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Photometric Units in the Mks System

Introduction

The Instrumentation l.aboratory 'has recently circulated a
reprint Gf a paper by iloon and Spencer entitled "Utilizing
the Mks System, " which was published originally in the Jan-
uary issuc of the American Journal of Physics for 1948.

This reprint contains tables of conversion factors which are
often useful. Unforiunately, however. in thé fields of ra-
dicmetry and photometry {pages 34-37), these authors employ
terms which, so far is known, have never been accepted by
any of the national or international standardizing bodies.

In the pages that follow, there will be listed and dis-
cussed briefly photometric units and symbols adopted by the
Optical Society of America after a committee of twenty-three
members of that Society had worked over the subject matter
for almost twenty years. The report of that committee ma-
tured into a volume entitled “The Science of Color, " pub-
lished by the Thomas Y. Crowell Company in 1953. {Both ra-

diometric and photometric terms and symbols are treated in

Chapter 7 of this volume. )

]
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With minor exceptions, these O.S. A. recommendatiors have

been approved in this country by the Nlluminating Engineer-
ing Society and by the American Standards Association. They
have been sanctioned internationally by the International
Commission on Illumination (Commission Internationale de

L'Eclairage), usually referred to as the C.I. E.

Luminous Fiux

Even a layman feeis that he knows what is meant when the
FCC authorizes a radio staticn to radiate 50, 001 watts. Un-
fortunately, even many scientists and engineers would not
understand the statement that a sonrce of light radiaies
50, 000 lumens. Actually, the watt and the lumen can be
thought of as equivalent, except that the lumen represents
radiant power (watts) evaluated in terms of its capacity to
excite a visual sensatton. For example, the so-cal.ea 1umi-
nous efficiency of monochromatic green light is in excess of

600 lumens per watt; the luminous efficiency of sunlight is

of the order of 100 i::mens per wott; and the luminous effi-~
ciency of the ordinary tungsten lamp is usually somewhat
less than 20 lumens per watt. The letter-symbol adopted by

the O.S. A. to represeat luminous flux in lumens is F.




Luminous Intensity

Just as a radio station may be so beamed as to send mora
radiant flux in certain directions than in others, so ai:so
may a source of light send more luminous flux in certain di-
rections than in others. The applicable terms are radiant
intensity and luminous intensity. respectively. The symbols
recommn.ended by the O.S. A. are J for the radiant intensity
and | for the luminous intensity.

1t will be understood that. if a source is *o radiate in
a specified direction, the dimensions of the source must be
small by comparison with the other distances involved. GCiten
the dimer. .:ons need not be too small, because, even in the
casec of a searchlight, for example. the jlluminance (see be-
low) falling on a small surface that is removed from the
searchl ght by twenty times (or more) the diameter of the
searchlight is identical (within the precision of ordinary
photometric mcasurements) with the illuminance that would
have been pro:duced by a small Fource having the same luminous
intensity in the direction-of this small surface.,

Such a concentrated source is often called a point source.
‘I'he illu.ninance that it produces on a small surface set per-
pendicularly to the direction of tre luminous flux received
{rom the source decreases as the square of the distance be-
twuen the source and the suriace. I the suﬁace is not per-
pendicular to the direction of the flux falling upon it, the
illnmjnnxl!ce decreases further as the cosine of thé angle be-

tween the normal to the surface and the direction of the im-

pinging flux.
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[m:idem‘ally. the inmimnce.‘pm@ced on a small surface
by an ex‘ended source of light is {to & close approximatic N
equal to the product of the luminance of the source and the
solid angle thal it sublends ai the receiving surface.

