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Quantum Walking Isomorphic to Laurent Series Ring

Takasi ENDO

Abstract: A simple continuous-time quantum walk system on the one-dimensional lattice space is
isomorphic to Laurent series ring. Time development of the quantum walker is calculated in terms of

simple algebraic operations on the ring.

Key words: Quantum walk, Laurent series ring
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Cyclophanes have attracted a great deal of attention
due to unusual high molecular strain geometry, interesting
NMR spectral, stereo-chemical aspects of mobility and
conformation. A series of syn-[3.3]metacyclophanes
(MCPs) containing internal substituted benzyloxy group
have been synthesized by the modified (p-tolylsulfonyl)-
methyl isocyanide (TosMIC) coupling reaction, followed
by acid treatment and Wolff-Kishner reduction. Single
crystal of syn-6,15-di-tert-butyl-9-
benzyloxy-18-methoxy[3.3]MCP-2,11-dione shows that

X-ray analysis

the bridge adopts a chair-boat like structure and this

conformation minimizes dipole-dipole interactions
between the two carbonyl groups. Interesting results were
obtained by treatment of syn-6,15-di-tert-butyl-9-
methoxy-18-methyl[3.3]MCP-2,11-diones with trimethyl-
silyl iodide (TMSI) which leads to form a dihydrofuran
moiety.
6,15,22-Tri-tert-butyl-9,18,25-trimethoxy[3.3.1]MCP

bearing two propane bridges, has been prepared in five
steps from p-tert-butylanisole in 25% overall yield, using
as the cyclization reagent, followed by Wolff-Kishner
reduction. 6,15,22-Tri-tert-butyl-9,18,25-trihydroxy-

[3.3.1]MCP, which is regarded as an uncompleted

"homocalix[3]arene" has been prepared from trimethoxy-
[3.3.1]MCP. O-Methylation of trihydroxy[3.3.1]MCP
with Mel in presence of K2COs afforded Ci-symmetric
novel inherent chiral calixarene analogue di-O-
methylated metacyclophane.

Symmetrical and unsymmetrical calixarene analogue
[1.1.1]MCPs containing both benzene and benzofuran
rings linked by methylene bridge are synthesized by
6,15,22-tri-tert-butyl-9,18,25-
with TMSL

structure of symmetrical monohydroxy[1.1.1]MCP was

demethylation of
trimethoxy[3.3.1]MCP-diones Crystal
found to belong to the orthorhombic crystal system with
space group Pccn and adopts spherical shaped cone
conformation and hydroxyl group form intramolecular
hydrogen bonding with oxygen of benzofuran ring.
O-Methylation at the lower rim of an unsymmetrical
monohydroxy[1.1.1]MCP afforded C; symmetric novel
inherent chiral calixarene
[1.1.1]MCP.

Highly flexible calixarene analogue 6,14,22-tri-tert-

analogue macrocyclic

butylcalix[3]benzofurans have been synthesized by
modified TosMIC coupling reaction, followed by acid
treatment and intramolecular cyclization of 6,15,24-tri-
tert-butyl-9,18,27-tri-methoxy[3.3.3]MCP-triones.  'H
NMR analyses of calix[3]benzofuran demonstrate that
they adopt drastically different conformations in solution
and undergo very fast conformational changes relative to
the NMR time scale but at -50°C exists as two
conformers cone and saddle in the ratio of 83:17.

In summary, various types of calixarene analogue
metacyclophanes containing three arene rings were
synthesized as well as their conformational structures also
discussed by X-ray analysis, Density function theory
(DFT)-computational study and variable-temperature
NMR.
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Sedimentation process influences many situations that are
important to humanity. Any deposition reduces the capacity of
reservoirs, interferes with harbor operation and closes or
modified the path of water course in rivers or coast line.

The Ariake Sea in Japan is a typical semi-enclosed shallow
sea being rich in fishery products. It supports the local economy
through fishing and the cultivation grounds of fish and shellfish.
The amount of fishery products decrease in recent years. One of
the reasons is that the seabed deposit has being deteriorated. It is
considered that the decline in the shellfish production was the
most serious signal of the environmental degradation of the
Ariake bay.

