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[ Characteristics of tropical tropopause and stratospheric gravity waves analyzed
using high resolution temperature profiles from GNSS radio occultation]
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The tropical tropopause at 12-19 km altitude functions as a boundary between the upper
troposphere and lower stratosphere (UTLS). Various coupling processes occur across this region
which influence mixing between the troposphere and stratosphere, primarily through the activity of
atmospheric gravity waves (GWs). Global Navigation Satellite System - radio occultation (GNSS-RO)
refers to limb soundings of radio waves transmitted by navigation satellites passing through the
Earth’s ionosphere and atmosphere, which arrive at an onboard GNSS receiver. Since April 2006, the
Constellation Observing System for Meteorology, Ionosphere and Climate (COSMIC), working in
conjunction with NSPO Taiwan and UCAR has been retrieving between 1500 — 2000 atmospheric
profiles per day. COSMIC provides global temperature profiles. The objective of this study was to
utilize COSMIC data to investigate the temperature structure and perturbations in the UTLS.

We processed the retrieval program adopting one of wave optics (WO) methods called full
spectrum inversion. We obtained a good vertical resolution (about 100 m near the tropopause) of
temperature profiles for altitudes of up to 30 km. We investigated the global distribution of static
stability (A?) and the characteristics of the tropopause inversion layer in the tropics for January
2007-December 2016. When the N? profiles are averaged relative to CPT height, there is a very thin
(<1 km) layer with average maximum M in the range 11.0-120 X 10 ' s % The mean of the
tropopause sharpness, defined as the difference between the maximum N and minimum N within *
1 km of the CPT, is (105 = 3.7) x 10 *s 2% We focused on the variation of tropopause sharpness in
two longitude regions, 90° -150° E (Maritime Continent; MC) and 170° -230° E (Pacific Ocean;
PO), which have different land-sea distributions. The correlation between the sharpness anomaly
over MC and PO and the sea surface temperature (SST) Nifio 34 index was -0.66 and +0.88,
respectively. This means that during La Nifa (SST Nino 34 < -05 K) in the MC, and El Nifio (SST
Nino 34 > +05 K) in the PO, warmer SSTs in the MC and PO produce more active deep convection
that tends to force the air upwards to the tropopause layer causing an increase the temperature
gradient. The intra-seasonal variation in the sharpness anomaly during slow and fast episodes of the
Madden-Julian oscillation demonstrates that eastward propagation of a positive sharpness anomaly is
associated with deep convection. This suggests that convective activity in the tropics is a major
control on variations in tropopause sharpness at intra-seasonal to interannual timescales.

We studied the characteristics of temperature perturbations at 20-27 km altitude caused by the
atmospheric GWs. We analyzed the vertical wavenumber spectra of GWs with vertical wavelengths
ranging from 0.5 to 3.5 km, and we integrated the (total) potential energy E,’. Another integration of
the spectra from 0.5 to 1.75 km was defined as E,° for short vertical wavelength GWs. We also
estimated the logarithmic spectral slope (p) for the saturated portion of spectra with a linear
regression fitting from 0.5 to 1.75 km. Latitude and time variations in the spectral parameters were
investigated in two longitudinal regions: (a) 90-150° E, where the topography was more
complicated, and (b) 170-230° E, which is dominated by oceans. We compared E,", E,°, and p, with
the mean zonal winds (U) and OLR. We also investigated the ratio £,° : E," and discussed that the
generation source of £p°, Ep" and p clearly showed an annual cycle, with maximum values in winter
at 30-50° N in region (a), and 50-70° N in region (b), which was related to topography.
Characteristics of £," and p in the tropical region seem to be related to convective activity.
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[ Study on Miniaturization of Plasma Wave Measurement Systems |
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[ Appearance of Symmetry Breaking in AC/AC Converters and Its Recovery Methods]
(AC/AC A2 /N—ZIZH T M DFE & 7 DOEITEZE)

2019 9 H 24 HEE

Symmetry, a concept embedded in nature, is analyzed in this dissertation from the viewpoint of
AC (alternating current) systems. Concepts such as load and periodic symmetry are explored. With
the property of load symmetry being related to a part of the configuration of a three-phase AC
system. Whereas the property of periodic symmetry is related to the dynamical behavior of currents
and voltages of AC systems. This dissertation illustrates how the symmetry of the configuration of
the electrical system, relates to the symmetry of the dynamical behavior of an AC/AC converter.

