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Figure 24;:

a)
L)
c)

dielectric

vacuum

Complex propagation constants (k{w) = B{w) - ia(w)) and transverse
electric field of the two fundamental waves on a dielectric single
material fiber waveguide. All frequencies are normalized to the
support.  thickness a. The fiber material is defined by
£=1,5¢(l -i0.0}), U= Ky, T = 0 and the circular waveguide
is assumed to be infinitely conducting

propagation constants for the x and y polarized waves at kg = 7
electric field of the x polarized wave

electric field of the y polarized wave
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3.3 High frequency domain

- accelerating rf-cavities, rf-seperators, data transmission lines -

At high frequencies there is no term in Maxwell's equation that one ecan ne-
glect and we obtain the Maxwell's matrix equations from the general form (17)
and (18) - or from table 1I - by replacing the vectors by their complex pha-
sors:

(59) R

lo¢

= - iy

T
{o+ |ov

(60) R

o+
+

‘<U
lo+
+

| [N

= iw

=

£

We can easily eleminate one of these two equations and obtain:

(61) . IR (wDe+ D R4 iw1lB = [R (iw0e+ 07" Iy
Fad
(62) [RR~w? D +iwb]3 uiwsma

We could have alsc chosen any other set of table II to obtain similar equa-
tions but the easiest and most evident form with respect to w is eq. (62} with
vhich ve will continue here.

We first distinguish between driven problems n%w £0, w =uwg) and eigenvalue
problems AMa = 0, w = unknown). From equation (6Z) we could in principle ob-
tain the electric field for any given Ma driving term but it turpms out that
this large and fully complex system of linear equations is hard to solve, Even
if we used loss free material (egreal, y= 0) it is clear that (62) will be
difficult to solve for frequencies near to eigenfrequencies, Physically this
is the problem of driving a loss free resonator at resonance. Mathematically
the difficulty is hidden in the fact that the diagonal elements decrease below
the limit of being diagonally dominant, Most of the iterative methods do not
work in this case, A better way of solving such problems is the time domain
approach described in the next section.

Probably more important in higb frequency technology are the eigensolutions of
Maxwell's equations, e.g. resonant fregquencies of resonators and dispersion
relations for wavequide structures.

The general form of the eigenvalue equation reads:

~
(63) (RRI €= w De@- iwDy2

This nonlinear eigenvalue problem is not easy to solve not least owing to its
complex form, Since for mest of the technical applications the less term due
to the non-zero conductivity may be obtained by perturbation theory we neglect
for a while Dy and obtain:

wl n =1
Mm\umem\w e = w' e,

fo+
n
k=
©
(=]
f¢i]
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