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Wavelength Dependence of the Spectral Irradiance of Standard
Lamp and Bi Reflection Distribution Function of Diffuser Based on
Standard Detectors
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Abstract In the normal spedral radiance calibration of the internal illumination integrating sphere based on the
spectral irradiance of the standard lamp, a deviation changing with wavelength exists in the ratio of instrument s
spectral radiance responsivities derived by two methods. The absolute radiance and irradiance radiometers based on
the standard detectors are built up. By calibrating standard lamp of spectral irradiance and standard diffuser with
these apparatuses at four wavelengths, it is found that the actual spectral irradiance of the standard lamp is greater
while the actual bi-reflection distribution function ( BRDF) of the diffuser is smaller than the self calibrated value.

After correcting the standard spectral irradiance and BRDF to the spectra radiance of the integrating sphere and the
instrument s spectral radiance responsivity, the ratio derives to constant 1. Analysis shows a combined standard
uncertainty of 0. 884% ~ 1. 217% for the spectral radiance and 0. 768% ~ 1. 136% for the spectral irradiance
measurement at the four wavelengths.
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1

Table1 Radiance calibration of the standard lamp and the standard diffuser radiance source by

absolute spectral radiance radiometer

0612008-4

E( ) of Ry( ) of B () calibrated
Spectral
standard BRDF of the absolute by the absolute
radiance . Signal .
Wavelength / lamp at the standard B ) radiance  Bandwidth / Su( ) / radiance B( )/
nm 500 mm / diffuser / W s radiometer / nm ' radiometer / B ( )
cm” A
(W em? s (A mm? ! (W em?
st ! nm™!)
nm~ ') st W-1) st™' nm™')
280 0. 0563 0.3105 0.0175 0. 0063 15 0. 015 0.015873 1.1
313 0. 206 0.3117 0.0642 0. 0203 10 0. 12 0.059113 1.09
352 0. 6398 0.3129 0.2002 0. 0175 10 0. 333 0.190286 1.05
365 0. 8712 0.3131 0.2728 0.014 25 0. 898 0.256571 1.06
2 650 mm
Table 2 Spectral irradiance calibration at 650 mm from the standard lamp by absolute spectral irradiance radiometer
E( ) of Ri( ) of E () calibrated
standard the absolute by the absolute
Wavelength / ] Bandwidth / Signal ) )
lamp in irradiance irradiance EC)/E ()
nm nm Se( )/ A
650 mm / radiometer / radiometer /
(W e ?2 nm™ Y (A mm? W-h (W cm? nm !
280 0. 0333 2.7809 15 0. 0142 0.034042 0. 978211
313 0. 1219 8. 9675 10 0. 1115 0.124338 0. 980393
352 0. 3786 7.7152 10 0.2979 0.386121 0. 980522
365 0. 5155 6. 1795 25 0. 8171 0.52891 0. 974646
3 BRDF
Table 3 Variations of irradiance of the standard lamp and BRDF of the standard diffuser
E () a 650 mm B () calibrated Variation of
True E( ) True BRDF
calibrated by the absolute spectral Variation of
of standard ) of the
Wavelength / by the absolute radiance irradiance BRDF of the
lamp at standard
nm irradiance radiometer / of the standard
. 500 mm /( W diffuser / )
radiometer /( W (W cm? standard diffuser /%
em™? nm™ ) sr !
em™® nm™h) st nm™ ") lamp /%
280 0.034042 0.057531 0.015873 0.275904 2.23 - 12.55
313 0.124338 0.210131 0.059113 0.281315 2. 00 - 10.81
352 0.386121 0.652544 0.190286 0.291606 1. 99 -17.31
365 0.52891 0.893858 0.256571 0.287038 2. 60 -9.08
5
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T able 4 Combined standard uncertainties of radiance and irradiance measurements
. Spectral radiance measurement Spectral irradiance measurement
Source of uncertainty
280 nm 313 nm 352 nm 365 nm
M easurement
) repeatability of 0. 20%
Filter
Lambda950
Approximate bandw idth 0. 50% 0.30% 0.30% 0. 90%
Stray light 0.1% 0.3%
Standard detector 0. 55% 0.50% 0.28% 0. 24%
Temperature 0.015%
H umidity 0.004%
Solid angle distance 0.75% 0.54%
Combined standard uncertainty 1.08% 0.987% 0.976% 0.873% 0.884% 0.768% 1.217% 1.136%
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