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Diffraction effect correction of solar radiometer
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Abstract: Solar radiation measurement is one of the important way to study solar activity and evolution of
Earth’s climate which is of great significance to the sustainable development of human society. As one of the
main sources of systematic errors in the measurement diffraction effect must be accurately corrected so as to
improve the reliability of the measurement data. China has little research on the diffraction effects in solar radi—
ometers and there are currently no related corrections. With the increase demand of the accuracy of solar ra—
diation measurements it is necessary to systematically study the diffraction effect. Firstly the diffraction effect

theory is studied. According to the Kirchhoff diffraction theory as well as the Gaussian optical approximation
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the energy transfer relations between points and points points and faces and between faces is gradually deter—
mined and the general formula of diffraction effect is derived. Then a simplified calculation method is ob-
tained according to the asymptotic property of the diffraction effect. The diffraction effect of the Solar Irradia—
tion Absolute Radiometer( SIAR) and the diffraction correction factor are then calculated through a simplified
method. Finally based on the diffraction correction results the scaling factor relative to the World Radiation
Reference( WRR) is calculated. As a result the diffraction effects and diffraction correction factors of SIAR
are about 1. 002 742 and 0. 997 225 respectively. In addition the calibration coefficient of SIAR for WRR is
closer to 1 indicating that the diffraction correction reduces the systematic error and improves the accuracy of
the radiation measurement.
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Tab.1 Diffraction effects in some radiometers
Instrument R, /mm dy/mm R,/mm Correction
PMO6V 4.25 95.4 2.5 1.001 280
DIARAD 6.52 144 4.001 5 1.000 833
ERBE 12.09 100.8 4.039 1.000 209
ACRIM
Bafl 6.654 8 150.469 6 3.987 8 1.000 828
Baf2 6.3119 76.352 4 3.987 8 1.000 466
Total 1.001 295
TIM 3.989 4 101.6 7.62 0.999 582
2 107 ~10°°
L(u v)
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2
Tab.2 Diffraction effects by using simplified method

I Cog=F-1 g
RMO6V 1.001 229 0.001 299 +0.000 010
DIARAD 1.000 807 0.000 807 -0.000 026
ERBE 1.000 204 0.000 204 -0.000 005
ACRIM Bafl 1.000 793 0.000 793 -0.000 035
Baf2 1.000 450 0. 000 450 -0.000 016
Baf3 1.001 242 0.00 1242 —0.000 053
TIM 0.999 577 -0.000 423 —-0.000 005
M6
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Tab.3 SAD parameters of the SIAR
R/mm dy/mm ( ) ry/mm
Ap, 5.75 100 4.00
Ap, 5.40 80 4.00
Ap; 5.05 60 4.00
Ap, 4.70 40 4.00

Aps 4.35 20 4.00
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( 14) Tab.5 Diffraction effects uncorrected WRR Factor
4 o SIAR WRR Factor| WRR Faotor |
SIAR2C 0.998 949 0.001 051
4 SIAR SIAR4A 0.998 445 0.001 555
Tab.4 Diffraction effects in SIAR SIAR4B 0.996 734 0003 266
SIAR4D 0.995 917 0.004 083
F e=F-1
Ap, 1.000 785 0.000 785 SIAR
Ap, 1.000 692 0.000 692
TSI
Ap, 1.000 577 0.000 577 WRR Factor |, = WRR _
Ap, 1.000 435 0.000 435 Cair * TSI gag
Aps 1.000 252 0.000 252 TSI gr . (22)
Total 1.002 742 0.002 742 TST | g5
6 SIAR
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@ Tab.6 Diffraction effects corrected WRR Factor
_ =6
Cow = D, (21) SIAR WRR Factor | WRR Factor |
| SIAR2C 1.001 688 0.001 688
SIAR Cur = F =(.997 265 SIAR4A 1.001 182 0.001 128
SIAR4B 0.999 467 0.000 533
C i SIAR4D 0.998 648 0.001 352
( WRR) »
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TSI, N
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