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2.1 Vision

Schematic build-up of the human eye

Why is the visible range for humans 380 - 780 nm?
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2.1 Vision

Structure of the retina (rods and cones)

Richtung der Informationsiibertragung
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~ 120 million rods
~ 6 million cones

Retina of human eyes

Stiabchen- und Zapfen-
mosaik in der Retina

g
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Rods

— Black-white vision, i.e.
shape and brightness of
objects (contrast)

Cones (L, M, and S) Fraction
S 420 nm 1
M 534 nm 10
L 564 nm 20

— Colour perception
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2.1 Vision

The process of vision (e.g. rods — B/W vision)

CH
2 light AV !
J \“\H‘ A S

Rhodopsing) Retinal

=

"] rod

pigment modified i :
°o by visible light 11-Z Retinal

retinal
Isomerasis

— signal trans-
duktion cascade

CH, all-E Retinal Q\/\

* Rhodopsine pigment can be decomposed by solely 2 to 3 photons, which yields a
protein (opsine) and all-trans (E) retinal

« All-trans retinal is then isomerized to 11-cis (Z) retinal, which reacts again with
opsine to yield rhodopsine

« The aldyhde retinal is the oxidation product of retinol (vitamine A)

nerve
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2.2 Spectral Sensitivity of the Eye

Photopic vision (high brightness situation)

1,0
Eye adapted to high brightness level,
i.e. L, =10 - 108 cd/m? 7
oL = 0,6 —
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human eye V(A): Daylight vision 041
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At daylight condition the human eye is around 20 times more sensitive for yellow-
green (555 nm) then for red (670 nm) or blue light (450 nm)
This property is described quantitatively by spectral sensitivity curve V(A)
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2.2 Spectral Sensitivity of the Eye

Scotopic vision (low brightness situation)

2000

. 507 nm
Eye adapted to low brightness level,
l.e. L, =103-10° cd/m? 1500
Spectral sensitivity curve of the § 1000 -
human eye V' (A): TW|I|ght & nlgpt vision
g "Moon light 500
% 10 O300 | 400 | 5(I)0 | GCI)O I 7(I)0 I 800
g Wavelength [nm]
At intermediate brlghtness Ievel ie. Ly, = 10 - 103 cd/m2is called mesopic vision

Maximum of the eye sensitivity is in the blue-green spectral range
Light sources with high blue-green fraction are favourably in the night
(e.g. Xe/Hg-lamps for automotive headlights or white LEDs with high CCT)

Incoherent Light Sources Chapter Lighting Terms
Prof. Dr. T. Justel, FH Munster Folie 6




2.2 Spectral Sensitivity of the Eye

Dogs (carnivores) with lens eyes

« Maximal sensitivity at about
420 and 560 nm

« Dogs are thus dichromates
and can solely perceive blue

Normalized response/sensitivity

Wavelength (nanometers)
I |

and yellow colours 300 350 400 450 500 550 600 650 700

B

Violet Blue Cyan Green Yellow Red

Spectrum as perceived by dogs

Dogs are dichromats
(two color cone/pigment types — blue and yellow)

Dogs cannot distinguish between green and red colours!
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2.2 Spectral Sensitivity of the Eye

Insects (arthropoda) with facet eyes

100

« Maximal sensitivity at 350 nm, i.e.
in the UV-A range

Sensitivity [%0]
g 3

N
o

 Insects are also trichromatic,
however, they can not see in the _
yellow-red range, but in contrastto
that in the UV-A and UV-B range

0 1 . 1 . 1 .
300 400 500 600

Wavelength [nm]

Light sources with high UV or blue fraction attract insects, in contrast to yellow
and red light sources

Lit.: Moths are strongly attracted to UV and blue radiation (G. Brehm, J. Niemann, D. Enseling, T.
Justel, L. Jaimes, J.C. Axmacher, E. Warrant, K. Fiedler, Insect Conservation and Diversity 14(2) 2021)
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2.2 Spectral Sensitivity of the Eye

Biological evolution of visual pigments (opsines)
Ancestors of vertebrates

and articulates

Uv + B+ G +R

Arthropoda (Articulates) Vertebrata (Vertebrates)
Uv + B +G + R Uv + B +G +R
I I

Insecta (e.g. bees + bumble bees) Reptilia + Dinosauria

UV + B + G UV + B +G +R

350 450 530 nm
early Aves (Birds) early Mammalia (mammals, nocturnal)
Uv + |B +G +R B+R
present-day Aves Whales + seals early primates
Uv + B +G +R S/W B+G +R

