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POWER SPECTRUM OF WAVES SCATTERED BY AN IONOSPHERIC LAYER
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The purpose of this paper is to
study the scattering behavior of radio
waves passing through irregularities in
the ionospheric medium. The study is
based on the diffraction theory given
by Ratcliffe' considering the incident
as well as the scattered waves in an
elementary scattering layer as plane
waves with a spectrum of angular
distribution, It is found that the
formal relations between the incident
and scattered field spectrum and
between the incident and scattered
power spectrum are as follows:
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where
t = time
z = the axis perpendicular to the
elementary scattering layer in quéstion
zb = characteristic impedance

of the medium
kx'ky = component wave numbers
in x-y plane

et'é; =“total incident and

scattered wave spectrum
Ps = scattered power spectrum

7(z,k’',k',k ,k ) = the Fourier
x'y''x"y
transform (in k;,k;) of the scattering
function T(x,y,z,kx,ky), which

represents the field intensity at a
point (x,y,z) produced by scattering of
an incident plane wave of unit amplitude
with directions given by kx and ky.

Equations (1) and (2) involve no
dotailed specifications of the medium
by assuming simply the existence of
scattering function, In the ilonospheric
irregularity problem, the appropriate
scattering function is?
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where n1 is the deviation of the
refractive index from its mean, H is a
complicated distance function, and 0 is
the polar angle between the wave direc-~
fion and the z axis,

With the expression of Equation (3),
the formal relations of Equations (1)
and (2), after taking statistical
averages, become:
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. where
1k = magnitude of the refractive
index fluctuation
r ,r ,r = characteristic scales
x'y -z

of the irregularities along x,y, and z
coordinates, respectively
L = the thickness of the elementary
layer
1
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® = the azimuthal angle of the
wave,

In a special case where the
incident wave is a uniform plane wave,
it can be shown that Equation (4)
reduces to a form that checks with
known results?. Equation (4) may
prove to be useful in single scat-
tering problems where the incident
wave subtends an appreciable incident
angle (example, radio star Cassiopeia
A), and in multiple scattering prob-
lems where the further scattering
effect of those waves being already
scattered becomes significant, As a
matter of fact, the formal relations
given in Equations (1) and (2) do not
involve any specific detail of the
medium. Therefore, the wave propaga-
tion and scattering behavior described
by the relations may as well be
applicable to a general class of
problems other than the ionospheric
irregularity problem just mentioned,
Two particular cases are the problems
concerning communications in the
interplanetary space and the problems
concerning the radio observation of
nuclear bursts.
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