In some cases, the absence of symmetry can be useful for certain applications. For example,
harmonic spreading is achieved when a single-phase AC/AC converter is driven to chaotic regime.
In such instance, it would be useful to have a method that can recover the broken periodic
symmetry that is embedded in the chaotic regime. So that, depending on the application, such
converter could achieve different modes of operation. This dissertation explores such task. On the
other hand, in some instances, the absence of symmetry in AC systems can induce harmful effects to
AC devices. Apart from that, the lack of symmetry can make the analysis of AC systems more
difficult. The reason for this is that a three-phase AC system can be reduced to a single-phase AC
system; afterwards, the results are extended to remaining phases by symmetry. Without symmetry,
such simplification is not possible. Therefore, this dissertation analyzes appearances of broken
symmetries and proposes possible solutions that can recover them.

The dissertation starts by providing the theoretical background that is necessary to understand
the operation of the converters under consideration: single-phase AC/AC converter and matrix
converter (MC). In addition, the dissertation presents an overview of two cases of nonlinear
behaviors found in the operation of single-phase AC/AC and MCs: chaos and quasiperiodicity.
Moreover, the dissertation illustrates some of the tools that are used to control such behaviors. In
particular, the dissertation focuses on two methods used for the stabilization of unstable periodic
orbits: time-delayed feedback and extended time-delayed feedback control (TDFC and ETDFC).

After the introduction and theoretical background, the dissertation denotes how the periodic
symmetry of the output voltage of a single-phase AC/AC converter is broken when working in a
chaotic regime. Such chaotic operation can be of benefit to certain applications. Nevertheless, this
dissertation proposes a method that modifies the pulsewidth modulation (PWM) voltage controller of
such converter. In detail, the chaotic operation is stabilized via ETDFC. Therefore, stable and chaotic
modes are available for the PWM voltage controller. Afterwards, the single-phase AC configuration is
expanded to a two-phase AC configuration. The results indicate that chaotic and stable operations
are possible via a proposed symmetry-recovery method based on the ETDFC. In addition, the results
indicate the possibility of obtaining different types of frequency behaviors based on the ETDFC
parameters.

This dissertation also illustrates a case of broken load symmetry in a direct matrix converter
(DMC). Such condition induced a quasiperiodic behavior and a negative-sequence current at the
input side of the DMC. A method, based on the TDFC, was featured to the direct space vector
modulation in order to improve the operation of the DMC. Specifically, simulations and experimental
results indicate that there is a possibility of recovering part of the periodic symmetry at the input
side of the DMC. In addition, attenuation of the negative-sequence current at the input side of the
DMC is possible through the proposed method. Thus, detrimental effects due to negative-sequence
current are attenuated.

The last part of the dissertation focuses on the output side of a Venturini modulated DMC.
Simulations and experiments proved the presence of a quasiperiodic behavior and 0 Hz (direct
current (DC)) component in the output currents. In addition, the dissertation illustrates a method
that can recover the periodic symmetry and attenuate the amount of DC components in the output
currents. The feasibility of the method is proved through simulations and experiments.

It is hoped that the results and conclusions given by this dissertation can be extended to other
fields. In particular, the fact that changes in the symmetry of the configuration of a physical system,
can break the symmetry of the dynamical behavior of such system. In addition, symmetry is a strong
characteristic, that even when it is broken, it can still be recovered.
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