370 445 508 565 nm
Homo Sapiens
B+G +R
437 533 564 nm

2% red-green blind
Lit.: Spektrum der Wissenschaft 1/07 (2007) 96
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2.3 Radiometric Quantities

Measured quantities (parameters) for the characterization of the output
(proportional to number of emitted photons per unit time) = energy quantities

Measured guantities on detector (photomultiplier, photodiode, human eye and so on)
Intensity I = number of photons/area*time [N},,/m?s]
(German: Intensitat)

l E = N:[hv]

Irradiance E. = number of photons/area*time [J/m?s = W/m?]
(German: Bestrahlungsstarke)
= These quantities are proportional to counting rate on detector [Counts/s]

Radiant exposure H, = number of photons/area [J/m?]
(German: Bestrahlung)

with H, = E.*t (Radiant energy per area)
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2.3 Radiometric Quantities

Quantity Symbol Definition Unit
Radiant power @, = dw/dt [W] or [J/s]
(Radiant flux)

Spectral radiant power @, =dd./d A [W/nm]
(Spectral radiant flux)

Irradiance E. = dd /dA [W/m?]
(Radiant emittance)

Spectral irradiance E, =dD./dA [W/m2nm]

(Spectral radiant emittance)

Irradiance of the earth:

Calculation of photon number:

E.=1.368*10° J/m?s = 1368 W/m? (solar constant)

E = hv = hc¢/A and hvg, =4.0%10-1° J
= 1W =1 J/s =2.5*10* photons per second
of wavelength 550 nm
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2.3 Radiometric Quantities

System Sun — Earth: Average distance ~ (149.6 + 2.5)-10° km

\ 6T Te=255K

Surface temp. T, a0 ~ 5780 K \ Albedo ~ 30%

6.3-107 W/m? Irradiance ~
1368 W/m?2
Source: NASA Source: Apollo 17
|
Radiant power 3.846:10% J/s (W) 1.730-10%7 J/s (W)
Radiant flux per year 1.21410%J/a | 5.459-1024 J/a

/
/
/

|
'Compare: Global primary energy consumption ~ 5.2:102° J/a ~ 0.01%
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2.4 Photometric Quantities

Quantities which consider the sensitivity of the observer

Luminous flux @, =0 /M, [Im] M, = energetic lumen equivalent

1,0

= 0.001464 W/Im (= 1/683 W/Im)

0,8

0,6 — K

0,4

=683 Im/W (at 555 nm)

V()

max

KA) = Knax V(A

0,2 H

780
0YO350 I 4(5 I 4%0 I 5(I)O I 5%0 I 6(I)O I 6é0 I 7(I)0 I 7%0 I 800 ®V — K max I V(ﬂ/)®e(ﬂ/)dﬂ/
Wellenlédnge [nm] 380
Luminous intensity |, = d®,/dQ [cd] Q = Solid angle [sr]

(Spherical surface = 4xwr?)
Light source with 1 cd, which is isotropic in all spatial directions, emits thus
1 cd per sr (~12.566 Im in total)
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2.4 Photometric Quantities

Definition of the SI-Unit candela [cd]

One candela is the luminous intensity of a radiation source, which emits monochromatic
radiation (4.1:10*°> Photonen) with a frequency 540-10% Hz (E,,, = 3.57810*° J) (equal to
wavelength of 555 nm), with a radiant power of 1/683 W (J/s) per steradiant (luminous
intensity of ~1/60 1 cm? of black body at a temperature 2045.5 K, which is the melting point
of Platinum Pt).

As for all photometric quantities, is this unit dependent on the eye sensitivity curve V().
For the reference wavelength it applies:
V(555 nm) = 1.0, i.e. 1 W radiation at 555 nm corresponds to 683 Im.

