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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: Measurement of Light - The Science of Photometry

When you can measure what you are

speaking about, and express it in numbers,

you know something about it.

- Lord Kelvin 1883, engineer and mathematical physicist

1.1 Introduction

Lighting is anchored to meaningful visual phenomena
by way of the definition of light it adopts: the joining of
radiant power, a physical quantity, with visual response,
a psychophysical quantity. The utility of the definition
allows light to be measured and calculated; that is, light
has the aspects of quantity that permit the engineering
activities of measurement and prediction by calculation.
This analytic aspect of light and lighting allows
successful experience to be recorded and become
quantity recommendations for other lighting projects,
allows lighting equipment to be characterized in ways
useful to designers, and allows predictions of likely
outcomes of proposed lighting designs.

Optical radiation generally refers to all radiation that can
be measured using certain techniques and equipmant
(mirrors, lenses, filters, diffraction gratings, pii=m:).
Thus, visible, ultraviolet (UV), and infrared (IR) raziation
are collectively considered as optical radiaticn.

The measurement of optical radiaticn, - alleu radiometry,
is the science of measuring radia it ¢, 'ar.ities and is part
of the general science of me=2surcment, metrology.

Photometry, a special branch of radiometry, is the
measurement of ra-liaticn accounting for human visual
response. The Intcrnaconal Commission on lllumination
(CIE) define. a “standard observer” in part by the
photo,yic ieminous efficiency function of wavelength,
V(A). The 'efini ion of this standard observer quantifies
thiz visu 2! response and defines the spectral response
wat pnotometric measurement equipment needs to
exhibit.!

This standard observer response curve is used as a
weighting function applied to the spectral power
distribution (SPD) of the optical radiation being

Sidebar: A Historical Note

Photometry is a word first used by Johann Heinrich
Lambert as the title to his 1760 Latin treatise on the mea-
surement of light. He coined it by combining the Greek
words for light (pwo) and measure (uetov). Lambert'’s

word soon found its way into European languages.

measured. The summation across all wavelei ath_ of the
weighted SPD defines luminous flux.! The wuighing and
summation are the very core of phc < metry. Though it
is globally accepted and used, V() is 3 compromise
that always assumes the same p.=dictable correlation
of physical measurement.. witr visual response.
However, there are circuni:tarices where photometric
quantities are poor . =dic ors of visual response. (Refer
to ANSI/IES 1 5-8 20, Lighcing Science: Vision — Perceptions
and Performai -<.”;"Thus, a basic understanding of
photome ry isi2ssential to the balance that needs to be
stru -k by a lighting designer between measurement on

cae har d and visual experience on the other.

Photometry and radiometry are used to determine
properties of lighting equipment and materials, as
well as aspects of the performance of lighting systems.
Some of these measurements require photometric
standards (for either sources or detectors) and are
usually performed in a photometric laboratory; some
are accomplished with equipment designed for field
use. Table 1-1 shows the most common types of
photometric and radiometric measurement, along with
the equipment and usual place of measurement.

1.2 Scope

This Lighting Science (LS) document describes the
various types of photometry and photometric
instrumentation, including laboratory and field
equipment and measurement types, and instructions
for some types of field measurements. However, it does
not provide instructions or methodology for performing
laboratory tests. For that kind of information, the reader
is referred to the IES Lighting Measurement (LM) series
of documents.
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