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45“9 Designation: E 490 - 73a

Standard Specification for

SOLAR CONSTANT AND AIR MASS ZERO SOLAR
SPECTRAL IRRADIANCE!

This Standard is issued under the fixed designation E 490; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of lust revision. A number in parentheses indicates the year of last

reapproval.

1. Scope

1.1 This specification defines the solar con-
stant and the zero air mass solar spectral
irradiance for use in thermal analysis, thermal
balance testing, and other tests of spacecraft
and spacecraft components and materials.

1.2 This specilication is based upon data
from experimental measurements made from
high-altitude aircraft, balloons. spacecraft, and
the earth’s surface. The stated accuracies are
based on the estimated accuracies of the mea-
surements, calibrations, and radiometric scales.

2. Applicable Documents

2.1 ASTM Standards:
E 349 Decfinitions of Terms Relating to
Space Simulation?

3. Definitions of Terms

3.1 air mass (optical air mass) (AM)—the
ratio of the path length or radiation through the
atmosphere (/,,) at any given angle, Z deg, to
the sea level path length toward the zenith (1,).

AM = I /I, = sec Z, for Z < 62 deg

Symbol: AM1 (air mass one), AM2 (air mass
two) ;

3.2 air mass zero (AMO)—the absence of
atmospheric attenuation of the solar irradiance
at one astronomical unit from the sun.

3.3 astronomical unit (AU)—a unit of
length defined as the mean distance between the
carth and the sun that is, 149 597 890 + S00
km).

3.4 irradiance at a point on a surface (E)
-—quoticnt of the radiant flux incident’ on un
element of the surlace containing the point, by
* the arca of that clement, measured in W.-m~2,
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3.5 irradiance, spectral (Ex)—the irradiance
per unit wavelength interval at a specific wave-
length, or as a function of wavelength measured
in W-m-2.ym-1,

3.6 integrated irradiance—spectral irradi-
ance integrated over a specific wavelength
interval from A, to A, measured in W-m~-2
Symbol £, ., = };‘f EydX

3.7 Additional definitions will bc- found in
Definitions E 349. :

4. Solar Constant

4.1 The solar constant, based on the average
of the values shown in Table |, is 1353 W.m -2,
The estimated error is =21 W-m 2

4.2 Table 2 summarizes the results in differ-

.ent units, and Table 3 presents the total solar

irradiance at various planetary distances from
the sun.

5. Solar Spectral Irradiance (Air Mass Zero)

5.1 The zero air mass solar spectral irradi-
ance is based on data from the NASA 711
research aigcraft  experiments (1,2,3)° (see
Table 4) with additions and revisions based on
other recent measurements (16). Previously
compiled solar spectral irradiances were based
on ground-based measurements (17 to 25) and
some measurements from rockets (26). Spectral
irradiance data from the NASA Ames Re-
search Center (27) were not included because of

! This specifscation is under the jurisdiction of ASTM
Committee E-21 on Space Simulation.

Current editgon approved Sept. 27, 1973 and Dec. 27,
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calibration uncertaintics. Further discussion on
the methods of calculation and historical infor-
mation can be found in Refs (3,16,28 1o 31).

5.2 Table 5 presents the solar spectral irradi-
ance in tabular form for the range from 0.115 to
1000 ym. The first column gives the wavelength
(A) in pm; the second gives the spectral irradi-
.ance (£y) at Xin W-m~2.gm~"; the third gives
the total irradiance for the range from 0 to A
(Eo-p) in W-m~?% and the fourth gives the
percentage of the solar constant associated with
wavelengths shorter than A (Do ,).

5.3 Table 6 presents an abridged version of
Table 5. F\Igurc I plots the Standard Solar
Spectral Irradiance.

5.4 The irradiance in the range from 0 to
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0.115 pm (ncarly 0.0025 W.m~?) is based on
Hinteregger's results (32). In the 0.14 to 0.20-
gm range, the values are based on Naval
Rescarch Laboratory data (17, 26), which have
been adjusted downward because of data by
Heath (33) and Parkinson and Reeves (34). In
the range from 0.20 to 0.30 um, the values of
the Goddard Space Flight Center curve have
been retained because of confirming Nimbus
satellite data (33). The Epply-JPL data were
used for revision in the range from 0.3 to 0.7
um (9 to 13). The 20 to 1000-gm range (9 to
13, 16) irradiances were computed from the
combined data on the brightness temperature of
the sun from many diffcrent authors as quoted
by Shimabukoro and Stacey (35).
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TABLE 1 Solar Constant

Platform Detector

Solar
Constant,
W-m-?