1. Example: Household candle (40 W, 0.0184 W optical power! ~ almost 40 W heat)
Luminous flux: about 12.566 Im = Luminous intensity I, = 12.566 Im/4xsr =1 cd

2. Example: 100 W Incandescent lamp
Luminous flux: about 1500 Im = Luminous intensity I, = 1500 Im/47w-sr ~ 120 cd
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2.4 Photometric Quantities

Origin of the quantity of the energetic light equivalent M, = 0.001464 W/Im

Reference light source is the candle Emission spectrum of a diner light (~16 g)

P ~40 W =40 J/s (paraffine ~ 42 MJ/kg, burning time ~ 4.6-4.7 h)
Energie [eV]

Popticar = 0.0184 W (integrating sphere) 3w 2 2z 6o
n = 0.046%
l, =1cd~12.566Im _ 1:4x1o:{
= 0.31415 MW or 3.1832 W/im & 1o
Efficiency n = 0.00046 2
— 0.001464 W/Im
= 683 Im/W (g.e.d.) A
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2.4 Photometric Quantities

Luminous flux @, (German: Lichtstrom)
Entire radiant power, emitted by a light source in all spatial directions, which is
weighed by the sensitivity of the human eye.

780
o Lichtstromdy = ess j Vretl(1)De(1)dA

380

Luminous intensity 1, (German: Lichtstarke) _
Intensity of light emitted in a -
particular direction
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2.4 Photometric Quantities

IHHluminance and Luminance

Leuchtdichte gross

Lichstrom gleich

Leuchtdichte klein

gesehene Fliche gross

I[lluminance Ratio of the incident luminous flux
(German: Beleuchtungsstarke) to the irradiated area
Luminous flux/area [Im/m? = lux]

Luminance Perceived brightness of a light source
(German:Leuchtdichte) Luminous intensity/area [cd/m?]
Incoherent Light Sources Chapter Lighting Terms
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2.4 Photometric Quantities

Integral quantities Angle related quantities (per 1 sr)
Luminous flux ®, = ® /M, [Im] Luminous intensity I, = d® /dQ [cd]

Illuminance E, = d®,/dA [lux =Im/m?]  Luminance L, = dl/dAcosy
[cd/m?] = [nit]

Light source Luminance [cd/cm?]
Sun 150000

Discharge arc lamp 20000 - 100000
Incandescent lamp (clear) 200 — 2000
Incandescent lamp (opaque) 5-50

fluorescent lamp 04-14

candles 0.75

blue sky 0.3-05

full moon 0.25

TV screen 0.05
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2.4 Photometric Quantities

. M
Typical Lux Values . Bk AcnomNF }
X Luminous flux [Im] alpha
\\\ / ./ / K-SOLIS K-SOLIS Pure (smel)
NP f=t1 =
: - . . . . 2,500 2,170 2,495 0.324
/O " The illuminance in closed rooms is 2700 | 200 2400
TN . N e =
/ much lower than for being in open air |5+ me o
- ==
6,000 1,765 2,025 0.774
6,500 1.755 2?615 Oﬁiii
- 7,000 1,750 2,010 0.852
_ . T —
T S w0
A8 g1 Iy, | "Hlt“r!hﬂ”ﬁ[}/”w 1m 1:7;0 -;:950 1i304
'I _I el |-|.;|5{ﬁ : lli-. H"|I|ill|.!'i!|[lll’lfl!I:Ii!'l|”“:!:l | 16000 | 1710 __1.935 _ 1.439
Ly it Ly From a physiological point of
5 view, daily live takes place in
darkness
T Lack of melatonin suppression,
_5.000»1_{_13( 10 000 lux 100 000 lux

Fig. 2 Variations in lighting leve! under a clear sky.

I.e. low melanopic action factor

or circadian efficacy.
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2.4 Photometric Quantities

Circadian Efficacy c(\)

505 nm
480 nm 555 nm

100 Light source Luminous efficacy Luminous efficacy
0 il photopic circadian / photopic
) Daylight 6500 K 100 Im/W 278
v’ FL 3000 K 90 Im/W 1.00

¢ FL 4100 K 90 Im/W 1.85
“ LED 5500 K 200 Im/W 2.91 (~ LCDs)

0 e o o - o o 0 f e 1

Wellenlinge in nm
//\\\/\ S \‘\\ ;!’/ \\\%, = "‘\‘/’ ------ Body temperaturé
™ e AKX T S P Melatonin (sleep hormone)
- F == =TT e Cortisol (stress hormone)
L L 5= Daytime —% L T T—) Attentiveness
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2.5 Energy and Light Efficiency

