and
procedures to promote fairness in the development of consensus, it makes no guaranty or warranty as to the accuracy
or completeness of any information published herein.

The IES disclaims liability for any injury to persons or property or other damages of any nature whatsoever, wheti =r
special, indirect, consequential or compensatory, directly or indirectly resulting from the publication, use of, or relicnce
on this document.

In issuing and making this document available, the IES is not undertaking to render professional or other servic=s for or on
behalf of any person or entity. Nor is the IES undertaking to perform any duty owed by any person or®»ntity to someone
else. Anyone using this document should rely on his or her own independent judgment or, as'canipriate, seek the
advice of a competent professional in determining the exercise of reasonable care in any given ci.cumstc nces.

The IES has no power, nor does it undertake, to police or enforce compliance witi'he ¢antents of this document.
Nor does the IES list, certify, test or inspect products, designs, or installations for compinze with this document. Any
certification or statement of compliance with the requirements of this docun=nt hall not be attributable to the IES and
is solely the responsibility of the certifier or maker of the statement.

AMERICAN NATIONAL STANDARD

Approval of an American National Stadai requires verification by ANSI that the requirements for due process,
consensus, and other criteria have bean n =t by the standards developer.

Consensus is established when, il *he iidgment of the ANSI Board of Standards Review, substantial agreement has been
reached by directly and matc fally arected interests. Substantial agreement means much more than a simple majority,
but not necessarily unas.ity. Consensus requires that all views and objections be considered, and that a concerted
effort be made toward aeir 1 'solution.

The use of America. Nationar Standards is completely voluntary; their existence does not in any respect preclude anyone,
whether tnat pe son 1ias approved the standards or not, from manufacturing, marketing, purchasing, or using products,
processes, or  rocedures not conforming to the standards.

TheAmerican National Standards Institute does not develop standards and will in no circumstances give an interpretation
tcany Ar2rican National Standard. Moreover, no person shall have the right or authority to issue and interpretation of an
Ame.‘caniational Standard in the name of the American National Standards Institute. Requests for interpretations should
beaddressed to the secretariat or sponsor whose name appears on the title page of this standard.

CAUTION NOTICE: This American National Standard may be revised at any time. The procedures of the American National
Standards Institute require that action be taken to reaffirm, revise, or withdraw this standard no later than five years from
the date of approval. Purchasers of American National Standards may receive current information on all standards by
calling or writing the American National Standards Institute.
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Lighting Science: Calculation of Light and Its Effects

The purpose of computing is insight, not numbers. 1961
The purpose of computing numbers is not yet in sight. 1997
— W. Hamming

1.1 Introduction

Predicting the performance of a proposed lighting design is an integral part of the design process, ali>wii.a the
designer to examine and compare alternatives, refine a promising idea, see whether applicable recom:~endations
and codes will be met, evaluate energy conservation and lighting control opportunities, in Hke -t-ndardized
procedures to predict glare and visibility, and perhaps generate a rendering of how a space might apy.=ar. The ability
to predict performance requires a computational infrastructure that consists of: standardiz=d ('ata that characterize
lighting equipment; a knowledge of the properties of surface and other components ot ‘he en tironment involved;
theoretical models of how light behaves; software that makes use of those models; and ¢ xmn»uter hardware on which
the software operates. However elaborate this infrastructure, its output still requii s ca =ful interpretation.

1.2 Purpose and Scope

The purpose of this Lighting Science document is to provide the theoreical basis for lighting calculations, to describe
how this theory is approximated and used, and to describe hcv it s eixZodied in most lighting analysis software.
This can provide, from a user’s perspective, an understanding of thu bower and limitations of calculations—however
performed—and thus make clear their use in the lighting des.n p ocess.

These purposes require the presentation of informatior. in tl' = following three general areas.
« The fundamental theories of light transportanin:ercction with architecture, what form—exact or approximate—
the mathematical models of these theorie’ t7«e, and how the models are in turn used in lighting software.
« The geometric, photometric, and phy_icai information that is commonly available as input into a lighting
calculation process and how the natur, limits, and uncertainties of this information affect the results.
+ The various ways of predicting iio’iting system performance by assessing and interpreting calculation results and
their comparison with anticioated or actual measured results.

In addition, this document ©vgiains IES standard calculation procedures, including lumen method coefficients of
utilization and glareas_.=2ssmenu.

. ke 1>0st technical disciplines in engineering and design, lighting had a long history of support and direction
provided by hand calculation, nomograms, and mechanical calculators.” By the middle of the 20th century these were,
0 some extent, augmented with large analog and then digital electronic computers. But the eventual widespread
availability and use of inexpensive computers running standardized operating systems has made general purpose
lighting analysis software (hereafter simply “software”) a commercially viable enterprise, and hand calculations,
however augmented, now have virtually no role in modern illuminating engineering or lighting design.
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