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Nonorthogonalify between ELF Modes
in the Earth-Ionosphere Cavity
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T. INTRODUCTION

For extremely low frequency {ELF) wave propagation in the Earth-lonosphere cavity, the

problem is usually treated by a residual mode theory, which has the advantage that only the

lowest zero-order mode exists, whereas the higher non-zero-order modes can be neglected due
to Fast attenuation (Wait, 1970, p. 164; Galejs, 1972, p, 243). The existing mode theory is also
based on the assumption that the surface impedances at the lower lonosphere boundary were
equal for ail modes, or equivalently, all modes were considered to be orthogonal (Wait, 1970,
p. 159; Galejs, 1972, p. 81).

Since nonorthogonality between ELF modes has never been studied, this report is to revise
the ELF mode theory for the more realistic nonorthogonal case. Also derived is a rigorous
mathematical criterion, which determines the significance of ajil ELF modes as compared with
a designate mode. '

As a first insight of the problem, only an ideal homogeneous and isotropic Ionosphere is
comsidered; and the Earth is assumed to be perfectly conducting.

In Section 2 the present mode theory is reviewed. In Section 3 the theory is revised for
nonorthogonal modes and the criterion to determine -the significance of modes is established.

Finaily, numerical results are presented with discussions followed.

TI. REVIEW OF MODE THEGRY

To formulate the problem of ELF i)ropagation, a spherical cavity is considered, which is
bounded below by the Earth and above by a homogeneous isotropic Tonosphere. The cavity is
assumed to be vaccume with permittivity € and height A The Earth with radius a is charac-
terized by conductivit'y o, and permittivity ¢, while the Jonosphere has conductivity ¢; and
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it is impossible to consider the nonorthogonality properties. This is easily seen form ¢39) and

{41). If more than one mode is significant, then it is not necessary to introduce such an extra
insignificant mode. :

From Fig. 9 it is also noted that the relative errors do not depend on #. Since E, of

fhe a=1 mode is extremely small as comparedl with that of the n=0 mode, from (42) it is

seen that the difierence in [ E, |, and | E, |, is due to different values of D,,, which, as obtained

' from (41) is independent of f. The independence of the relative errors in ¢ may not be true

if more than one mode is significant. .
The excitation factor for the nth mode is defined as (Galejs, 1972, P. 93):

A= K Tontia (49)

By combining (26) with. (49), it yields
' Ay=2kka sinly,2)z, (4§D, - . (50)

(50) shows that the excitation factor is directly proportional to D,. Since only the lowest
_mode is signigicant, the difference between | E, |, and | E, |, is due to the difference in D,
Thus nonorthogonahty will reduce the value of the excnauon factor, This reduction is the
same as the relative error in | E, |.
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