Definitions
Radiant efficiency Ne = Whyisibley Werectrica 100 [26] ,,energy efficiency*
»wall plug efficiency*
Luminous efficacy Ny = O, 'W,ectricar [IM/W] *Nn. = »,light efficiency*
Light source Enerqy efficiency [%]  Light efficiency [Im/W]
« Colour TV 1 2-3
« Incandescent lamp 5 10
« Halogen lamp 8-10 15 - 20
« Energy-saving lamp 15 - 20 70
« High pressure mercury lamp 15 - 20 65
* Fluorescent tube 29 100
« High pressure sodium lamp 31 130
« Low pressure sodium lamp 40 200
« Cold white LED 70 250
Incoherent Light Sources Chapter Lighting Terms
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2.5 Energy and Light Efficiency

The “light efficiency” or “light yield” of a light source is therefore the result of its
energy efficiency (n) and its luminous efficacy (LE), thus the luminous efficacy.

Example: Low pressure sodium lamp with single emission line at 589.3 nm
(energy efficiency n = 40%0)

700 | 555 nm Luminous efficacy of a light source =
600 | /\Na The amount of lumens per 1 Watt
500 of optical photons:

Z w00 780

LE = j y(1)E(1)dA
200 |- 380

Light efficiency or yield of a light source

0 1 . . 1 . 1 . . 1 .
300 400 500 600 700 800 900

wavelength [nm] = energy efficiency n * lumen equivalent LE
MNe =40%
LE =500 Im/Wopt
= “Light efficiency” =200 Im/Wg1ectrical
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2.6 Colour Coordinates

Human eyes possess three different cones with three different organic pigments
= Trichromatic vision

The absorption curves of these three cone pigments are described by the t(A), d(A),
and p(A) curves (also called S, M, L types)

A 1)

|
\ |
15 :

\‘3(’” By these three absorption curves the

é?\ | following parameters of an emission

S
\

Grundspektrolwerte

spectrum I(A) can be calculated :

/ \ / \:\<fv = [ 1(2)-1(2)-d2
Y \Q D=[1(2)-d(2)-d2

0= w0 70 nm =:|(ﬂ,)° p(/l)d/l
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2.6 Colour Coordinates

Tristimulus values

A certain wavelength, e.g. 550 nm stimulates at least two pigments, e. g. D/P in the
ratio of 4/3. The brain settles it as a grass-green colour impression.

Instead of 3 absorption curves t(A), d(A) und p(A) it is better to use 3 stimulant

curves X(A), y(A) und z(A), which result from t(A), d(A) und p(A) as a linear
combination.

From these curves the values 18
X, Y, Z can be calculated:

2 B2
N o
L1,

=
o
P

X :Il(l)-x(ﬁ)-di mix of T, D, P

o
[ee)
1

Y = °|(,1).y(,1).d1 equal to luminance ;

Tristimulus value CIE1931

0,6
0,4
0,2 1

Z — . I (ﬂ/) * Z(ﬂz) * dﬂ/ quaSl'equaI to T 0,03—-50 400 450 500 550 600 650

Wavelength [nm]
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2.6 Colour Coordinates

) Linear combinations
N N, | '(A‘)
\l \
« \\
5
400 500 600 700
A[nm] 2.
CY) /' N N\ /Q{Z(?\a)
X(A) 1.86 —1.13 0.22 t(A) I \
y@A) [=| 036 0.63 0.00 d(7) I \ Yk )
z(\) 0.00 0.00 1.09 p(A) | 1. TN
. J U J \ / /N \\
N N D) \ / // i
X 1.86 —1.13 0.22 T V1V SN
Y |=| 036 0.63 0.00 D x)
Z 0.00 0.00 1.09 P 0 - -
. J \u J U 400 500 600 3 nm] 7%
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2.6 Colour Coordinates

Derivation of the CIE1931 colour point X, y

The three values X, Y, Z can be formulated as a 3-dimentional vector.

The direction of the vector (X, Y, Z) indicates the colour and its length indicates the
brightness. For the colour impression is also the direction decisive.

