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Summary

This thesis presents a numerical scheme for the determination of the optimum fiber
length in cut back method to estimate the dispersion parameters in terahertz
waveguides.

As regards many physical phenomena, wave transmission through the medium has
property of dispersion. Dispersion phenomena mean that the phase velocity (or group
velocity) is different by frequency (or wavelength). We call the relation function of phase
velocity(v), frequency(w) and wavelength(d) as ‘dispersion function’ or ‘dispersion
relation’, and it is expressed with function f(w) or g(A) (Group velocity is differential
form of phase velocity about wavenumber).

One of the example that wave transmission shows nature of dispersion includes a
seismological surface waves (that is transmitted along the surface of the earth). In case
that the underground basement structure is non-homogeneous horizontally, surface
wave transmission shows a characteristic of dispersion. Otherwise, in communication
engineering, a representative example of dispersion is the light signal transmitted in
the glass fiber. The problem of the Crosstalk in TDM (Time Domain Multiplexing)
transmission system is that nature of dispersion of wave motion is caused by an
expanse of pulse signal width. Like this, the dispersion characteristic of waveguide
becomes serious problems when the signal is non-monochromatic.

THz (terahertz) wave is the electromagnetic wave of a frequency range between the
light and the classical-meaning electromagnetic wave. The wavelength of THz wave is
from 30um to 3mm, and frequency is from 100GHz to 10THz. With development of a
semiconductor and superconductor materials of late years, importance of the waveguide
transmission of terahertz wave is focused in optical engineering. Various materials are
utilized for waveguide of THz transmission, and in any case the obvious dispersive
character is measured. Therefore the measurement and prediction of dispersion
becomes important for practical use of THz waves. One of the most important material
among them is photonic crystals, which is defined the dielectric, whose refractive index
changes into periodically. Photonic crystal fiber (PCF) (Russel et al. 1995), which is
consisted of photonic crystal, can control transmission character for the electromagnetic
wave of wavelength from several hundred to several thousand nanometers by its
geometrical structure. For the measurement experiment of a waveguide propagation
characteristic of PCF, Time Domain Spectroscopy (TDS) is used. This is the method to
measure time domain waveform of the electromagnetic wave directly. Furthermore,
cutback method is used to measure a propagation characteristic of waveguide per unit

length by this TDS method. We estimate a propagation characteristic by comparing the



output signal which passed through the optical fiber of different length. Cutting length
of a fiber is an important measurement condition when we execute Cutback method.

In this thesis, we execute a numerical simulation of waveguide propagation of THz
wave as follows, in order to predict fiber length for the most suitable measurement by
cutback method. At first we define input waveform and obtain the output waveform by
numerical computation which propagated the waveguide whose transmission properties
are supposed. As propagation characteristic of waveguide, we suppose a dispersion
relation and an energy loss (attenuation) character and calculate output waveform by
Fourier transform, supposed the waveguide length of L. Furthermore, we add the
observation noise (white noise) which is independent each other to input and output
waveform. We compare output- and input waveform and calculate the sum of amplitude
difference of two waveforms by range of analysis time window, and estimate the value of
a transmission parameter by the least-squares method. By comparing Preferences value
(the true value) with this estimate value, we decide adequacy of the experiment
condition (length of waveguide). Furthermore, we repeat this process for various
parameters and waveguide length, and decide the most suitable measurement
condition.

The energy loss function B and the dispersion function § are defined as follows.
Dispersive phase velocity function &(w,D) is expressed with a linear expression of
frequency w and coefficient D. we assume D as constant parameter, and phase velocity
is £0 at frequency wo (the maximum amplitude frequency). Following the result of usual
experiments of PCF, parameter D is supposed as D >0. And about an energy loss
function B(a,L), we used Beer's law. The coefficient a is the fixed constant and L is length
of waveguide. We supposed a to change by range from 0.03 to 0.08. After all, these two
variables of loss parameter a and dispersion parameter D should be estimated as
propagation characteristics.

As a result of simulation, we understood that the most suitable measurement
waveguide length could be similar to power law of experience about a parameter. Using
this result, we showed that the optimum fiber length for cutback method experiment for
measurement of a waveguide characteristic was estimated. In physics, a lot of
phenomena are expressed generally by power law of parameters, and, actually, power
law of experience is a reliable method to understand the subject of research. However,
understanding the physical meaning of that power law remains the problem to resolve
later.

The most suitable waveguide length (Lo which varies with parameter o, D, Sn is

required, and we applied Loy to an empirical experience formula of power law of each



parameter. We defined the next formulas about most suitable waveguide length L. for
the parameter a measurement as 1)L, =C,-a"™-D*%-Si and Lp for parameter D
measurement as (2 L,=C,-a™ -D%.SP and estimate coefficients value by the
least-squares method (C, and Cp are constant coefficients). As a result of simulation, the
following coefficients were provided as Co = 70.0, pa=-1.4, o= 0.4, ro= 0.3 for function (1),
and Cp =11.5, pp =-0.30, gp = -0.28, rp= 0.21 for function (2).

In order to confirm whether the real experiments of TDS method could apply the
result on the basis of the above-mentioned power law, we execute the simulation to
confirm the statistical proprieties of the decision method of the most suitable waveguide
length, as follows. At first, we calculate 'the zeroth approximation model' as
above-mentioned process of calculation, 'true parameter setting', 'waveform
composition', 'parameter estimate', and 'error estimation' about several observation
noise repeatedly, and next, we take out one of the estimate parameter value and
suppose them as the truth value, and repeat similar calculation process. We call the
latter process as 'the first approximation model'. Furthermore, we confirm that the
results of optimum length of 'the zeroth approximation model' are similar to 'the first
approximation model'. We compared the results of these two stages and they are almost
agreed. Above this calculation, we confirm that an empirical formula of power law is

effective for the experiments of TDS method.
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(a) Johannes Kepler;
(1571-1630)

(b) Sir Isaac Newton,;
(1642 -1727)
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(a) simulated signal and Random noise

intrinsic input signal

random noise
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scimulated input signal ( Signal + Noise )
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(b) Amplitude Spectrum of (c) Amplitude Spectrum of
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(a) The most appropriate wageguide length
parameter o (Absorption coefficient) estimation
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(a) Oth stage simulation (b) 1st stage simulation
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