





ON THE PLANE PARALLEL REPRESENTATION IN
ATMOSPHERIC RADIATION TRANSFER

Recently the problem of daytime transport of resonance radiation in the earth’s
atmosphere has been solved by approximating the scattering medium by a plane parallel
layer (e.g. by Donahue and Fastie (1), Donahue (2), and Donahue and Meier (3). The
purpose of this report is to examine the validity of this approximation.

An atmospheric distribution can be represented as plane symmetric if its scale
height is small compared with the radius of the earth. Then the integrated density at a
zenith angle ¢ and altitude z, ¥(z,8), can be written as

N(z,0) = N(z) sec @ (1)

where ¥ (z) is the vertical integrated density. To see when this “secant” approximation is
valid, an exponential density model (p (z) = e /" ) and a power law model (p(z) =2"") were
integrated numerically and compared with Eq. (1). The exponential case is illustrated in
Fig. 1, where the percent error of the secant approximation is plotted as a function of
scale height (in units of earth radii) and zenith angle at the surface of the earth. The
power law case is shown in Fig. 2 with »n as the ordinate.

These geometric limitations are, however, somewhat masked in the solution of the
radiative transfer equations because of the complex functional dependence on optical
depth. This can be exemplified by comparing the plane parallel source function and in-
tensity with the n = 3.25 spherically symmetric power law model used by Thomas (4) to
approximate the hydrogen geocorona. The total vertical optical depth (-, ) is 1.5. The
plane and spherical initial source functions (due to direct excitation by solar radiation)
are shown in Fig. 3 as a function of vertical optical depth for various zenith angles. The
final source functions (including both the direct and multiply scattered excitations) are
given in Fig. 4. The overhead intensities for these models are plotted in Fig. 5. All of
the above functions are in units of {(= F,), v# Ay, where (= F,), is the solar photon flux
at frequency v and Av, is the Doppler width,

At a 60 degree solar zenith angle the plane and spherical solutions are closest. This
is fortuitous because at that zenith distance the solar flux has been sufficiently attenuated
to compensate for the large plane parallel optical depth. It is to be noted that Fig. 5
shows only overhead intensities. Discrepancies between plane parallel and spherical
solutions are minimum in that direction.

It is clear that, even though the error in the secant approximation is tempered by
the radiative transfer equations, quantitative conclusions drawn from the plane parallel
representation are somewhat tenuous for extensive distributions, such as geocoronal

hydrogen.
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Fig. 3 - Initial source function for the plane parallel and
spherical power law (n = 3.25, 7, = 1.,5)
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Fig. 4 - Plane parallel and spherical
source functions
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