Thus renormalized vector (X, Y, z)

X Y 7

X+Y+”Z X+Y+7Z X+Y+Z

with the same colour impression as (X, Y, Z) can be specified.
For the vector (X, y, z) itapplies: x+y+z=1

Therefore, it is sufficient to give only x and y values, to characterize the colour.
zresultsfromz=1-x-y
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2.6 Colour Coordinates

Determination of colour points X, y

Relative intensity
o o o o |l (o [ = N
© B © ® o > o ® o
. 1 . 1 1 | T T R

o
o

=
N
N -

Example: Fluorescent lamp

z

550 600 650 700 750
Wavelength [nm]

X — KI P(A)x(1)dA

380
780

Y=KIPMWMMZ

380
780

7 — KI P(1)z(1)dA

380

P(A) = Spectral power distribution
K = Scaling factor
Result: x =0.325,y =0.305
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2.6 Colour Coordinates

The (X, y) coordinate system C.I.E. 1931

(Commission Internationale de /‘Eclairage)

It is possible to add colours

Yellow 585 nm

+ Blue 485 nm

white
A I (}‘)
485 585

o9f

0,3

0,4 0,5 0.6 0,7 0,8

— ; v el I 1,0

Fig. 42 The CIE colour triangle, containing the spectrum locus, the
system of chromaticity coordinates, the black-body locus and the -
lines of constant correlated colour temperature for values from
2000 K to 20 000 K.

0,9
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2.6 Colour Coordinates

- - 5 [4 0 0.1 0.2 0,3 0.4 0,5 0.6 0,7 0,8
Colour mixing in the Braun‘s tube y ot , e S
’ Fig. 42 The CIE colour triangle, containing the spectrum locus, the
- system of chromaticity coordinates, the black-body locus and the ]
a 0 e ay u e lines of constant correlated colour temperature for values from g
5 2000 K to 20 000 K. 1
09} f 0,9
- 520 =1
530
0,8 08
560 i
Antennensignale wer- Antenine ) E
den in Signale fur Kathodenstrahlrohre Schatten-
Helligkeit, Farbe — - maske lenkt 550 07
F =
und Ton zerlegt. | = Elektronen-
strahlen =]
Elektronenstrahler 560
A 0,6
e ]
Helligkeits- it
deteEtor Phosphor- ; 570 3
punkte
glthen, i HS | |
Farb- wenn Elek- - 580 105
detektor tronen-
strahl auf 4000K X ]
Ton- sie trifft 5000K o0 1
3 | 1
detektor <4 Im Innern des Fernsehgerits ~ 7000K = ¢ loa
werden Elektronenstrahlen in 600
schneller Folge kreuz und quer i | ]
Bildschirm liber den Bildschirm gesandt. 610 E
Die Phosphorschicht auf dem / ‘ m
% 3 5 il 620
Bildschirm besteht aus einer 630 loa
Phosphorschicht groBen Zahl von Farbpunkten. ; a0 i
Ton Diese Farbpunkte leuchten auf, 7'110
sobald der Elektronenstrahl sie e ]
Schattenmaske trifft. Die Schattenmaske sorgt ]
dafiir, dass die Strahlen nur die ]
Lautsprecher Punkte mit der richtigen Farbe 02
treffen.
r 480
oaf (3]
= a70 2
460
0 1 " 450 1 1 ALV} Lo L I °
o 0,1 & 30,5, 0,2 03 0,4 0,5 0,6 0,7 08
X

Incoherent Light Sources
Prof. Dr. T. Justel, FH Munster

Chapter Lighting Terms
Folie 29




2.6 Colour Coordinates

Colour mixing: Displays vs. Light Sources

¥ RGB-Displays ¥ Trichromatic light sources

0.8} ;
0.6
0.4

0.2}

The lumen equivalent is a figure concerning the efficiency of conversion of
electromagnetic radiation into luminous flux
« Optimal is green emission @ 555 nm

« Useful in displays: R~ 630 nm, G ~520 nm, B ~ 440 nm
« Useful in light sources: R~610 nm. G ~550 nm, B ~460 nm
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2.7 Colour Temperature

Black body radiators T -~ ST Y ST YENT Y S ST
T 5000 K (X y) (0 35 0 35) Fyg :’in; ’(1:IEm olou y[r dg/l lhpgrh"b:’d}”’m/[dm"he E
Spectra Of T =3500 K (X N — (0 40 0. 39) 2000 K 1620000 K. b

black body radiators =AU (F G Ok 04

2

[ v v I !

