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CIE Illuminants A and D65 (cont.)

103.582000 98.16710

570 107.184000 96.33420

575 110.803000 96.06110

580 114.436000 95.78800

585 118.080000 92.23680

|600|_129.043000_|90.00620__ 
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CIE Illuminants A and D65 (cont.)
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x,y, Z,V(A), and V’(A)
 

Note: The photopicefficiency function, V(A), is identical to
the y standard observer function.
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x,y,z, V(A), and V'(A) (cont.)

0.975000

0.935000
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x, y,z,V(A), and V’(A) (cont.)
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Archaic and Arcane Units of Illumination
 

LuminousIntensity

The unit of luminous intensity is, and has been, the base
unit of photometry. Until recently, it suffered from a lack
of stable, reproducible standards. Over the past century
and a half, standards have ranged from actual candles
(wax or whale fat), gas lamps (pentane, isopropyl] acetate),
vegetable oil lamps (colza, i.e. canola oil), carbon filament
lamps, blackbody furnaces, and finally, in 1979, a
radiometric standard. Because of the past difficulty in
realizing the standard, most of these expressions for
intensity are approximateat best.

1 Hefner candle ~ 0.9 ed

1 candlepower* = 1 candela (cd)
1 new candle = 1 bougie nouvelle = 1 cd
1 candle (UK) = 1 ed
1 decimal candle = 1 bougie decimal = 1.02 ed
1 international candle = 1.02 cd

1 Vereinskerze (Germancandle) ~ 1.1 cd
1 pentane candle ~ 10 cd
1 Munich candle ~ 1.2 ed

1 carcel unit ~ 9.8 ed

1 Violle ~ 20.4 ed

Luminous Flux

1 spherical candlepower* (SCP) = 47x lumens(1m)
1 mean spherical candlepower* (MSCP) = 47 lm

Illuminance

1 nox = 0.001 lux

1 milliphot = 10 lux
1 footcandle* = 1 lm/ft? = 10.764 lux

1 flame = 43.06 lux

1 cm-candle = 1 phot = 10,000 lux

* still in occasional use
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Archaic and Arcane Units of Illumination (cont.)
 

Luminance

Several units of luminance have the number z in the

denominator. This was done before the availability of
calculators and computers to facilitate the calculation of
the luminance of a Lambertian surface, which radiates
uniform luminance over a projected solid angle of zx
steradians. For example, a Lambertian surface with
reflectance, p, receiving an illuminanceof x lux has a
luminanceof px apostilbs.
1 bril = 3.183 x 10° nit

1 skot = 3.183 x 10nit

1 apostilb = 1 Blondel = 1 cd/mm? = 0.3183 nit
1 millilambert = 3.183 nit

1 foot-Lambert* = 1 cd/xft? = 3.426 cd/m? = 3.426 nit

1 cd/ft2 = 10.76 nit

1 Lambert = 1 cd/nem?= 3188 nit

1 stilb = 1 cd/em? = 10,000 nit

CCT

1 mired* (microreciprocal degree) = 1 reciprocal
megaKelvin (MK)!
1 mirek* (microreciprocal Kelvin) = 1 reciprocal
megaKelvin (MK)-!

Photons

1 Einsteinf = Avagadro’s numberofphotons
1 Einstein = 6.022 x 107° photons
1 micromole} = 6.022 x 10!" photons in the 400- to 700-nm
band

Photon Radiance

1 Rayleight = 7.96 x 10-8 photons/sec-m?-sr

Wavelength
1 millimicron* = 1 nanometer

* still in occasional use

+ still in occasional use in fields other than illumination
or optics
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Abbe illumination, 58
Abel transform, 74
ABg method, 29
absorbance, 27
absorbingfilter, 61
absorptance, 27
accent layer, 96
accent lighting, 96
acceptance angle, 51, 75
apparent brightness, 95
arc lamp, 74
area-solid-angle-product, 49
average projected solid

angle, 37
average projected solid

angle, 36
average reflectance, 67
averaged LED intensity, 11

back reflector:, 83
backlight lightguides, 85
backlighting, 82, 96, 104
backlit displays, 82
backlit LCD, 83
backsidereflector, 85
base type:, 73
beam pattern distributions,