NASA 7t aircraft Hy-Cal pyrheliometer

NASA 711 aircraft Angstrom 7635
NASA 711 aircraft Angstrom 6618
NASA 711 aircraft cone radiometer

1358
1349
1343
1358

Soviet batloon U. of Leningrad actinometer 1353

U. of Denver balloon Eppley pyrheliometer
Eppley-JPL high-altitude aircraft Eppley pyrheliometer

Muciner VI and VI spacecraft cavity radiometer
JPL balloon cavity radiometer

Average estimated error

1338
1360
1353
1968-1969 1368

1353 + 21
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TABLE 2 Solar Constant Conversion Factors TABLE 3 Solar Irradiance at the Plancts

Solarconstant = 1353 W.m ? (+£2] W.m ?) [preferred Solar Irradiance, W-m ?
unit] Planct
0.1353 W.cm~? 7
1353 mW.cm ?
1.353 x 10%crg-cm-*.s°!
1257 W2
1.940cal-cm~?-min-"'
(2£0.03cal-cm-?-min~")
0.0323 cal-cm-2.5"!
= 4292 Btu-ft-?.h"!
= 0.1[9Btu-ft-?.5°!
= 1.937 Langlcys-min~'

Mcan Penhclion Aphclion

Mercury 9029.0 14309.0 * 6211.0
Venus 2586.0 2621.0 2551.0
Earth 1353.0 1399.0 1309.0
Mars 583.0 709.0 487.0
Jupiter 50.0 2 45.5
Saturn 14.9 16.6 134
Uranus -3.68 4.07 3.34
Neptune 1.496 1.500 1.493
Pluto 0.870 1.556 0.555

The calorie is the thermochemical caloric-gram and is
defined as 4.1840 absolute joules. The Btu is the thermo-
chemical British thermai unit and is defined by the
relationship: 1 Btu (thermochemical)/(°F x 1b) - | cal-g
(thermochemical)/(°C x g).

The Langley., however, is defined in terms of the older
thermal unit the calorie-g (mean), that is, | Lungley = 1
cal-g (mean).cm % 1 cal-g (mean) = 4.19002 J.

TABLE 4 Spectral Irradiance Instruments On Board the NASA 711 Galileo Research Aircraft, Used for Obtaining the GSFC
Curve of Solar Spectral Irradiance (Refs 1, 2, 3)

Wavelength
Range,
pm

Aircraft Window

Instrument Encrgy Detector Type of Instrument Mitesial

Perkin-Elmer monochromator 1P28 tube, LiF prism sapphire 0.3-0.7
thermocouple 0.7-4

Leiss monochromator EMI 9558QA, quartz double Dynasil quartz 0.3-0.7

PbS cell - prism 0.7-1.6
Filter radiometer phototube dielectric thin films Dynasil quariz 0.3-1.2
P4 interferometer ’ IP28 or R136 Soleil prism Infrasil quartz 0.3-0.7
PbS cell - 0.7-2.5
I-4 interferometer thermistor Michelson mirror Irtran 4 2.6-15
balometer
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TABLE 5 Solar Spectral Irradiance—Standard Curve
A = wavclength, um, %
E), = solar spectral irradiance averaged over small bandwidth centered at A, W-m-2.ym~!
E.-) = intcgrated solar irradiance in the waveicngth range O to A, in W.m™?,
D, . ) = percentage of solar constant associated with wavelengths shorter than A, and
solar constant = 1353 W.m ?
Noit—Lines indicate change in wavelength interval of integration.
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TABLE 6 Solar Spectral [rradiance—Standard Curve, Abridped Version
A = wavclength, um,
E) = solar spectral irradiance averaged over small bandwidth centered at A, W-m ™ ?-um™ !,
D,., = pereentage of the solar constint associated with wavelengths shorter than A, and
solar constant = 353 W.m *

A EA Do-a Ex (Do
0.115 . 1x 104 1639
014 03| Bx104 1810
0.16 :23 6 x 104 2006
0.18 1.6 x10-3 2066
0.20 81x103 |’ 2033
0.22 0.05 2074

0.23 0.10 1950
0.24 0.14 1942
0.25 0.19 1882
0.26 0.27 1833
0.27 0.41 1842

0.28 0.56 1783
0.29 0.81 1725
0.30 1.21 1695
0.31 1.66 1712
0.32 2.22 1715

0.33 293 1700
0.34 3.72 1666
0.35 4.52 1602
0.36 5.32 1544
0.37 6.15 1486

0.38 7.00 1427
0.39 7.82 1369
0.40 8.73 1314
0.41 9.92 1235
0.42 11.22 1109
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FIG. 1 Solar Spectral Irradiance.

By publication of this standard no position is taken with respect to the validity of any patent rights in connection
therewith, and the American Society for Testing and Materials does not undertake io insure anyone utilizing the
Standard against liability for infringement of any Letters Patent nor assume any such liability, !




