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Introduction
The problem of complex root calculation can be found in many fields of science. In electromagnetic
and RF engineering, it is commonly related to the calculation of the propagation coefficient of vari-
ous waveguides, resonant frequencies, antenna input impedances, or material characterization. The
problem of multipath root tracing is being addressed in this communication. The self-adaptive com-
plex root tracing algorithm, which was previously utilized for the investigation of various propagation
and radiation problems, is analyzed here for the cases when the traced characteristic bifurcates. A
procedure of multiroute detection is proposed and demonstrated on the coaxially loaded cylindrical
waveguide example.

Problem Formulation
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In this communication, we show that the intro-
duction of the additional algorithm parameter
can influence the shape of the root path. In
the algorithm the user defines the starting point
(z0, t0) and the length of the initial triangle edge
∆r as a single analysis parameter, which corre-
sponds to the accuracy of the obtained charac-
teristic. The starting point is surrounded by the
initial triangle, which forms the basis of the ini-
tial tetrahedron.
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The orientation of this triangle on the complex
plane was fixed (one of the edges was parallel
to the real axis for t = t0). This assumption
was justified because any modification of the tri-
angle orientation does not change the shape of
the obtained characteristic in the case where no
critical points are present – only the configura-
tion of the tetrahedrons inside the chain can be
slightly different. However, this orientation can
be crucial when the critical points appear along
the path. In such a case, this may cause the
algorithm to take a different path after passing
the critical point.
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A phase portrait of the function is placed in
the background to clarify the idea of triangle
arrangement depending on the initial angle.

Numerical Results
The analyzed example considers tracing of the
propagation coefficient of a mode in a coaxially
loaded cylindrical waveguide.

The inner rod relative permittivity is εr = 10
and the structure dimensions: inner radius a =
6.35 mm and outer radius b = 10 mm. The
structure is modeled analytically and the mode
matching technique is utilized to build the func-
tion F (z, t) = 0, where z is the propagation co-
efficient and t represents the frequency.

The value of the initial root, which corresponds
to the propagation coefficient γ = 2.172, was cal-
culated by the standard root finding algorithm
at f = 7 GHz with accuracy δ = 10−12 the re-
gion Ω was considered.

Ω = {z ∈ C : −0.5 < Re(z) < 0.5 ∧ 1.8 < Im(z) < 2.6}

The analysis was performed in the frequency
range from 1 to 7 GHz. The tracing routine was
performed with a resolution step ∆r = 0.01 with
frequency normalization to 1 GHz.

By changing value of ψ of the initial triangle,
we obtain four separate mode characteristics as
presented in a(. The final combined characteris-
tic presented in b)-d) is a result of four separate
tracing routines.

a)

b)

d)c)

Propagation coefficient characteristics of the an-
alyzed example: a) separate characteristic com-
ponents, b) combined characteristic, c) real axis
projection and d) imaginary axis projection.

Conclusions
The introduction of the additional algorithm pa-
rameter can influence the shape of the traced
root path. Its proper choice allows for the eval-
uation of all possible characteristics, which are
the result of the presence of critical points. The
proposed modification extends the capabilities
of the algorithm.
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