106

bendratio, 66
bent lightpipes, 66
bidirectional reflectance

distribution function

(BRDF), 28, 29
bikeways, 104
brightness enhancement

film, 88
brightness enhancement

film (BEF), 82, 86
building entries, 104
bulb type, 73
bumps, 85

candela, 5

candela distribution curve

(CDC), 97
catadioptric, 81
center wavelength, 26
centroid wavelength, 26
chromaticity, 12
CIE 1924 luminous

efficiency function, 5
CIE 1931 chromaticity

coordinates, 12
CIE 1960 UCScoordinate

system, 13
CIE 1976 UCScoordinate

system, 13
CIE color matching

function, 5
CIE color matching

functions, 12
cobra head, 110
coefficient of retroreflected

luminance, 32
coefficient of retroreflected

luminousintensity, 32
coefficient of retroreflection,

a2

coefficient of utilization

(CU), 98
cold mirrors, 61
cold-cathode fluorescent

lamps (CCFL), 82, 84
color, 26
color rendering index (CRI),

18, 19
color temperature, 14
color-pixel patterns, 86
compoundelliptical

concentrator (CEC), 76,
78

compound hyperbolic
concentrator (CHC), 76,
78
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compound parabolic
concentrator (CPC), 76,
77

computer-aided design
(CAD), 92

concentration (C), 51
concentration ratio, 51
condition A, 11
condition B, 11
configuration factor, 37
conservation of étendue, 50
controls, 105
correlated color

temperature, 13
correlated color

temperature (CCT), 14
cosine-fourth law, 41

damplocation rated, 105
daylight factor (DF), 99
daylighting, 100
delta, 86
diagonal, 86
diffusers, 83
diffusion equation, 85
digital light processing

(DLP), 87
dioptric, 81
displays, 82
dominant wavelength, 15,

26

donaldson matrix, 17
downlighting, 104
downlighting, 96
dual brightness

enhancementfilm

(DBEF), 86

electroluminescent (EL),
83, 84

ellipsoidal mirror, 60
emergency egress doors,

104

entrance angle, 31
étendue, 49
exitance, 1

eye adaptation, 94

f-number, 48
facade illumination, 102
faceted reflectors, 80
facets, 69
features, 85
features, 83
filament type, 73
flat-fielding, 88
floodlighting, 103
flow-line method, 78
fluorescence, 17
fluorescent lamps, 74
flux, 1, 33, 35, 49
focal layer, 96
form factor, 36, 37
frontlighting, 104
front-projection displays, 82
full cutoff, 110

general color rendering
index, 18

general illumination
approach, 96

generalized étendue, 50
geometrical model, 71
glare, 101
glazing, 96
goniometer, 71
goniophotometers, 89, 91

hardscape lighting, 104
Harvey method, 29
high-pressure sodium, 111
holes, 85
horizontal ambientlayer,

96

horizontal field, 94
hot mirrors, 61
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hybrid optics, 81

uluminance,6, 7, 108
image irradiance, 49
incandescent lamp, 73
increase factor, 41, 47
indium-tin oxide (TO), 86
induction lamps, 111
injection molding, 85
injector, 84
injector, 83
integrating spheres, 67
intensity, 1, 3, 38, 89, 91
interference filters, 61
inverse square, 3
inverse square law

calculations, 108
involute, 78
irradiance, 1, 33, 65, 67, 75
isotropic source, 33

knownintensity, 34
Kohler illumination, 68

Lambertian disk, 47
Lambertian radiator, 36
Lambertian source, 3, 33
Lambertian surface, 27, 28,

29

LED, 72, 84

lens design codes, 92
lenslet array, 68, 69
light center length (LCL),

73

lightbox, 84
lightguide, 83
lightguides, 53
light-loss factor (LLF), 111
lightpipes, 53
linear polarizers, 86
liquid crystal, 83

