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For testing of satellites under simulated solar
environment an essential condition is to subject the
test item to radiation which approximates the extra-
terrestrial solar radiation. If the surface of the test
object is black or grey, that is, if its absorbance is
the same, either unity or a constant less than unity, for
all wavelengths, it is sufficient to simulate the solar
radiation for total energy. Since most test objects do not
satisfy this condition of constant absorbance, the simulated
radiation should correspond also spectrally to that o7 the
sun. Hence it is necessary to know the wavelength distribution
of solar irradiance outside the earth's atmosphere. The solar
spectral irradiance has been the topic of extensive study over
the past sixty years and authors have proposed widely different
curves for the sun's spectrum.

To a first rough approximation all these curves show
some resemblance to that of a blackbody. The curve rises
sharply from near zero at 0.2y to a maximum of about 0.2
W cm~2 u~l near 0.47u and thereafter drops gradually to zero.
Hence arises the question of an equivalent blackbody tempera-
ture of the sun. The spectral energy distribution of a black-
body is given by the well known Planck's equation,
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where A is the wavelength, PK d\. is the irradiance in the range

A to A + d\, T is the temperature in degrees Kelvin, and Cl and

C2 are constants. The energy absorbed by unit area of a test

sur face is
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where PK is the incident spectral irradiance and ak the

spectral absorbance of the surface.

The assumption of a blackbody curve for the solar
spectrum in convenient and adeguate for many purposes.
E of equation (2) can be readily computed if PX is given

by equation (l): For most surfaces oy changes smoothly

with wavelength, without sharp discontinuities. The
assumption of a blackbody curve has also a theoretical
justification since the photosphere of the sun becomes
totally opaque within a relatively small depth of 50 km.
The two major factors which cause a departure from black-
body spectrum are Fraunhofer absorption in the reversing
layer and reddening of the spectrum near the edge of the
solar disc.

Of the three parameters on the right hand side of
equation (1), €., € and T, only the temperature T is of
significance for the spectrum. Cl is determined by the
solar constant S;
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varies reciprocally with F. Hence arises the question

o% the effective blackbody temperature of the sun.

In textbooks of physics and astronomy it is often stated
that the blackbody temperature of the sun is about 6000°K.
It had long been recognized that this value,based on early
Smithsonian measurements, is too high. It was also felt that
the extraterrestrial spectrum of the sun was not known with
sufficient accuracy to permit a more precise evaluation of the
sun's temperature. The solar spectral irradiance curve most
widely accepted in the U. S. until recently was the one pro-
posed by F. S. Johnson?. It is based on a revision of the
Smithsonian data and assumes a blackbody distribution of 6000°K
for the infrared range; hence it would be begging the question
to derive a blackbody temperature of the sun from this curve.

A group of Goddard experimenters have proposed a new
solar spectral irradiance curve.3 It is based on measurements




made at an altitude of 38,000 feet from a jet aircraft,

NASA 711. A wide spectral range which accounts for 99%

of the sun's energy was covered with a group of five
instruments: a Perkin-Elmer monochromator, a Leiss mono-
chromator, a filter radiometer, a polarization interferometer
and a Michelson interferometer. These were the first direct
and detailed measurements of the solar spectrum, especially
for the wavelength range beyond 0.7u where water vapor is a
major absorbent and ground based measurements are highly
inaccurate.

The Goddard curve has been used for a new evaluation of

the effective blackbody temperature of the sun. Let sz be

the spectral irradiance of the sun at wavelength A, and let

B ;
PX (T) be the spectral irradiance at the same wavelength due

to a blackbody at temperature 7§, such that
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In other words, P - is the ordinate of a blackbody curve
normalized to the solar spectrum.

Let a function AP(T) be defined by the equation
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The value of 7T for which AP(T) is a minimum is the effective
blackbody temperature of the sun. The normalized blackbody
curve at this temperature gives the closest fit to the experi-
mentally observed solar spectrum.

The NASA 711 solar spectrum gives the solar irradiance at
163 discrete wavelengths. A computer program was developed to
perform the following operations involving numerical integration.
A normalization factor C is determined from the equation
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