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Semi-Annual Report

October 1, 1973 - April 1, 1974

During the past six months we have completed an article on the in-

terior radiances within an optically deep absorbing medium scattering

according to the Haze L phase function. The dependence on the solar

zenith angle, the single scattering albedo, and the optical depth within

the medium is calculated by the matrix operator method. The develop-

ment of the asymptotic angular distribution of the radiance in the dif-.

fusion region is illustrated through a number of examples; it depends

only on the single scattering albedo and on the phase function for

single scattering. The exact values of the radiance in the diffusion

region are compared with values calculated from the approximate equa-

tions proposed by Van de Hulst. The variation of the radiance near the

lower boundary of an optically thick medium is illustrated with examples.

The attenuation length is calculated for various single scattering

albedos and compared with the corresponding values for Rayleigh scatter-

ing. The ratio of the upward to the downward flux is found to be re-

markably constant within the medium. The heating rate is calculated

and found to have a maximum value at an optical depth of two within a

_Haze L layer when the sun is at the zenith. The location of this maxi-

mum moves toward the top of the haze layer as the solar zenith angle in-

creases and also as the single scattering albedo decreases. When the

single scattering albedo is less than 0.8, the downward flux is so small

within the diffusion region that experimental measurements are probably

not possible.

Our method for calculating the radiance and color of the twilight

sky has been improved and an article on this has been accepted for publi-

cation by the Journal of Atmospheric Sciences. These are the only
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calculations that have been made that include both the effects of re-

fraction on the path of the photon in the earth's atmosphere as well as

the important effect of refractive divergence (change in intensity due to

focusing effects of atmosphere). Spherical geometry is used throughout

these calculations with no plane parallel approximations. Refraction

effects are taken into account through fine subdivision of-the atmosphere

into spherical shells of fixed index of refraction. Snell's law of re-

fraction is used to calculate a new direction of travel each time that a

photon traverses the interface between layers. Five different models of

the atmosphere were used: a pure molecular scattering atmosphere;

molecular atmosphere plus ozone absorption; three models with aerosol

concentrations of 1, 3, and 10 times normal together with molecular

scattering and ozone absorption. The results of the calculations are

shown for various observation positions and local viewing angles in the

solar plane for wavelength in the range of 0.40 to 0.75 .

We have extended the matrix operator method to calculate the com-

plete Stokes matrix for an inhomogeneous atmosphere. This has been

applied to the calculation of the radiance, polarization and ellipticity

of the radiation in the earth's atmosphere as the aerosol amount in the

atmosphere varies. The calculations are complete and the results are

being analyzed.

The matrix operator method has been used to calculate the radiance,

polarization, and ellipticity of the radiation scattered from homogeneous

layers scattering according to the Rayleigh phase function and according

to the Haze L model. The results have been calculated for layers of

various optical thicknesses up to 16. These calculations are complete

and the results are being analyzed.
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Work has begun on reducing the results of high dispersion spectro-

scopic observations of Venus. These results include almost 3000

measurements of the lines in the carbon dioxide band at 8689 A and almost

2000 measurements of the carbon dioxide lines at 7820 and 7883 A. These

observations can be used to study the variation of the cloud top temper-

atures on Venus.
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