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This model is a test of calculations the normalized black body and visual response distributions
and the physical constants used to provide physically meaningful results. The curve on page 2
will be compared with a curve in the RCA Electro-Optics Handbook ( pg 41 ), they should be
identical if the algebra is correct.

For calculations such as the transmissions of several components in series the peaks of the
band pass curves may be normalized to 1, then the shape of the transmission function is given
by the product of the bandpass curves. When the calculation involves black body radiation, the
shape of the excitation curve as well as the amplitude change with temperature. The result of
this calculation is the "illumination efficacy and efficiency" of a black body as a function of
temperature. It is necessary to account for the amplitude change with an equation that
describes that change, as well as the normalizes black body equation.

set up of the calculations

EAmax == 680-nanom  EAp;i, := 400-nano-m range of visable wavelengths

Trnax = 20- 10°K Toin = 2.10°K the range of color temperatures
N = 50 number of calculations - 1
1, Trmax the spacing between adjacent color
R 10@ AT R = 0.556K temperatures is geometric, R is the ratio
count:= 0..N calculation counter
Teount == T R color temperature for the calculation

calculations of luminous efficacy and luminous efficiency

EAmax Product of normalized black body distribution
PEqount = BB, (A’Tcoum).ws(/\) dA  for T=T.count and visual response. This
EAmin equation only incorporates the shape change

of the black body spectrum with temperature.

Typical_Units:= micronsI

The quotient is the ratio of the peak spectral

M eak(Tcount) radiance to the total radiance. The peak spectral
count ‘= 1 Ecount radiance is the quantity needed to account for the
G'(Tcount) amplitude change of the black body curve. The total

radiance in the denominator makes this a power
efficiency quantity.
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Plot of luminous efficiency versus color temperature for a perfect black body source
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Teolor := 6600-K the peak color temperature estimated from the graph
EA
M peakl T col mex Im
best = KL.M. BB, (A, Teoior)- VIS(A) dA best = 93.967

4
6 Teolor EAmin

the RCA handbook gives 95 Im/W for the quantity | call best

This is not the peak of the visual response curve,
Apeak(Tcolor) = 0.439micro-m demonstrating the need to account for both black body curve
shape and amplitude for calculations similar to this.
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constants and conversions

h=6.62610 Js Planck's constant

k=138110 23Kk ! Boltzmann's constant

g=1.60210 ¥ electron charge

eV = 1.602.10 °.3 electron volt

c=299810% msec ! speed of light

6 =567010 Sw.m 2K * Stefan-Boltzmann constant

KL =673 ImW" ! luminous efficacy @ 555 nano meters
milli =102 micro=10"° nano = 10 ° picoElo_12

micron = micro-m nm=m10°
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GLOBAL DEFINITIONS OF BLACK BODY FUNCTIONS

spectral radiant exitance

2
M, (A, T) = Zmhc

hc 2 1"
5| kT Typical_Units:= W-m “-micron
A\et -1

Wein's displacement law This gives the wavelength of the peak

of the black body spectrum at temperature T

Aver(T _ 288 micro-m-K 1
peak(T) = T cro-m Typical_Units:= micron

spectral radiant exitance

at black body peak This gives the spectral radiant excitance of the peak
of the black body spectrum at temperature T
Mpeak(T) = M3 (A pea(T), T) '

Typical_Units:= W-m~ 2

normalized black body
This gives the spectrum, normalized to a peak of 1,
Mk(k T) of a black body at temperature T

BBA(}\.,T) = M—('I')
peak

Units:= dimensionless'

black body total radiant excitance This gives the total radiant power emitted from a

black body at temperature T.
BBP(T) = T The proof is left as an exercise for the engineer
with too much time on his/her hands.

]
Typical_Units:= W-m~ 2

radiant exitance

A+ B This gives the radiant excitance over a
( ) B 2 ( ) passband with
MR, A%, T) = My \&.,T) dh center wavelength = A
AL

il band width = AX
for a black body spectrum at temperature T
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GLOBAL DEFINITION OF PHOTOPIC VISION CURVE

lamda =

vision = cspling(lamda, photopic)
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photopic =

VI1S(color) = interp(vision, lamda, photopic, color)

V1S(500-nano-m) = 0.323
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