CX-0693

135

liquid crystal on silicon,
(LCoS), 87

locating fixtures, 101
long lateral distribution,

107

lumen, 5
luminaire’s transverse

reach, 106
luminaires, 76
luminance, 6, 7, 108
luminances from a direct

luminaire, 98
luminousefficacy, 9
luminousflux, 5, 6
luminousintensity, 6

maximum overall length
(MOL), 73

medium beam, 103
medium fixtures, 107
mesopic region, 8
mesopic vision, 101
metal halide, 111
metal halide lamps, 111
mixed bundle, 55
mixing rod, 65

narrow beam, 103
nighttimevisibility, 101
nonedge-ray design, 81
nonimaging compound

concentrators, 75, 76

nonimaging Fresnel lens
design, 81

nonsequential ray tracing,
92

numerical aperture (NA),
43, 48

observation angle, 31
OLED displays, 82
optical density (OD), 27
optical fibers, 53
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optics analysis codes, 92
optimal concentration, 51
organic LED (OLED), 82
ornamentallayer, 96

packing fraction (pf), 55
paraboloidal mirror, 60
peak wavelength, 26
perfectly reflecting diffuser

(PRD), 28
photometric brightness, 95
photometric report, 97
photometry, 5
photopic efficiency, 8
photopic region, 8
photopic vision, 101
Planckian locus, 12

plane angle, 2
polarizers:, 83
principal sections, 66
projected area, 3
projected solid angle, 3, 4,

at, 43, 48

projection, 82
projection displays, 82, 87
purity, 15

radian, 2
radiance, 1, 3, 33, 65, 67
radiance model, 71
ramps, 104
rated current, 21
rear-projection displays, 82
rectilinear shoebox, 110
reduction of light levels,

101

reference illuminant, 18
reflectance, 27, 28
reflectance coefficient, 108
reflectance factor, 16, 28, 30
retroreflectance factor, 32
retroreflectors, 31

scotopic efficiency, 8
scotopic region, 8
scotopic vision, 101
searchlight, 63
semicutoffs, 110
setback, 103
shape conversion, 55
shielding the light source,

101

short fixtures, 107
sidelighting, 104
sidewalks, 104
simultaneous multiple

surfaces method (SMS),
81

skew invariant, 52
small target visibility

(STV), 108, 109
softscape lighting, 104
solid angle, 2, 3, 4, 35, 48,

49, 54, 75

solid-based geometry, 92
source, 83

source brightness, 101
source model, 70
source modeling methods,

al

spacing, 103
spacingcriteria (SC), 98
spatial light modulator

(SLM), 87
spatial light modulators

(SLMs), 82
spectral filter mask, 86
spectral flux, 5
spectral intensity, 5
spectral irradiance, 5
spectral radiance, 5
spherical mirror, 57
splitting the bundle, 55
stairs, 104
steradian, 2
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stippled illumination
pattern, 80

stripes, 86
structure, 85

surface-based geometry, 92
system model, 71

T-number, 48
tailored-edge-ray, 80
tailored-edge-ray reflectors,

79

task layer, 96
test-color samples, 18
throughput, 49
total integrated scatter

(TIS or TS), 29
total irradiance, 5
total radiance, 5
total radiant flux, 5
total radiant intensity, 5
transient adaptation, 94
transmittance, 27, 45

triangular, 86
tristimulus values, 12
twisted-nematic LC

module, 86
type A spherical

coordinates, 90
type B spherical

coordinates, 90
type C spherical

coordinates, 90
type I, 106
type IT, 106
type III, 106
type IV, 106

uniform circular

Lambertian disk, 40
uniform light distribution,

101

uplighting, 104

veiling luminanceratio
(VLR), 108

vertical ambient layer, 96
vertical field, 94
viewing angle, 26, 31
vignetting, 47
visibility level (VL), 109
visual comfort probability

(VCP), 97
visual fields, 94

walkways, 104
wall washing, 96
wet location rated, 105
wide beam, 103
working f-number, 48
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