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Calculation of Luminance between delta wavelengths
depending on temperature in different bands
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Abstract

In this work the classical blackbody radiation theory and a statistical analysis were
used to determine the relative advantages of single-band and two-band data
acquisition. We calculate the Number of photon and present the difference of
luminance for two (or many) wavelength under different temperature at different
bands. Mathematical analysis has been implemented by calculates the irradiance using
Planks law to find the error with the temperature and the wavelength for different
acquisition time and many geometry. The relationship between wavelength and
monochromatic intensity of blackbody radiation is expressed in mathematical way.
We plot monochromatic energy density of blackbody radiation at different
temperatures as function of the wavelength. The relationship between wavelength and
monochromatic intensity of blackbody radiation is expressed in mathematical way
and by plotting this relation at different temperatures. We conclude that by created
two vectors first on the delta wavelength and the second on the same wavelength, the
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size of this new vector its distribution between the beginning and end of a linear must
be absolutely the same size as the temperature vector. The shape of curves of
monochromatic intensity is like the shape of distribution function of Maxwell. One
can use this method for calibration or find any missing value of these factors.

1. Introduction

In this study mathematical analysis has been performed using planks
law to find the error with the temperature and the wavelength for different
acquisition time and many geometry, classical blackbody radiation
theory, published atmospheric transmission data, and statistical
analysis were used to determine the relative advantages of single-band
and two-band data acquisition by calculates the exact irradiance
according to Planck's law and from the reduced curves without neglecting
the fundamental point of comparison between the wavelengths and fixed
delta wavelength then our choice of determining the luminance according
to wavelength and temperature integral method. For this we create two
vectors first on the delta wavelength and the second on the same
wavelength.

2. Modeling studies

Planck's law describes the spectral distribution of the radiation from
black body the Radiant emission of an object that absorbs all incident
radiation, is a perfect radiator. The energy emitted by a blackbody is the
maximum theoretically possible for a given temperature. The radiative
power (or number of photon emitted) and its wavelength distribution are
given by the Planck radiation law [1].

2mhc?
W, = — w/ (em?.um) .o (1)
2 [exp |55 1]
WA, T) = ZREC Photons/ (s.cm?.um) ..........ccooeiiiiiinnn, (2)
A‘*[exp [m —1]
Where: A= wavelength (um), T = temperature (K)

h = Planck’s constant=6.62617*103* (j.sec), ¢ = velocity of light

k = Boltzmann’s constant=1.38054*10** (W.sec/K)

The latter is given by the Wien’s displacement law which gives the peak
of the spectural emittance curve by the following equation:

Amw T=2898 um.K for maximum watts, A mp,T=3670 um.K for maximum
photons,
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The changes of W, with differential changes in T can be expressed as [2]:

W _ CyCpe /AT W _
9T Cz 2 ’ 9T
A6T2<e n_1>
C,e 2hT
.e
W, e JT VU 4)

2
AT2<eC2/AT—1>
The well- known Stephan- Boltzmann law
W=["Wadd=0T" ... (5)

Where (o) is the Stephan- Boltzmann constant=5.67*10"'? (w/cm2.K*)
The maximum value of spectral radiance emittance can be calculated by:
Wym =BT® ..., (6)  Where B=12862*10" (W .cm? p'!
K>)

We must define the Irradiance, when an object absorbs radiation; it
warms up then, radiation "carries" energy. The amount of energy carried
by the radiation is called the irradiance. It also represents the rate at which
the energy is "delivered" by the wave and how "concentrated" the energy
is. We need a term that is independent of time and area. That is why we
are using the irradiance, which is the rate that energy passes through a
certain cross-sectional area. Consequently, irradiance will have units of
Joules per second per square meter; irradiance will have units of Watts per
square meter (W/m2). The solar irradiance (the irradiance from the sun) is
about 1367.6 W/m2 just outside the atmosphere. This value is known as
the solar constant [3]. Emissivity (¢), the radiation from real sources is
always less than that from a blackbody. It is a measure of how a real
source compares with a blackbody. It is defined as the ratio of the radiant
power emitted per area to the radiant power emitted by a blackbody per
area. The directional spectral emissivity € (0,p,A,T) it is a wavelength and
temperature dependent. If the emissivity does not vary with wavelength
then the source is a “graybody” [4].

3. Results and discussion

As the self- emitted radiation is a function of the object's temperature,
it is useful to inquire how W, changes with differential changes in T. By
calculate the exact irradiance according to Planck's law and from the
reduced curves without neglecting the fundamental point of comparison
between the wavelengths and fixed delta wavelength. For this we created
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two vectors first on the delta wavelength and the second on the same
wavelength.

We choose two bands in the IR region. These bands are 3-5 um
and 8-12 um we choose: - Tmin = 300 k, Tmax = 673 k, the increment of
temperature Delta T = 20, Choice of center wavelength in microns
Lambda = 0.5, Choice of value of increment of wavelength Delta
Lambda = 0.01, the maxima of transmission on the center wavelength is
1 [5]. Figures (1, 4) show the relation between transmission and the
vector of the wavelength is the same size as T. Figures (2,5) show the
relation between luminance and wavelength and temperature. Figures
(3,6) show the relation between luminance and the vector of wavelength
and temperature.

in the region 3-5 micron meter

transmission
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Figure (1):- the relation between transmission and the

vector of the wavelength
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Figure (2):- the relation between luminance and
wavelength and temperature.
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Figure (3):- the relation between luminance and the
vector of wavelength and temperature.

In the region8-12 pum the figures: -
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Figure (4):- the relation between transmission and
the vector of the wavelength
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Figure (5):- the relation between luminance and
wavelength and temperature.
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Figure (6):- the relation between luminance and the
vector of wavelength and temperature.

We take any arbitrary region of wavelength for any value of temperature
and plot the relation between luminance and wavelength and temperature.
Let we have Tmin=773, Tmax=1673, the region of wavelength (1-20)
pm.

luminance at the center of wavelength as a function to tau.

Lurrinance in VWm2/rmyK/sr

1000

vector of wavelength Temprature in k

Figure (6):- the luminance at the center of wavelength
a function to vector of wavelength and temperature.
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Now to calculate the monochromatic energy density function [6]: -
for any arbitrary value of temperature we plot the energy density function
as function to wavelength as in figure (7). We can compare this figure
with figure (8).

% 16° Energy density function as afunction te wavelength
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Figure (7):- the energy density function as function to
wavelength
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Figure (8):- Shape of a Maxwell distribution function and
its symmetric and anti-symmetric parts [7].
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4. Conclusion: -

From the presented figures by calculating the number of photon the
difference of luminance for two (or many) wavelength under different
temperature at different bands, we conclude that by creating two vectors
first on the delta wavelength and the second on the same wavelength, the
size of this new vector its distribution between the beginning and end of a
linear must be absolutely the same size as the temperature vector and the
values of luminance are differs from band to band according to change of
vector distribution and temperature difference, while in a wide range of
wavelength the luminance have a large peak at the center of wavelength as
a function to vector of wavelength and temperature. In the case of energy
density concluding that if shape of each curve of monochromatic intensity
1s in comparison with the shape of distribution function of Maxwell, the
form of monochromatic intensity curve is in the form of distribution
function likely
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