For the reasons cited above, the iuminous intcasity of a
point source in a given direction is measured by the infin-
itesimal amount of flux dF ra&iated per solid angle dw in
that direction. One unit of luminous flux per solid angle
has for years been czlled a candle, and the O.S. A. report
recommends that it be designated by the symbol 1. (Sec Ap-
pendix A)

[1tuminance

The concept of illuminance was implied in the preceding
section. Basically, the term iiluminarce connotes the num-
Yer of lumens that impinge ncrmally on a unit area of a
given surface. The recommendation of tie Optical Society of
America is that the illuminance 3f a surface be designated
by the symbol E and that it be ekpressed in terms of lumens
per square meter. Obviously, in the case of a surface whose
illu:ninancebvaries\from point to puint, it is to be under-
stood that the illuminance a2¢ any given point is to be ex-
press.d by th. ratio of the flux impingi: : on a small area
surrounding the point to the size of trat small area, both
quantities still bemg expressed in lumnns and in square
meters, respectively. {Sc~ Appendix B)

4 .




Laminance

Of the four principal photometric quantities mentioned
above, the concept of luminance is often the most confus-
ing. partly. perhaps. because it was called "brightness”
for sc many years. In terms of the system of units lisied
herewith, the luminance of an extended surface would be
measured {(possibly only as a mental exercise) by masiking
off all but a conveniently small area of that surface and
then measuring its luminous intensity as seen lrom‘ scme
patticular direction. lnasmuch as tne candle is the unit ‘
of Juminous intensity. the preferred unit of luminance is
the candle per square meter of the (projected) area of the
source. The recommmended symbol is B. (See Appendix C)

In the above paragraphs, it was assumed that there was
2 surface present. Offhand, it mayv seem absurd to describe
the luminance of the sky in candles per square meter. The
absurdity disappears if one simply imagines a surface that
obscures the sky entirely except for an aperture of conven-
ient area. Obviocusly, cither this area should be suitably
smail or the rcmoteness of the imagined surface suﬂici.enuy

great to permit the application of the concept of luminous

intensity.
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Conclusion

No attempt has been made to describe the above-muentioned
photometric quantities in terms of eperational definitions.

To have done so would ilave re<ul'ed in a treatise on pho-
tometry, which. with ai! its ramiticaiioas. s a nighly
specialized subjedi.

It has been assumed thraughout it the sourae being
in\vcs!iga';:d h;\s the saune £3ettenl guallty as the conven-
tional photourzelric standacds. i\':f atten'pt has been made o
indicate tae various proicdures inat Bave been devised 0

cope witk: siruations when inis assumption is nir valid

© Nor kas there bees any Zivrussion of the case when the

spectral- senritavity cnaracteristics of the receptor differ

marhe1ty {rom those of the human eye.




Appendix A

By international agreement, the candle has. rocemiy
been redefined in terms of a blacl'(bnd.\"' radiazor.. More
speecifically, one square centimoter of a blackbody
radiator at the temperature of freezing platinum lbj. )
said to have a luminous intensity of 60 candles. .The
C.1.E. has recon.mended that the word candela be cub-
stituted for the word candle when the new unit of lu-
minous intensity is employed. It remains to be.scen
whcther the term candela will receive genera! accept-
ance. The point is somewhat academic because the dif-
ference between the old candlepower standard and the
new candela standard is small. The word candie has
been gs::d herein, cven though the luminous iniensity

L2y heespressed in terms of the new candlepower siand-

Appendix 1§

!
The term illumination is frequently uscbri by illumi-
nating engineers to connote the concept of illuminance.
However, the Optical Society of Ameriga and others are
of the opinion tha.t terms cnding in "oation™are appro-
priate to a process rather than té a n}éa’sm'nble quantity.
More confusing is the common ;Jalracticg among illuminalingb
engilieérs 6f expressing "illumination" in foot-candies.
By definition. a source with a luminous intensity of one
candle will produce an "illumination' of one foot-candle
when the source is one oot distant from the receiving
surface and the light from tne source falls perp sidicu-
lariy on lh:;t surface. [t is easy to show that one foot-

candle is the numerical equivalent of one lumen per square

foot, and that, correspondingly, one meter-candle is the

numerical equivalent of one lumer. per square meter.