In this dissertation, the prediction of tidal flow, wind effect
and suspended sediment transport are simulated to be accordant
to natural occurrence by using 3-D hydrodynamic and mud
transport models. The objective of this study is to evaluate the
condition of sediment concentration and its transport on the
aquatic environment of north Ariake Sea caused by tidal
currents, storm surge and the assessment to sediment transport
rates, pathways and as references in the northern Ariake Sea.

Model simulations were undertaken with applying tide at
Nagasaki and storm surge (Typhoon Songda 200418) and time
simulation from 28 August to 7 September, 2004. There are two
scenarios; first scenario is the sediment changes which is
affected by tide alone, and the second scenario is affected by tide
and wind concurrent took place. In the first set of simulation
only tidal current was considered. Applying with tidal forcing or
tidal cumrents concwrrent with storm surge, an established
morphology in the estuaries of the Chikugo and the Kase Rivers
show typical characteristics of the mouths of both rivers, with
tidal flats existence in those places. Model simulation shows the
area where higher or lower suspended sediment concentration
appears in the north Ariake Sea as well. The condition of
sediment concentration can influence the transparency so that it
might disturb the fish and shellfish cultivation and the north
Ariake Sea environment in general.

The intrusion of saltwater to the upstream of Chikugo and
Kase Rivers supported the generation of suspended sediment
concentration in around the mouth of river, because the intrusion
of saltwater can create the disturbance of water in this area.
The highest suspended sediment concentration location is near
the river mouth affected by flooding and behavior of suspended
sediment concentration from north to south at spring and neap
tides. Storm surge affected the erosion taking place at most areas
in the north Ariake Sea and influenced the most to suspended
sediment during strong wind period.

This dissertation is comprised of six chapters.

In the first chapter, introduction of this study is discussed.
The background of sediment transport as a core in this study and
its existence with background to the Ariake Sea as the study area,
are presented in this chapter as well.

In the second chapter, literature review is summarized
regarding to various sedimentation models as the support to the
core of this study. An overview of hydrodynamic model and
mud transport model and how to use the tools to simulate the
model.

In the third chapter, the calculation method, model setting
and the types of necessary. data are presented for the
computational tools and calculation in the previous chapter as
well.

The forth chapter presents salinity condition in general and
specific to Chikugo and Kase River estuaries from the
simulation results of the hydrodynamic model, affected by tide
and tide-wind concurrent. The intrusion of salt water to both
rivers can be measured by placing some of stratification
checking points from the mouth to upstream of the rivers.

In the fifth chapter, simulation results of the tools
hydrodynamic and mud transport models affected by tide and
tide-wind concurrent to the North Ariake Sea are discussed. The
existences of sediment concentration in nearshore as- well as
offshore are discussed as well.

In this study, the results of research based on the simulation
of computational model of suspended sediment concentration
and salinity changes in the north Ariake Sea can be concluded as
follows:

* The effect of tidal currents to deposition took place more
to the north and almost along nearshore and river mouth,
while erosion occurred more in the south.

The effect of tidal currents by mass balance analysis show
that in offshore of the north Ariake Sea the pattern of
sediment transport is dominated by erosion pattern at both
spring and neap tides, while in nearshore of the north
Ariake Sea are dominated by deposition pattern at spring
tide, conversely at neap tide dominated by erosion pattern.
The highest suspended sediment concentration took place
near the river mouth caused by flooding towards the
offshore.

Wind combined with tide affects the erosion taking place
at almost all the points in basin of the north Ariake Sea.
Salinity intrusion process takes place in the estuary of
Chikugo and Kase Rivers to the upstream, approximately
4.2 km in Chikugo River and 1.2 km in Kase River.
Maximum suspended sediment concentration occurred at
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about 5.0 km upstream from the river mouth in Chikugo
River, while about 1.2 km upstream from the river mouth
in Kase River.

The tidal current is an important cause that should be
counted to sediment resuspension, while storm surge
influenced the most to suspended sediment during strong
wind period.

This study shows the phenomena in the north Ariake Sea, in
which tidal flats keep exist and the concentration of sediment
is higher around Chikugo and Kase River estuaries and
nearshore, and the resuspension of sediment keep occurring at
offshore of the north Ariake Sea.
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