T 5000K 3500K 2000K

IJ2l3l2| 400 aoo 200 1000 1200 1400 1600 1200 2000
kN
We]lml;nu%emrm
- v
Blackbody line (BBL) _
Planckian locus I
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2.7 Colour Temperature

Other white light sources

The colour temperature of an arbitrary
white light source with a colour point (X, y)
relates to a black body, that has a colour point
(x¢, y*) as close as possible to the colour poi
of the respective light source.

It is also called T, or CCT (correlated colour
temperature) described.

Examples T K]
Blue sky 15000
Cloudy sky 6500
Standard D65 6500
Fluorescent tube 4000
Halogen lamp 3300
Incandescent lamp 2700
Na-low pressure lamp 1800
Candle 1500

0o

0,2

0.3

0.4 0,5 0.6 0,7

0.8

y1,0

T T

T T T R e p e

Fig. 42 The CIE colour triangle, containing the spectrum locus, the
s_ystem of chromaticity coordinates, the black-body locus and the
lines of constant correlated colour temperature for values

2000 K to 20 000 K.
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2.7 Colour Temperature

Terms in lighting industry

Instead of the CCT [K] lighting industry

2700 K applies the following terms for their lamps
CCT in Kelvin Term
2700 extra-warm-white
2900 warm-white
4000 neutral-white
5500 daylight
Energy saving lamps with 5500 “ool-white
low and high colour temperature
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2.7 Colour Temperature

Stars: Good examples for a black body, i.e. the colour temperature corresponds
approximately to their surface temperature (Fraunhofer lines are spectral narrow)

Terrestrial (AML1.5)
and extraterrestrial

solar spectrum

Strahlungsleistungsdichte [W/m?um]

2000

1500

1000

500

Betelgense Arcturus

10°
sun ~ 10t = 2, pige
: ; %_ Az%yn neb
e 10} = 4%%%%%%/
E 10° %E}aapellg hided
2 10 SIS A= G,
S000 K 10000 K = lll!airj:':ggmtgon a
CER =
Temperature 2 St
Z 10 =
= -2 %”ol
uv VIS IR 1071
Standardspektrum AM1.5global 107} ngo::.:us 1
Sonnenhdhenwinkel 41.8° e ey TG0 G A Lo 2 o
B E.. = 1000 Wim? Stars' surface temperature (K)
Planck'scher Strahler 5800 K
~extraterrestrisches Sonnenspektrum The SOIar SpeCtrum
i Is modulated due to
atmospheric extinction
I as function of the
CO, ]
o co, elongation of the sun
3 1 z . 1
500 1000 1500 2000 2500

Wellenlange [nm]
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2.7 Colour Temperature

Stars: The stellar spectrum defines the daylight spectrum of the orbiting planets. In
case of earth one speaks of the solar spectrum

Declination (deg)

1800K
Betelgeuse

Constellation
Orion__

T
10 . :
| Betelgeuse

Right ascension (hr)

4000K 5500K 8000K 12000K
Sun

Mak127/1540 - Nikon Coolpix 4500
Hama-Trickfilter "Andromeda" parallel

16000K
Rigel

Beteigeuze
Rigel

— Impact on astrophysics and astrobiology
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2.7 Colour Temperature

MacAdam ellipses

10

They indicate how should differ the colour
points of two different light sources so that
these light sources can o8-
be distinguished by their colours. %
All colours inside of the ellipses are 06
perceived by humen eye as identic. Q 0
The disadvantage of the X, y coordinate | % &
system is that same distances do not Q
correspond to same colour differences. 00 0 =
o2} 0 ﬂ& &
0 0°¢
o
0 02 54 016 ols 1-0
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2.7 Colour Temperature

The (u‘, v°) coordinate system C.I.LE. 1976

After transformation of (x, y) coordinates

into (u‘, v¢) coordinates one obtains MacAdam
ellipses approximately equal circles, i.e. the
same geometric distances are equal to the
same colour differences.