Appendix C .

In general, the luminance of asurface depends upon the ’
direction of observation, but most €urfaces are rough
\ra‘:hzrr than mirror-tik«) and L:{mber(’s law may then be a
close approximation. According to L-am'bcrt's law, and ele- ;
ment of a surface that radiates or reflects diffusely has
a luminous intensity that varies as the cosine of the aigle
hatween the normal to the surface and (h¢ direction of ob-~ Coe
servation. 1In other words, the luminous intensity of a
it area of the surface becomes less when the surface is
\iiewed obliquely. Howeiror, the urojected area incorporated
in the definition of luiminance varics 21so as the cosine of
the samc angle, so that, in the casc of surfaces which ra-
diate or reflect in accordance with Lambert's law, the lu-
niinance is independent of the angle of observation. '
Because surfaces that radiate or reflect diffuscely are
encountered more often than not, the luminance of such sur- .

faces is often expressed in Limberts. By definition. a

surface is said t¢ hav: a luminance of one Lambert when it —
radiztes or rzilects one lumen per square centimeter. The

conversion values of luminance expressed in candles per

square ceatimeter (o lumens per square centimeter {Lamberts)

involves simply multiplying the former by . One might N o
reason irtuititely that if he knows the number of lumens /

radiated or reflected per unit-solid-angle by a given small

surface he could find the total number of lumens radiated
by multiplyving by 23 . inasmuch as there are two 7
units of solid angle in a hemisphere.  Actually., when
Lambict’s cosine law is introduced in the inteassiion
process. the multipl ing izctor 1s found to be 7 and
ner 23

The: original definition of the Lambert bas been modi- |

1ently

fied in many ways. For cxaniple. this unit is fr
used to evpress the luminance of a Sur.‘écu that does not
obey Lambert's law. That is, when such a surface is ob-
scerved from some particular direction, its luminance is
sometimes stated in terms of the total number of lumens
that a unit area of this surface wouid emnt or reflect if

it were xo‘ sbeyr Lambert's taw.  Also, whereas the unit of
area embodi-:d in the definition of the Lamber: was the
square centimeter, some uuthors use the foot-Lambert,
which the British sometimes refer to as the equivalent
foot-candie. In other words. a surface with an area of
one square foo! which radiates or reflects diffusely one

lumen would be said (o have a luminance of one foot-lLambert.
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Appendix D h Appendix E
Conversion of Units of Numinance . Coaversion of Units of Luminarce
To convert n units of iliuminance {expressed in ' To couvert n units of luminance (expressed in terms
terms of vre of the quantities listed below) into of one of the quantities listed below) into B units of
E units of illuminance {expressed in terms of lumens ) luminance {expressed in terms of condles per square )
pér square meter), multiply n by the indicated mul- , meier), multiply n by the indicated mul*iplying factor.
tiplying fzctor, ’
p ‘ Ap;stilb.............L‘.I)lBJ
Foot-candle . . . . . . . . . . . . 10.764 ) Foot-Lambert . . . . . . . . . . 3.426
Lumen per square foot . . . . . . . 10.764 ‘ ) Lambert. . . . . . . . . . . 382
LuX. « « . . . . ... ... ... 1.000 . - Meter-Lambert . . . . . . . . . 0.3183
Meter-candle . . . . . . . . . . . 1.000 ' Milli-Lambert . . . . .. . . . . 3,133
Milisphot . . . . . . . . . . . . .10.90 ’ Nit . . . . . . . . oo . v .. 109
Phot . . . . . « ¢+« « . . 10,000. Silb. - . . . . . . .. . . .10000.

Note: In conversation, the words illumiran:e

X : Note: In conversation, the words illuminance
and luminance may sound very similar unless - T
. and luminance may sound very similar unless
the first syllable of each is accented.

the first svilahle of each is accented.