The transformation equations are:

B 4x
-2X +12y +3

V= oy
-2X +12y +3

05
Vv
T J
0425405601 g
0N 1 : 600 620
o O ; :
soof © Oy © © Q ' 700nm
03 Q © OO /
490 Q 0
20 07 0 /
02 % o 0 /)
| a0 o O /
/|
0. 270\ ©
460
0 450
01 0238003 04 05 06 07
_)..u
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2.8 Colour Rendering

The light quality is described by colour rendering

Incandescent lamp

) | S _ The spectrum contains all colours
‘ ) N = very good light quality
- ,,-"f : ““‘N“"‘““-""'-\..___— ‘ . .
F A ) Colour rendering index (CRI) = 100 (by
A definition for incandescent lamps)
g — Iy
380 74 Wavelength [nm]
Certain colours are missing in the spectrum,
e.g. yellow colour
Fluorescent lamp d- YETIOW €0 .
= with this light source yellow pigments
B+(2) will be not adequately perceived
Colour rendering index < 100
380 780 . . -
Wavelength [nm] Mathematical description:
IT(ﬂ’) ) pgelb(/l) =0
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2.8 Colour Rendering

An example of bad light quality

The SOX-lamps (Na - low pressure discharge ,
lamps) emits monochromatic light 3 - ; \
(589.0 + 589.6 nm) i.e. in the light of these light / \
sources only yellow colour can be perceived by e R i

human eye.
Colour rendering index is therefore very low

If CCT <5000 K a black body radiator is used
as standard illuminator (reference light type)

Plate 9 Motorway
lighting with low pressure

Reference light type I-(A) e
Incandescent lamp 2700 K

D50 5000 K .
D65 6500 K iy

pressure sodium lamp.
Differences in colour are
visible only as contrasts in

Lit.: Philips Lighting Eindhoven '

Incoherent Light Sources Chapter Lighting Terms
Prof. Dr. T. Justel, FH Munster Folie 39




2.8 Colour Rendering

Determination of the colour rendering index

— r 1 T — 1+ 1T 1
0.8 |- Light grayish red -1 I Light bluish green =
Definition of R, (8 test colours) | ] F .
0.4 —/f _/'/\_,——-:
- 00 / A BT DR B IS RPN S
1ststep: Reflection spectra of 8 test colour samples /T~ [T~ T T T ]
-0 I~ Dark grayish yellow - - Light blue -

are recorded upon illumination of the

test source and of a reference source 0.4 1 F .

o
(=)

2nd step: Following the equations 0. (1)
(1) p,(2) — (U*,v*)
B (4) 0, (1) — (u*,v*)

a colour point distance is calculated

Reflectivity

0.8 | Moderate 3
[ yellowish green ]

3rdstep: R; =100 - 4.6 * distance 0.4 ‘//\’_,‘

0.0 B 1 N R
4thstep: R,=1/8*(R;+... +Ry) 400 500 600 700 400 500 600 700

Wavelength (nm)
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2.8 Colour Rendering

Efficiency vs. colour rendering index (CRI) Lamp type CRI value

Colour rendering index R,

Incandescent 100

Chart of luminous efficacy against colour rendition | Hg low-pressure 80

GLS (150W, 1000h)

Hg high-pressure 50

100 —  heT-halogen (150W, 2000h) Na low-pressure <0
* Fluorescent multi-phosphor (T8, 58W) Na high-pressure 20
e——Ceramic M-H (150W)

80 = *~Fluorescent triphosphor (T8, 58W)

60 * Improved colour rendering HPS (150W)

sl HPMV (125w, 3500K)

High output HPS (150W)
20
0 t : 1 : : : ] . : : |
40 SOX-E (131W)
—60
0 20 40 60 80 100 120 140 160 180 200 220

Luminous efficacy (Im W)
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2.8 Colour Rendering
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2.9 Additive Colour Mixing

Primaries: blue, green, red

« The colour impression of a light source
originates from overlapping primary
colours which are part of the emitted
spectrum

« Brightness increases upon addition

» Colourfulness declines

Blue + Red = Magenta

380
Red + Green = Yellow
3
2 2 Green + Blue = Cyan
= B
Light sources, Displays
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2.10 Subtractive Colour Mixing

Primaries: cyan, magenta,

« The colour impression of a pigment
originates from selective absorption of a
given colour from the spectrum of a white
light

« Brightness decreases upon addition

e Colourfulness increases

Yellow + Cyan = Green

Yellow + Magenta = Red
= x
& S Magenta + Cyan = Blue
o 2
=
Paintings, Colour printer
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